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Abstract 
Unprecedented levels of energy use continue to increase globally due to a lack of 

general consciousness regarding energy consumption practices and behaviours. If the 

UK and countries around the globe are to meet energy reduction targets and address 

the challenge of carbon emission, it is vital to make humans more conscious about 

their energy use, supporting them to understand and address their behaviour towards 

this and the environment in which we live. 

This study employed a multidisciplinary (information, social and energy science) 

approach to find out if an energy dashboard and serious game that simulates a living 

space where the player must make pro-environment decisions for the game persona 

to stay alive until the game is completed, can encourage households to optimize their 

energy use and indoor environment quality IEQ (CO2, relative humidity, and 

temperature). Throughout the study, households were provided with feedback of their 

energy use and indoor environment conditions, pro-environment behaviour tips as well 

as the serious game. Quantitative data captured from the homes of the participants 

using an Integrated Metering and Sensor System (IMSS) enabled the researchers to 

measure changes to actual energy use and IEQ, while semi-structured interviews and 

questionnaires were used to gain insight into how the building occupants interacted 

with the dashboard and serious game.  

The results from the dashboard usage only yielded electricity savings of between 

1.05% and 7.8% for approximately 28% of the participants. However, the average 

savings for all participants was -5.46% (negative savings). 11%, 83% and 44% of the 

participants improved the quality of their indoor CO2, relative humidity, and 

temperature respectively due to the dashboard only.  A combination of the dashboard 

and serious game yielded average electricity savings of 7.77% across all participants; 

78% of participants recorded electricity savings of between 0.11% and 35.27%, while 

44%, 67% and 17% improved the quality of their indoor CO2, relative humidity and 

temperature respectively. In addition, 61% of participants were able to sustain 

electricity savings of between 0.63% and 13.07% seven months after researchers 

withdrew or minimized all forms of interaction with them, with the average electricity 

savings for this 7 month period at 2.9%. Furthermore, 17%, 50% and 44% of 
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participants were able to sustain healthy indoor CO2, relative humidity, and 

temperature respectively.  

The outcome of the quantitative study was corroborated by the result of 2 semi-

structured interviews. The interviews demonstrated that approximately 68% of 

participants learnt to be more conscious about their energy use and indoor 

environment conditions due to the dashboard. Approximately 52%, 37% and 16% of 

participants attributed their newfound consciousness to the feedback on energy use, 

IEQ and pro-environment tips respectively. 63% of participants saw the game as a 

beneficial way for householders to learn about sustainable energy use and IEQ 

behaviour. The trial heightened the interest of 58% of the participants in home energy 

use and IEQ data, supporting them to better understand energy use within their 

homes.  

In conclusion, the findings of this research demonstrate that use of the dashboard and 

serious game provide a low carbon solution whilst simultaneously increasing 

awareness and changing the energy use and IEQ behaviour within each household. 

If implemented on a global scale, these changes could save the planet, preserve 

energy sources and the indoor environment, and play a vital role in the fight against 

fuel poverty. 
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Chapter 1 

1 Introduction 

 

The relevance of this study is based on the findings of academic and government 

literature on the need to optimize energy use and indoor environment conditions in the 

built environment through changes in user behaviour, given the dangers of poor 

energy use and indoor conditions (Gill et al. 2010, Abrahamse et al. 2005, Darby 2006, 

Seligman, Darly, and Becker 1977, Zvingilaite and Togeby 2015, Sovacool 2014). 

Whilst residential energy use can be said to vary across countries, climate and building 

types (Gill et al. 2010, Stevenson and Leaman 2010); even when these factors are 

similar, the living pattern and lifestyle of occupants result in obvious disparities thus 

providing motivation for further study on how human factors affect residential energy 

use. The solution to poor energy use behaviour can be difficult to approach from a 

solitary viewpoint because of the complexity of human nature (Mogles et al. 2018). For 

example, human nature and the influence on energy-use behaviour has been 

observed to be responsible for a 51% and 37% disparity in heat and electricity use 

respectively within identical residences (Gill et al. 2010). The diversity in behaviour 

and lifestyle gives rise to differentiated energy-related choices made by people 

including how often and how much time people spend on cooking, space, water 

heating, air conditioning, entertainment, and lighting. In terms of leveraging change to 

energy end-user behaviour, social intervention initiatives have used one or a 

combination of techniques such as energy labels, feedback systems, prompts, Energy 

Performance Certificates, gamification, goal setting, energy auditing, norm appeals, 

commitments, economic incentives and disincentives, benchmarks, and community-

based social intervention to date. 

This study explored the effectiveness of energy and indoor environment interaction 

technologies in changing household energy and indoor environment behaviour. It also 

sought to understand how study participants perceived energy use and their 

environment through the experimental technologies provided for the study. To unravel 

these, the researcher worked alongside members of the Smarter Households project 

while they conducted a trial across 19 dwellings in the Midlands region of the United 
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Kingdom. The smarter households project is an Engineering and Physical Sciences 

Research Council (ESPRC) BuildTEDDI sponsored project carried out by a 

consortium of 5 Universities, an energy company, and a housing association.  

Households were allocated tablets containing both an energy dashboard and serious 

game application. The dashboard was used to provide households with feedback and 

information on their energy use and indoor environment conditions while the serious 

game was designed to teach and remind study participants about steps that can be 

taken to optimize energy use and indoor environment behaviours. 

1.1 Study Rationale 
 

Final energy consumption in the UK residential sector increased by 3.1% between 

2015 and 2016 despite mean temperatures for both years remaining the same. 29% 

of total final energy consumption in 2015 was attributed to the residential sector 

(DBEIS 2017a) with a 4.6% increase in gas used for space heating largely responsible 

for the upsurge in final energy consumption. Within the same period and although the 

number of household occupants had reduced by 0.2%, household energy usage and 

energy use per occupant increased by 2.1% and 2.3% respectively. This rise could be 

due to the attitude of occupants towards energy use; again postulating the disparity 

between energy use and human consciousness as a key factor (Gill et al. 2010).  

Energy use reduction is vital given the consequence of its generation and consumption 

on the environment (Global warming and depletion of primary energy sources) and it’s 

inhabitants (DBEIS 2014). This is somewhat significant because a household is 

classified as fuel poor if it spends more than a tenth of its income on heating (Longhurst 

and Hargreaves 2019).  Between 2014 and 2016, England saw a 0.5% increase in 

fuel poverty, bringing the number of fuel poor households to 2.55 million – 11.1% of 

English households (DBEIS 2018). This figure is concerning as it means that some 

homes that are not considered generally poor based on their income, still find 

themselves within the fuel poverty region because of their energy consumption rates 

(DBEIS 2017b). Such behaviours are unsustainable; and if continued will hinder the 

UK government’s decarbonization plan (HM Government 2008). Thus, there is an 

urgent need for society to make a drastic change (HM Government 2011).  
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Research has shown that feedback on energy use; indoor conditions and 

environmental footprint awareness and information can help change the behaviour of 

people towards energy consumption and the environment (Abrahamse et al. 2007, 

Darby 2006, Abrahamse et al. 2005, Steg 2008). Hence, this project seeks to 

understand how householders perceive such information when provided via 

interactive media such as a dashboard and serious game.  

Despite rising public concern about the environment, a substantial effort towards 

energy use behaviour optimization is arguably absent hence the need to promote a 

change. Whilst the construction of zero or low carbon buildings is advantageous, 

energy use optimization in the residential sector moves beyond this to also entail zero 

or low carbon operation and maintenance. Even with this acknowledgement, this 

strategy for lowering energy use has not evaded criticism from academics; with 

research suggesting that fundamental gaps exist between building designers and the 

eventual building occupants (Malekzadeh, Bouchlaghem, and Wheeler 2011). This 

again highlights the discourse that “social, cognitive and behavioural factors are 

important in explaining why many people have not yet introduced changes that could 

help them to enjoy cosier homes and low energy bills” (Cabinet Office, DECC, and 

DCLG 2011). If these changes where to be implemented worldwide, they could save 

the environment from global warming, preserve global natural resources; save people 

from fuel poverty and building-related ailments; as well as give them better indoor 

conditions to promote improved health. This would require not only large corporations, 

contractors and the like but individual householders to be more aware of their energy 

use and footprint on the environment. The expectation is that the tools provided for 

this study will either remind householders or teach them optimized energy use and 

indoor environment behaviour. 

1.2 Aims and Objectives 
 

The aim of this research is to investigate the effectiveness of a dashboard and serious 

game as interactive technologies for changing energy use and indoor environmental 

behaviour amongst UK building occupants. The objectives used to achieve this aim 

are as follows: 
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1. To carry out a review of literature regarding behaviour change interventions and 

household energy consumption.   

2. To explore how the energy dashboard can influence household energy use and 

IEQ. 

3. To determine the impact of combining an energy dashboard and energy serious 

game on household energy use and IEQ. 

4. To determine the efficacy of a dashboard and serious game in achieving 

sustainable energy use and IEQ improvement. 

1.3 Research Questions 
 

To achieve these objectives, the following research questions were answered by this 

thesis: 

1. To what extent did the energy dashboard prompt changes in energy use 

behaviour and IEQ amongst households? 

2. By how much did a combination of the energy dashboard and serious game 

change energy use behaviour and IEQ amongst households? 

3. By how much did households sustain improvement in energy use and IEQ long 

after the researcher withdrew or minimized interaction with them? 

1.4 Summary of study and hypothesis 
 

The effectiveness of a dashboard and serious game as interactive technologies for 

changing energy use and indoor environmental behaviour was demonstrated through 

the analysis of quantitative and qualitative data obtained via intervention. The 

intervention saw sensors that captured energy use and IEQ deployed within 

experimental buildings and the data captured by the sensors stored remotely and 

transmitted to the households as feedback information. A serious game with 

educational intent was provided for the participants to guide them on how to improve 

energy use and IEQ. Interviews on the use of the dashboard and serious game was 

conducted to capture more data to complement the data that was obtained from the 

in-situ equipment. The intervention period was split into 4 phases. The first phase 

served as the baseline period. This phase was used to collect data about the energy 

use and indoor environment behaviour of participants prior to the introduction of both 
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applications. The dashboard was introduced in the second phase while a combination 

of the dashboard and serious game was used in phase 3. The fourth phase was a 7-

month period within which the researchers withdrew or minimized all forms of 

interaction with the participants. This final phase represented the behaviour of the 

participants long after the deployment of both applications. The fourth phase gave an 

insight into whether households sustained any changes in behaviour long after the 

deployment of the study. 

Three null hypotheses were derived for this thesis. The first hypothesis was that the 

dashboard only as a feedback tool could yield energy savings of between -2% and 

7%. The second hypothesis also presumed that similar savings could be achieved 

when a combination of the dashboard and serious game were applied to energy use 

and IEQ behaviour change. This range of savings was based on a review of 40 energy 

use intervention studies conducted by Zvingilaite and Togeby (2015). The third null 

hypothesis was that the households would not sustain the improvements gained 

during the intervention long after the deployment of both applications as intervention 

tools. This implied that the households were likely to consume more energy and their 

indoor condition would likely worsen long after researchers withdrew or minimized 

interactions with them. This theory bis based on the work of Abrahamse et al. (2005) 

and the premise that behavioural changes are barely sustained long after 

interventions. 

1.5 Thesis Structure 
 

Chapter 2 discovers the principal findings in literature reviewed prior to and during the 

study, while chapter 3 discusses the theories and methods that were used to conduct 

this study. Chapter 3 also identifies the limitations of the study and chapter 4 gives an 

insight into the energy use background of the households and how they perceived and 

used energy. This chapter formed the basis for the discoveries that were reported in 

the fifth and sixth chapter. Chapter 5 used the outcome of interviews to present the 

views of participants on the intervention and some of these views and outcomes were 

later used in chapter 6 to add credence to the findings of the quantitative data analysis. 

Chapter 6 used data from actual electricity use and indoor environment conditions to 
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answer the research questions, while chapter 7 concludes the thesis with a summary 

of study findings, its contributions, and some recommendations for future work. 
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Chapter 2  

2 Literature Review 
 

2.1 Introduction 
 

Energy use continues increasing because people are generally unaware of energy 

consumption practices and behaviours (Shove 2003). In addition, social customs 

formed by cultural and economic factors influence energy consumption amongst 

householders. Determined by commercial interest, these changes develop an 

eventual standardization of consumption patterns which rapidly increases 

consumption in general (Shove 2003). In order to reduce energy consumption 

amongst householders, it is important to address the macro and micro factors that 

contribute to it (Abrahamse et al. 2005). Abrahamse et al. (2005) refer to the macro-

factors as the TEDIC factors. These include “technological development (e.g. energy-

intensive appliances), economic growth (e.g. increase in income), demographic 

factors (e.g. population growth), institutional factors (e.g. government policies) and 

cultural developments (e.g. emancipation, increase in mobility of women)”. Micro-level 

factors affecting energy use include motivational factors (e.g. preference and attitude), 

ability, knowledge, and opportunities. In terms of energy consumption, macro-level 

factors (in)directly affect micro-level factors (Abrahamse et al. 2005) and these effects 

are manifested in the form of household sizes, lifestyle, energy consumption habits 

and number of appliances acquired (Stern 2002). 

Abrahamse and Steg (2009) however, take issue with the contention that attitude, 

personal customs, cognizance of penalties, attribution of responsibilities and 

behavioural control account for the majority of variation in energy use amongst 

householders. Instead, they attributed a quarter of the variance in energy consumption 

to behavioural antecedence (Abrahamse and Steg 2009) citing socio-demographics, 

household size and income as significantly influencing energy consumption. Larger 

households and households with higher incomes were seen to consume more energy; 

implying that constrictions and chance strongly influence household energy 

consumption patterns (Abrahamse and Steg 2009). In support of this, studies have 

also shown that efficient behaviour cannot manifest without people adopting 
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curtailment behaviours, further evidenced in experiment findings which have shown 

that energy efficient appliances can nevertheless be used inefficiently (Mogles et al. 

2018, Gardner, G, Stern 2002). Ultimately, it was postulated that if every other variable 

influencing domestic energy consumption stayed constant, gas consumption would 

increase by approximately 380KWh for every £10,000 rise in wages (DECC 2012).  

The purpose of the chapter is to highlight the effectiveness of various intervention 

techniques in altering energy use in the residential sector. This chapter is structured 

as follows: firstly, it presents a brief on the methods applied for the literature review 

exercise, followed by some information on consequences of unsustainable energy use 

practices. Next it outlines and discusses some of the behaviour change initiatives that 

have been conducted in the past. This discussion focuses only on social interventions 

that induce curtailment behaviours. Subsequently, energy requirements and energy 

use intervention technologies are reviewed. Finally, this is followed by a summary of 

the review and solution recommendation, accompanied by a list of problems 

associated with human energy use intervention and a conclusion. 

2.2 Method used for the Review 
 

Several articles and journals from the 1970s on human energy and environment 

interaction were reviewed in this study. The reference list of these articles and journals 

offered further guidance for the identification of related papers relevant to the study. 

Numerous peer reviewed journals and government papers written in the field of social, 

information and energy science, over a clearly defined date range of 1975 to 2021 

were also systematically reviewed. This period was specifically chosen to gain an 

insight into what energy efficiency practices were obtainable prior to the present era 

and the practices that gave rise to the clamour for energy efficiency.  

The selected studies were adopted because they indicated the effectiveness of energy 

use intervention exercises; with some of the papers measuring effectiveness based 

on quantifying aftereffects against a previously established baseline. The measures 

used for evaluating the adopted papers were similar to those listed by Abrahamse et 

al. (2005). These measures included observing the degree to which the interventions 

resulted in the alteration of energy consumption and behavioural change; with the 

effectiveness of particular intervention(s) measured by comparing an intervention 
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group with a control group who were not exposed to similar experimental conditions. 

The period within which studies observed their subjects to see if the changes in habit 

were sustained varied (Abrahamse et al. 2005) and the effectiveness in these cases 

were reported using a positive value when the intervention group conserved more 

energy than the control group. A negative value was reported if the control group 

conserved more energy than the intervention group (Abrahamse et al. 2005). 

Another approach that was used by researchers to measure the effectiveness of 

interventions was observation and using the changes in energy use and behavioural 

determinants to scrutinise the reasons behind the success or failure of an intervention. 

This yardstick was used because it is assumed that an intervention can be effective 

based on how much it alters behavioural determinants of energy consumption. The 

synthesis of the latter was adopted for this study.  

2.3 Unsustainable Energy Practices 
 

This study is based on the premise that human habits and lifestyle choices are behind 

the proliferation of appliances owned and used by householders. Between 1970 and 

2015, the average number of appliances per household increased by 138% (DBEIS 

2017a) with the increased number of appliances per household implying a higher 

energy demand and increased pressure on energy sources. Consequently, the high 

energy need heightened the volume of Green House Gases GHG in the atmosphere 

and, thus, the depletion of energy sources and rise in global warming. Energy is an 

important part of everyday life given the role it plays in the economic development and 

social wellbeing of nations around the globe. However, its use directly and indirectly 

impacts on climate change, energy source security, fuel poverty amongst 

householders and indoor environment conditions; hence, there is an urgent need for 

energy users to adopt habits that will minimize detrimental effects on humans and the 

environment. 

2.3.1  Climate Change 
 

In the last 100 years, the average temperature of the earth has increased by 

approximately 0.8 degrees Celsius. This means that every decade in the last 30 years 

has felt hotter than the preceding one (DBEIS 2014). Average temperatures in the UK 
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have been measured to be 1 degree Celsius higher than it was in the last century; and 

0.5 degrees higher than it was in the 1970’s (DBEIS 2014).  These temperature 

changes are caused by the emission of greenhouse gases (GHG) to the atmosphere 

as produced by human activities in various sectors of the economy.  

In terms of sectors of the economy, the domestic sector in particular utilizes 29% of 

final energy and contributes 25% of atmospheric CO2 (CO2 is the most eminent of all 

the GHG) (DBEIS 2017a). More recent studies have attributed approximately two-

thirds of CO2 emissions to homes (Niamir et al. 2020). The residential sector is also 

known to be the most susceptible to temperature variation since constant change in 

temperatures cause humans to devise ways of keeping their enclaves within a 

comfortable and liveable remit. Given the findings, it is obvious that reducing energy 

use in the domestic sector would be helpful given that it consumes approximately a 

third of final energy and emits a fourth of CO2 into the atmosphere (DBEIS 2017a).  

2.3.2  Depletion of energy sources 
 

The continued use of physically and economically limited traditional energy sources 

such as fossil fuel has been identified by experts as a huge challenge to global energy 

systems (Höök and Tang 2013). In 2016, world primary energy consumption grew by 

1% (BP 2017); and in the same year, the world’s dominant fuel sources - oil, natural 

gas and coal -  proved reserves that can only withstand another 50.6, 52.5 and 153 

years of global energy production respectively (BP 2017). The energy reserve periods 

indicate that fuel reserves will not outlive the next generation. Thus, drastic steps 

needs to be taken towards their optimal use in all sectors (European Commission 

2018) (this is not within the scope of this paper). 

2.3.3  Fuel Poverty 
 

The UK government expects every home to have the exact amount of energy required 

to maintain a warm, well-lit home, with hot water for everyday use, and the running of 

appliances (Mogles et al. 2018, Gardner, G, Stern 2002). However, the amount of 

energy used by identical households for these purposes has been known to vary. For 

instance, research amongst 290 similar households in Denmark showed that dwellers 

with the highest amount of heat consumption used twenty times more heat than the 
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least (Valentina, Andersen, and Corgnati 2012). This energy use variation of up to 

2000% amongst identical homes is unsustainable and can make homes fuel poor. As 

discussed, a home is said to be in fuel poverty if their fuel expenses exceed the 

national median level, leaving the household with a disposable income that is below 

the acceptable poverty limit (DBEIS 2017b). Further to this, the aged (persons aged 

65+) are the most susceptible to poverty (Office for National Statistics 2017).   

Between 2014 and 2016, the number of homes in fuel poverty in England rose by 0.5% 

(DBEIS 2018). This increase totals the number of households living in fuel poverty at 

2.55 million, approximately 11.1% of English dwellings. Figure 2-1 shows a steady 

increase in fuel poverty between 2013 to 2016 after a decline between 2009 and 2013.  

 

Figure 2-1: Fuel Poverty data in England between 2003 and 2016 (DBEIS 2018) 

The chart highlights that the average fuel poverty gap gradually declined from 2012 to 

similar levels as 2008. The percentage of homes in fuel poverty was comparatively 

steady, fluctuating between 10 and 12 percent over the period reflected on the graph. 

The graph further shows that there can be a negative correlation between the 

percentage of fuel poor households and the average fuel poverty gap as the 

percentage of fuel poor households rises when the average fuel poverty gap declines. 
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2.3.4  Indoor environment conditions 
 

It is often overlooked that the impact of home appliances and indoor living has grievous 

consequences on the structure and fabrics of dwellings, and its occupants. In actuality, 

domestic activities in the home; some of which are listed in table 2-1, affect the 

temperature, humidity, and CO2 balance of the indoor environment. This is because 

humans require thermal equilibrium between their bodies and the environment they 

live in. It is important to note that although  thermal comfort might vary amongst 

humans, recommended indoor temperature ranges between 18 and 21 degrees 

Celsius (Public Health England 2014). It is therefore expected that temperatures are 

controlled to stay within this range or whatever range suits the households’ inhabitants 

(the suitable temperature will usually not be far from the recommended range). It is 

important to clarify that using either more or less heat than is required in the home 

comes at a cost (financial, health or environmental). 

Humidity is one of the variables that influences thermal comfort, health and the 

wellbeing of building occupants; and humans are more comfortable with humidity 

levels of between 40% and 70% RH (CIBSE 2006). High humidity due to activities 

such as cooking, dish and floor washing, laundry, bathing, indoor plants, respiration 

and perspiration of dwellers can lead to condensation and moulds in spaces. The 

mould could then degenerate housing structures and fabrics. Humans produce CO2 

naturally as they breathe; cook, shower and heat their homes. However, they cannot 

function optimally when the CO2 level within their homes exceed 1000 parts per million 

(CIBSE 2006).  

Table 2-1: How home activities affect the indoor environment 

 Temperature  Humidity  CO2  

Indoor activities 

that influence 

them 

Cooking, 

showering, space 

heating, physical 

activities 

Cooking, dish and 

floor washing, 

laundry, bathing, 

indoor plants, 

respiration, and 

perspiration 

Breathing, cooking, 

showering, and 

heating 
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Suitable range 18–21 °C (Public 

Health England 

2014) 

40–70 %RH 

(CIBSE 2006) 

250–1000 ppm 

(CIBSE 2006) 

Effects when 

below the 

appropriate range 

Cold, flu, 

hypothermia, 

influenza, sore 

throat, diminishing 

of immune 

response, 

shivering, 

drowsiness 

Dry and irritated 

eyes (Wyon et al. 

2006), flaky and 

itchy skin, inflamed 

and dried mucous 

membrane, high 

risk of cold, flu and 

other infections  

Always available in 

the atmosphere 

Effects when 

above the 

appropriate range 

• Hot and flush dry 

skin (Berglund, 

Maroni, and 

Mblhave 1991); 

profuse sweating; 

• Confusion; 

• Loss of 

consciousness; 

• Seizures; 

• Very high body 

temperature; 

excessive thirst; 

nausea; 

exhaustion; heat 

stroke; heat 

rashes; cramp; 

restless; headache 

Introduce mould 

(can cause 

allergies; asthma 

attacks; ear, throat 

or eye irritation and 

respiratory 

problems) and dust 

mite in the home, 

sleeping problems 

(Berglund, Maroni, 

and Mblhave 1991) 

Reduced oxygen 

(Wyon and 

Wargocki 2013); 

headaches; 

sleepiness; 

stagnant, stale and 

stuffy air; loss of 

attention (Wyon 

and Wargocki 

2013); increased 

heart rate; toxicity,  

nausea and death 

(Leikauf and Prows 

2001) 
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2.4 Social Interventions for Human-Energy Behaviour 

Transition 
 

Data from several studies suggest that social interventions can be utilised to 

successfully reduce energy use by as much as 20% when several energy behaviour 

transition and engagement initiatives are implemented (Höök and Tang 2013, Nicol, 

Roys, and Garrett 2015, CIBSE 2006, Wyon et al. 2006). Social interventions in this 

context are deliberately implemented intrusions that can modify energy use habits 

amongst consumers. The approach used for social interventions are usually 

dependent on the individuals in question and what issues need to be addressed 

(Elsharkawy and Rutherford 2015). Energy-related social intervention is especially 

effective when well suited to the people involved and are not costly in terms of money, 

time, effort or social disapproval. Energy-related social intervention is also most 

effective when individuals are not tasked with facing extreme behavioural constraints 

(Steg 2008).  Interventions can divulge behaviours that are not environment friendly 

and determine why householders are (un)enthusiastic about adopting sustainable 

behaviour patterns. These discoveries guide researchers on the best intervention 

approach to adopt forthwith. After an intervention trial period, the effectiveness of the 

intervention is evaluated through observed changes in behaviour elements and 

energy-related habits (Abrahamse et al. 2005). 

Abrahamse et al. (2005) investigated the differential impact of antecedent and 

consequence intervention as two behaviour transition approaches. Antecedent 

intervention stimulates one or more factors before an environmentally significant 

behaviour is carried out. This includes the making of commitments, goal setting, 

information, and modelling. Consequential interventions provide householders with 

information and the significance of the environmental related actions they participated 

in. This could comprise of feedback regarding energy use including economic 

incentives and disincentives. Such information could increase the likelihood for saving 

energy. Due to the differential impact of the two behaviour transition approaches, it 

has been suggested that antecedent interventions are more effective when combined 

with consequential interventions.  
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Home energy user behaviour change tactics can be technology-oriented, 

economically-oriented or environmentally-oriented (Lobaccaro, Carlucci, and Lofstrom 

2016). The provision of information to householders can make consumers more aware 

of helpful tips, guides and newly introduced technologies, mechanisms and 

approaches. Information can be provided through brochures, energy consultancy 

services and fairs (Gangale, Mengolini, and Onyeji 2013), workshops, energy labels 

(Burgess and Nye 2008), visual prompts (Elsharkawy and Rutherford 2015), 

benchmarking, Energy Performance Certificates (Backhaus, Tigchelaar, and De Best-

Waldhober 2011) and mass media campaigns. These are commonly used approaches 

that can create or increase awareness on problems linked with energy or adoptable 

energy conservation procedures. In order to avoid overloading householders with too 

much information, tailored information - which was made available after a home audit 

by professionals – meant that they were provided with personal information only 

(Abrahamse et al. 2005). The feedback provided from this offered householders 

information they could relate to with the objective to prompt a change in habit. 

Feedback is discussed in detail later in this paper and the various energy user 

engagement approaches are discussed below. 

2.4.1  Energy labels 
 

Usually found on white goods and appliances, energy labels on Energy-Intensive 

Products are seals that display the energy efficiency ranking as well as other 

concealed expenses attached to appliances over their useful life. More emphasis on 

labels have prompted manufacturers and retailers to produce and stock more energy 

efficient goods (Boardman 1997) and in theory, this makes it easier for consumers to 

make better choices when acquiring appliances in terms of making a well-informed 

purchase decision (Steg 2008, Lobaccaro, Carlucci, and Lofstrom 2016). This theory 

is complemented by Langley et al. (2012) who’s study to find out the effectiveness of 

energy labels on consumer choices showed that labels could lead consumers into 

buying and using environmentally-friendly products. Waechter, Sütterlin, and Siegrist 

(2015) however disagree. They argue that whilst energy labels attract the attention of 

consumers towards energy information, they barely influence their product choices. 

They further posited that consumers fixate on energy-efficiency information whilst 
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ignoring actual energy use details thereby leading to an increase in final energy use 

(Waechter, Sütterlin, and Siegrist 2015).  

The two categories of labels are the endorsement and comparative labels (Wiel and 

Mcmahon 2005); and it is important to clarify how these are defined. Endorsement 

labels are applied to product models that meet certain energy efficiency or 

sustainability standards. They contain little information and do not give room for the 

differentiation of products based on energy efficiency. Comparative labels support the 

comparison of appliances across their energy efficiency classes or scales. 

Comparative labels are compulsory for products in most countries around the globe.  

Whilst energy labels tell the consumer how much energy the product utilises on 

standard functionality settings to support them to make conscious choices that 

minimise energy consumption, people are likely to take product pricing more seriously 

than the information on an energy label when making a purchase decision (London 

Economics 2014). In addition, consumers are also willing to pay a premium for 

cheaper energy efficient products (e.g. Light bulbs) as oppose to  more expensive 

energy efficient products (e.g. television or refrigerator) (London Economics 2014). 

Some studies argue that there is little indication to prove the effectiveness of labels on 

energy use (Barbu et al. 2013) and it has been observed that consumers are likely to 

relate more with monetary units than physical units or information about the 

environmental footprint (Rohling and Schubert 2013). Information about the lifetime 

cost of a product has also proved to be more helpful than information about annual or 

monthly costs. Strategies to enhance energy efficiency might involve augmenting the 

visibility of labels to improve their influence as a measure for energy use optimization 

(Sunnika 2005). 

2.4.2  Energy Performance Certificates EPC 
 

EPC’s inform prospective house tenants and owners about the energy performance 

level of a particular house and the systems within it. The certificate also offers 

information on how to enhance the energy performance of buildings (European 

Commissioner for Climate Action and Energy 2017). EPC’s must contain benchmark 

values and recommendations for gainful decisions, they should also be trusted by the 

people who use them (Schuitema, Aravena, and Denny 2020). An EPC is 
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advantageous because the benchmark value makes it easier for occupants to examine 

energy performance (Mudgal, Lyons, and Cohen 2013). Tigchelaar, Backhaus, and 

Best-Waldhober (2011) note that homes that had an EPC with recommendations were 

more likely to perform productive energy actions than those who had none or who 

were not aware of the presence of an EPC or its recommendation. However, further 

to this, a 3-year study conducted between 2008 and 2011 concluded that EPC’s play 

a minimal role in decision-making amongst households (Backhaus, Tigchelaar, and 

De Best-Waldhober 2011). With that, a reduced impact on homes could be attributed 

to the fact that EPC certificates were either not available, the dwellers were not aware 

of the usefulness or the certificates were beyond their comprehension. Because of 

this, researchers have since opined that the EPC would be more effective if it was 

noticeable, available and offered expressive and applicable information. In addition, it 

should be an active and engaging tool that can influence behavioural change through 

tailored information, advice and support (Backhaus, Tigchelaar, and De Best-

Waldhober 2011).  

A study conducted in the EU by Energy research Centre of the Netherlands revealed 

that 57% of homes from 4 out of the 5 participating countries performed one or more 

of the recommended tasks as contained on the EPC recommendation report (Adjei, 

Hamilton, and Roys 2011); 40% of participants who had an EPC had no 

recommendations and 44% of the control group who had no EPC also performed one 

or more tasks as contained on the  EPC recommendation report. This result was not 

enough to reach a conclusion on the ability of EPCs to change behaviour but indicates 

that some prospect for doing so exists in this area.  

2.4.3  Energy auditing 
 

Energy auditing tools can be used to offer energy consumers in specific locations the 

details they need to optimize their energy use habits. The information, which is 

provided by experts, is tailored to specific households, and can include personalized 

energy use, an impression on the environment, energy sources, energy use and 

money saving potential (Burgess and Nye 2008,Gangale, Mengolini, and Onyeji 

2013). Energy auditing is vital because humans struggle to relate their energy use to 

its commensurate environmental impact (Burgess and Nye 2008) thus energy auditing 

can be used to educate householders on energy conservation prospects (Schüle et 
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al. 2009). A seminal study in this area where tailored energy use information for 

heating and air conditioning was provided for householders saw the control group 

using 21% more energy than the intervention group (Barbu et al. 2013). However, the 

ability of energy audits to yield persistent consumer behaviour transition has not been 

proved. Overall, these studies highlight the need for longer energy audit exercises in 

order to give clearer cues on the effect on consumer behaviour and practices (Barbu 

et al. 2013). 

2.4.4  Prompts 
 

If current energy consumption rates are continued, it will hinder the UK government’s 

decarbonization plan (HM Government 2008). Prompts remind people about their 

commitments and drives them towards indulging in a repetitive energy efficient 

behaviour that they might have done previously or are inclined to carry out 

(Elsharkawy and Rutherford 2015). The reminder guides the subject towards recalling 

actions they might have forgotten or overcoming negative habits they are already used 

to (Bartram 2009). Such actions can include turning off lights when leaving a room or 

boiling only as much water as required for tea. Prompts which are either visual or 

auditory, can take the form of signs, posters, stickers, flyers and tags (Mckenzie-Mohr 

2008).  

A study that aimed to contribute to this growing area of research in increasing the 

purchase of environmentally friendly goods was conducted amongst some consumers 

buying items from specific shops (Linn, Vining, and Feeley 1994). Tags were placed 

under the products to identify those boxed in recyclable materials; consequently, 44% 

saw the tags while only 36% understood what the tags meant. The participants failed 

to buy goods packaged in green materials because some effort was required of them 

to comply (Bartram 2009). As discussed, for prompts to be effective, the user should 

be predisposed to a change in behaviour with the prompt acting as only a reminder. 

In addition, prompts should be obstructive and in close propinquity to the point where 

the user needs to make the decision to act (Austin et al. 1993). Thus it is argued that 

prompts are more likely to influence highly motivated persons and works best when 

used in conjunction with other measures (Bartram 2009).  The sustenance of 

behaviour changes long after an intervention was conducted with prompts have not 

been proved.  
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2.4.5  Norm appeals 
 

Norm appeals are ways of communicating ideal group standards in order for 

individuals to align with the standards. Norm appeals can be presented to energy 

users as messages and highly influential persons such as community leaders can also 

be recruited to promote norm appeals within their communities (Bartram 2009). Norms 

can appeal to a person’s morality or cause individuals to live up to the expectation of 

others (Abrahamse et al. 2005). Norms discovered by people can influence their 

behaviour and norm appeals have been found to result in sustained behavioural 

change (Jason, Zolik, and Matese 1979). Descriptive norms and moral appeal were 

applied in an OPower project that utilized data from 600,000 households across the 

United States (Allcott 2011). The mean intervention effect of the study was pegged at 

between 1.4% and 3.3% of the baseline consumption while savings of between 0.3% 

and 6.3% were attained. 

2.4.6  Commitments 
 

Commitments can be written or verbal, public or private, individual or group pledges 

(Bartram 2009). Commitments are productive when people are determined to ‘walk 

their talk’. They encourage behavioural change that can be encountered when people 

make efforts to take actions they believe in. Personal commitments can be driven by 

a moral obligation to keep to a promise; personal moral obligation or the expectation 

of others (Abrahamse et al. 2005).  

In an analysis of this energy user engagement approach, commitment was used to 

prompt homes to implement recommended changes proposed after home auditing 

activities (Aronson 1990). The post-audit information was personalized, and 

households were compelled to make commitments that were directly to do with the 

recommendations. The result showed that 61% of householders who were provided 

with the personalized energy audit kept to their words. Another study by Katzev and 

Johnson (1983) explored the effect of commitments on electricity use. The study 

showed that homes who received either a request to fill out questionnaires, a request 

to sign commitments or both used less energy than the control group. Interestingly; 

private commitments lead to higher energy conservation than public commitments 
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(Pallak and Cumming 1976). Changes because of commitments have been observed 

to last for almost a year after intervention (Pallak, Cook, and Sullivan 1980). 

2.4.7  Economic incentives and disincentives 
 

Economic incentives and disincentives are used to motivate people to take actions 

they would not have otherwise engaged in, also prompting individuals to carry out such 

actions frequently (CIBSE 2006, Rohling and Schubert 2013). Economic incentives 

and disincentives can be applied in the form of subsidies, levies, surcharges, taxes, 

bonuses, tax differentiations, tax refunds, financial instruments such as interest free 

loans, rewards and penalties (Barbu et al. 2013). Incentives can be used with other 

measures and financial rewards usually take the form of coupons, entry to a lottery, 

vouchers, cash payments, funding for energy efficient devices, marketing 

merchandise and free bus tickets (Bartram 2009).  

A study (Tools of Change - Guelph 2000 2008) that promised households free trees if 

they undertook energy conservation activities in their homes was carried out in 

Ontario, Canada. The shade tree program as it was called resulted in home upgrades 

to the tune of $1.3 million. However, the study did not account for the extent of energy 

savings the upgrades represented (Bartram 2009) and this highlights that one major 

drawback of this approach. A major drawback of this approach is that incentives do 

not last beyond the intervention period because participants return to their old ways 

when the reward ceases (Katzev and Johnson 1984). Incentives yield short term 

results and can be used in cases where it is required to tempt people to take part in 

surveys or make commitments towards a change of habits (Edwards et al. 2002). Cost 

benefit analysis and long-term follow ups could improve the quality of incentivised 

interventions (Bartram 2009). 

2.4.8  Feedback 
 

Feedback systems provide details that an energy user can refer to in order to find out 

about the various energy use information that is available. The purpose of the 

information is to prompt energy use alteration (Darby 2006) and the energy use 

feedback can be provided in the form of energy use cost, amount or CO2 footprints 

(Barbu et al. 2013). Direct feedback can be provided using smart meters, in-house 
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displays, real-time and interactive feedback on personal computers, consumption 

limiters, cost plugs and ambient devices (Wyon et al. 2006, CIBSE 2006, Pallak, Cook, 

and Sullivan 1980);  while indirect feedback can be provided in the form of bills, emails, 

SMS, energy reports by post and self-reading meters (Zvingilaite and Togeby 2015). 

Feedback can be provided frequently (e.g. Real-time or daily feedback) and data about 

other consumers can also be provided to serve as reference for a consumer, and 

introduce the feeling of competition. Feedback can also be computerized or provided 

via leaflets (Abrahamse et al. 2005).  

Zvingilaite and Togeby (2015) listed the advantages of frequent, extended, 

disaggregated and continuous feedback (Darby 2006) as building trust, confidence 

and a more user-centric rapport with customers by energy providers. This can be 

advantageous as consumers can be motivated to change their energy use behaviour 

if they trust their service provider to provide them with accurate information (DECC 

2011). However, the counter argument to this is that consumer confidence can be 

negated if they do not achieve their anticipated saving even after behavioural alteration 

(Hargreaves, Nye, and Burgess 2010). For the energy provider, this could be a good 

reason not to make promises to customers instead simply evidencing their existing 

successes (Lineweber 2011). Behavioural change requires an iterative process where 

consumers are observed and the engagement strategy adjusted to correspond to the 

feedback received, thereby splitting consumers into different segments (Gangale, 

Mengolini, and Onyeji 2013).  Investigation of consumers before, during and after a 

feedback intervention allows for a detailed understanding of behavioural change, 

consumer response and fulfilment (Gangale, Mengolini, and Onyeji 2013).  

Feedback systems provided by energy suppliers could be more effective if the social 

and cultural stimuli on energy consumption were brought into perspective with the help 

of visualization tools for appeal (Steg 2008, Lobaccaro, Carlucci, and Lofstrom 

2016,Roberts and Baker 2003). Direct feedback is more effective than its counterpart 

(Wyon et al. 2006, Pallak, Cook, and Sullivan 1980), although indirect feedback is 

cheaper to implement (Darby 2006). Initiatives that combine direct and indirect 

feedback with other measures have proved to be more effective in energy use 

behaviour transition and conservation (Barbu et al. 2013). 
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A literature review (Zvingilaite and Togeby 2015) of 39 feedback initiatives by EA 

Energy Analyses showed that savings of between -2  (increase in energy use)  and 18 

percent can be achieved when feedback is used. However, it is worth noting that some 

of these studies use feedback only, whilst others combined the feedback method with 

other approaches (CIBSE 2006, Pallak, Cook, and Sullivan 1980). EA Energy 

Analyses noted that the highest feedback successes were achieved with the use of 

interactive table-top feedback systems that displayed energy use, amount and cost; 

for example, prepaid meters and feedback that showed the collective cost of high 

energy devices such as the cooker. Table 2-2 summarizes some feedback 

interventions that were reviewed including a study that provided personalized 

information about the carbon footprint of energy users which showed that even though 

the participants gained knowledge on steps they could take to lessen their carbon 

footprint; this did not result in a reduction in energy use (Büchs et al. 2018). 

Table 2-2: Outcome of several energy use behaviour intervention initiatives 

Author Sample 

Size 

Duration 

(months) 

Feedback 

mode 

Feedback 

Provided 

Average 

Savings 

Post-

Intervention 

Behaviour 

Schleich et 

al. (2013) 

1525 12  Web portal 

and 

written by 

post 

Electricity 

consumption, 

cost and 

saving 

measures 

4.51% Not 

Reported 

Schleich et 

al. (2011) 

2091 12 Web portal 

and 

written by 

post 

Electricity 

consumption, 

cost and 

saving 

measures 

3.7% Not 

Reported 

Benders et 

al. (2006) 

300 5 Web-

based 

application 

Questionnaire 

measuring 

energy 

requirement 

at the start of 

8.5% of 

direct 

energy 

use; 4% 

of indirect 

Not 

Reported 
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experiment, 

information 

on how to 

reduce 

energy and a 

feedback 

showing the 

effect of the 

changed 

behaviour 

energy 

use 

DECC 

(2015) 

6070 for 

electricity; 

5145 for 

gas 

12 In-Home 

Display 

Electricity and 

gas 

consumption, 

cost 

Electricity: 

2.3%; 

Gas: 

1.5% 

Not 

Reported 

Carroll, 

Lyons, and 

Denny 

(2013) 

672 12 Monthly 

statement 

Electricity 

consumption, 

cost and 

advice 

received on 

Monthly bills 

2.9% Not 

Reported  

Carroll, 

Lyons, and 

Denny 

(2013) 

636 12 In-house 

display 

Real-time 

consumption, 

cost and tariff 

information; 

bi-monthly 

bills 

2.1% Not 

Reported 

Carroll, 

Lyons, and 

Denny 

(2013) 

656 12 Bi-Monthly 

statement 

Electricity 

consumption, 

cost and 

advice 

received on 

bi-monthly 

bills 

0.4% Not 

Reported 
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Rinn et al. 

(2012) 

91030 for 

electricity; 

91040 for 

gas 

36 Web portal 

and 

written by 

post 

Comparative 

feedback; 

consumption 

reduction tips 

Electricity: 

1.4%; 

Gas: 

0.6% 

Not 

Reported 

Podgornik, 

Sucic, and 

Blazic 

(2016) 

111 24 Web 

portal; In-

house 

display 

Electricity 

consumption, 

cost and CO2 

footprint; 

energy saving 

measures 

24.5% Not 

Reported 

 

2.4.9  Community-Based Interventions 
 

Interventions at a community level have the tendency to yield sustained behavioural 

change because they produce new, pro-environmental and social norms. Such 

communities can comprise of people who live in the same neighbourhood or people 

who have things in common (e.g. faith, social group, pro-environment ideology). In 

practice, this usually involves a group of people making unified decisions to change 

certain energy use habits that can lessen the impact of their lifestyle on the 

environment and optimize energy use (Barbu et al. 2013). They meet often to share 

information about decent energy use practices amongst themselves and obtain pro-

environment information from experts. The information offered by experts helps the 

group members to make individual and collective energy use decisions (Barbu et al. 

2013). Table 2-3 shows the outcome of 4 community-based interventions as reported 

by Fisher and Irvine (2010) named; EcoTeams, Netherland (Staats, Harland, and 

Wilke 2004); EcoTeams, UK (Benders et al. 2006, DECC 2015a); Carbon Rationing 

Action Groups, UK (Carroll, Lyons, and Denny 2013, Rinn et al. 2012) and Green 

Street, UK (Lockwood and Platt 2009). These studies saw an average carbon footprint 

reduction of 20% within a year (Fisher and Irvine 2010); whilst post-intervention visits 

to the EcoTeam, Netherland participants showed that the earlier adopted behavioural 

change remained sustained at approximately 2 years after the exercise (Barbu et al. 

2013).  In addition, 50% of the savings encountered in the Green Street project was 

attributed to behavioural change (CIBSE 2006, Podgornik, Sucic, and Blazic 2016).  
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The reviewed literatures highlight the effectiveness of combining community 

interventions with other measures such as feedback, self-meter reading  and 

incentives (CIBSE 2006, Carroll, Lyons, and Denny 2013, Podgornik, Sucic, and 

Blazic 2016). The most successful of all of the interventions was the combination of 

the municipal initiative with financial rewards devoted to energy efficiency propagation 

(CIBSE 2006, Schleich et al. 2013). The main reason why community initiatives were 

successful was because participants wanted to associate themselves with the 

communal activities given that positive behavioural changes were taking place (Barbu 

et al. 2013).   

Table 2-3: Highlights from 4 community-based initiatives (DECC 2011) 

Programme Number of 

Participants 

Reduction 

(%) 

Carbon 

Reduction 

(%) 

2 years 

post-

intervention 

reduction 

(%) 

Data 

Collected  

UK 

EcoTeams 

1096 Electricity: 7 

Gas: 21 

17 Positive 

outcome, 

value 

unreported 

Meter reading 

by participants 

Netherland 

EcoTeams 

150 Electricity: 7 

Gas: 23 

Unreported Electricity: 

16.5 

Gas: 7.6 

Meter reading 

by participants 

Carbon 

Rationing 

Action 

Groups 

50 Unreported  27 Unreported Meter reading 

by participants 

Green Street 64 Energy: 25 23 Unreported Meter reading 

by British Gas 
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2.4.10 Benchmarks 
 

Benchmarks act as yardsticks that provide energy consumers relative information 

about the amount of energy used by other homes. The response of households to 

benchmark information is usually dependent on the income of the household, and the 

distinction between the home’s energy bill and the neighbourhood benchmark (DECC 

2011). A research study was carried out amongst 49 consumers across the UK by 

IPSOS MORI on behalf of DECC to find out the perception and effectiveness of affixing 

energy use benchmarking data to energy bills (DECC 2011). The outcome of the study 

showed that the preferred benchmark was the average energy consumption cost of 

the locality (Katzev and Johnson 1984, CIBSE 2006). The study also exposed the 

participants to benchmark information on 10% and 20% of the highest and lowest 

energy consumed in the locality alongside the favourite choice. The investigation 

revealed that benchmarks are likely to be more effective if the consumers understand 

the purpose and trust the source (e.g. government, service provider). For example 

comprehending when the consumer energy bill exceeds the neighbourhood 

benchmark and household revenue is low compared to the bill. In addition, 

benchmarks are likely to be more effective if the benchmark details are visible on the 

energy bill. 

2.4.11 Goal Setting 
 

Households can decide on energy saving goals or reference points they want to 

achieve and commit themselves to attaining these. Goals are advantageous because 

they can result in sustained behavioural change long after the intervention (De Young 

1993); especially if the goals are set by the participant (McCalley and Midden 2002). 

These goals can be set and retained on displays or recalled from memory but research 

has shown that more energy can be conserved if goal setting is used alongside 

feedback systems (CIBSE 2006, Nye and Burgess 2008). Feedback and goal setting 

are closely related and share a number of key features (Klein 1991). They both cannot 

attain maximum productivity independently (McCalley and Midden 2002) and logically 

goal setting requires feedback in order to keep users informed about how they are 

faring (Abrahamse et al. 2005). The potency of feedback is drastically reduced without 

goal setting.  This is evidenced in research trials including a washing trial which was 
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carried out amongst 100 households in Eindhoven, Netherland to find out how goal 

setting in addition to feedback influences energy use (McCalley and Midden 2002); 

the outcome as reported on table 2-4 shows that goal setting was used to attain an 

average energy saving of 20.7%.  

Table 2-4: Outcome of a wash to find out how goal setting and feedbacks influence energy 

consumption (McCalley and Midden 2002) 

No of 

Participant

s 

Study 

Method 

Study 

Groups 

Baseline 

energy 

Consumption

/ wash (KWh) 

Average 

energy 

consumption

/ wash (KWh) 

Energy 

Saving

s (%) 

100 

participant

s (25 per 

group) 

10 wash 

trials were 

used to set 

baseline 

of energy 

use per 

wash; 

while 20 

wash trials 

were used 

for the 

actual 

experimen

t 

No 

feedback, 

no goal 

(control 

group) 

0.9 0.8 Not 

availabl

e 

Feedback, 

no goal 

(control 

group) 

0.91 0.81 Not 

availabl

e 

Feedback, 

self-set 

goal 

(interventio

n group) 

0.92 0.73 21.9 

Feedback, 

assigned 

goal 

(interventio

n group) 

0.86 0.68 19.5 
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2.4.12 Serious games and Gamification 
 

Gamification provides householders (in this context) with models, simulations and 

examples of recommended energy use behaviours with the hope that they will be 

adopted if meaningful, worthwhile, reasonable and appropriate for the gamer (Howell 

2009, European Commission 2018). Games have been used in the past for learning 

and offer a glimmer of hope in human energy-use behaviour transition because people 

have been known to consciously or unconsciously adopt or exhibit certain traits based 

on examples they encounter (Bandura 1977). Games can be used to target 

environmental education, consumption awareness and energy efficiency behaviours 

amongst their users (Morganti et al. 2017). Most gaming studies have taken place 

amongst young people or students in schools as serious games can be used to teach 

young people about the complications behind energy conservation, environmental 

sustainability, and improved energy use behaviour. Serious games can also be used 

to stimulate environmentally friendly behaviours in an exciting way (Knol and de Vries 

2011).  

An approach that engages young people is vital because raising their awareness can 

influence energy use in schools and homes; improving future energy use given that 

today’s young people are tomorrows energy users. That being said, Gustafsson et.al 

(2009) investigated the influence of a pervasive mobile serious game called ‘Power 

Agent’ in promoting energy efficiency behaviours in homes (Gustafsson, Katzeff, and 

Bang 2009). The premise of the game was that the players were special agents 

designated to specific tasks in the form of energy efficiency activities. The game is 

linked to residential smart meters and was expected to stimulate teenagers and their 

families in order to minimize energy consumption. The game which transformed the 

home and its facilities into a learning environment and encouraged engagement 

through team rivalry was evaluated for 10 days amongst two trial teams (3 teenagers 

per team) and their parents. The outcome indicated that the game inspired and 

engaged the players and their families to an extent where they modified their daily 

energy consumption patterns for as long as the trial lasted. The median electricity 

savings for the two trial groups were 15.7% and 28.8%. 

 



46 
 

 

Petersen et al. (2007), Odom, Pierce, and Roedl (2008) then went on to use the 

feedback and instructive information from this to promote behavioural change amongst 

dormitory students (Klein 1991, Bandura 1977). In doing so, Peterson et al. (2007) 

saw an overall electricity use reduction of 32% while Odom et al. had an estimated 

avoidance of 33,008 Kilowatts per Hour of electricity compared consumption over the 

past 3 years. Knol and De Vries (Morganti et al. 2017, Knol and de Vries 2011, Odom, 

Pierce, and Roedl 2008) trialled a serious game called Enercities amongst secondary 

school students. The study intention was to make the students more environmentally 

knowledgeable and support them to conserve more energy at home. The trial noted 

an improved awareness and positive attitude towards everyday energy related 

behaviour amongst the students.  

This finding broadly support the work of other studies in this area such as Power Agent 

(Gustafsson, Katzeff, and Bang 2009), Power Explorer (Bång, Svahn, and Gustafsson 

2009), Energy Battle (Geelen et al. 2012) and Social Power (Castri et al. 2016); other 

serious games tailored towards energy user behaviour transition. Previous 

observations and research using these games have all attempted to explore either the 

use of real time consumption feedback, conservation tips, knowledge about home 

appliances, energy consumption aggregation information, rewards, competition, or 

collaboration in a game setting to increase energy user awareness. All intervention 

findings were recorded with varied degrees of success. Table 2-5 shows vital 

information about serious games and gamification interventions.
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Table 2-5: Table showing important details from some serious game and gamification interventions 

Author Name of Game (type of game) Nature of study Target Area Outcome Post-

intervention 

behaviour 

Geelen et al. 

(2012) 

Energy Battle (Online gamified 

platform) 

20 student-households were 

provided with direct feedback 

and an online platform with 

energy feedback over time, 

ranking of the competing 

teams, tips and a game 

All-inclusive 

intervention 

Average savings 

of 24%; Maximum 

savings of 45% 

Energy 

consumption 

increased in 

most of the 

homes, but 

consumption 

stayed below 

the baseline 

measurement 

used for the 

intervention 

before the 

start of the 

game 
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Gustafsson, 

Katzeff, and 

Bang (2009) 

Power Agent (Mobile serious 

game) 

2 teams consisting of 3 players 

and their families played the 

game. Electricity consumption 

data from the players’ homes 

is collected, calculated and 

transformed to graphical 

feedback  

Energy 

Efficiency 

Behaviour  

Average energy 

savings of 22%; 

maximum energy 

savings of 

75% (Gustafsson, 

Bång, and Svahn 

2009) 

Not reported 

Petersen et 

al. (2007), 

Geelen et al. 

(2012) 

Power Explorer (mobile serious 

game) 

15 intervention and 20 control 

players and households were 

used. The study used a 

pervasive game connected to 

the players own energy 

consumption to target long-

term sustained learning and 

behaviour changes. Players 

were provided real-time 

feedbacks and a game 

Energy 

Efficiency 

Behaviour  

Average savings 

of 16% 

Average 

savings of 

14% 

Kjeldskov 

et al. (2012) 

Power Advisor (Gamified mobile 

app) 

Power usage was monitored, 

and interviews conducted 

amongst 10 householders 

over a seven-week study 

Energy use 

awareness 

No numerical 

results were 

presented; 

however, the 

Not reported 
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report stated that 

substantial 

understanding of 

own power 

consumption was 

gained by 

interacting 

with Power 

Advisor.  

Knol and de 

Vries (2011) 

Enercities (Online serious game) Participants were divided into 

a intervention group of 325 

persons who were provided 

with Enercities and a control 

group of 328 participants 

without the game 

Environmental 

education 

Participants in the 

intervention group 

knew more about 

the effect of some 

behaviours than 

those in the 

control group. 

This include 

turning off the TV 

rather than using 

standby mode, 

switching off 

Not Reported 
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lights in 

unoccupied 

rooms and taking 

shorter showers  

Orland et al. 

(2014) 

Energy Chicken (online serious 

game) 

Study carried out with 61 

resident workers. 288 

appliances were monitored for 

24 weeks using plug load 

sensors. Members of the 

intervention group played the 

game and received energy 

savings posters; the control 

group received energy 

savings posters only.  

Energy use 

awareness 

Plug load energy 

consumption 

decline of 13% 

from baseline 

(23% on non-

work days and 

7% on work 

days); 69% of 

game participants 

showed that the 

game improved 

their energy 

consciousness 

Not reported 

Ro et al. 

(2017) 

Cool Choices game (social game) A total of 1975 persons 

partook in 2 large-scale field 

studies. Study 1 sort to sustain 

energy use reduction after the 

All-inclusive 

intervention 

Average energy 

savings of 4% 

compared to 

The effect 

lasted up to 

six months 
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intervention; study 2 tried to 

increase knowledge and 

awareness of individual 

energy use and sustainability 

other residence in 

the area 

after the 

intervention 

Wemyss et 

al. (2016) 

Social Power (social game) 46 players were assigned to 

either a competitive interface 

team (comparing savings, 

points earned and badges 

between the two cities 

involved) or a collaborative 

interface team (showing how 

the personal city was close to 

its goals and the activities 

completed towards the goals). 

The control group was not 

provided the app 

All-inclusive 

intervention 

Average energy 

savings of 4% 

and 5.5% was 

attained by the 

competitive and 

collaborative 

teams 

respectively 

compared to 

average energy 

use for the control 

group which 

increase by 16% 

Not reported 
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2.5 Comfort and energy requirements in the indoor 

environment. 
 

The energy performance of a building is considerably influenced by occupant 

behaviour. This includes practices such as the opening of windows and adjustment 

of thermostats (Soebarto and Williamson 2001, Macintosh and Steemers 2005, 

Hoes et al. 2009). In 2010, approximately 61% of total energy consumption in UK 

homes was used to maintain a healthy and comfortable indoor environment 

through heating, ventilation, and air conditioning (DTI 2011). The extent of energy 

used for heating was identified to have socioeconomic determinants such as age, 

family size, income, house size and ownership status (Sardianou 2008). Studies 

have also shown that at the extreme, people have the capacity to be comfortable 

in temperatures between 10 and 35 degrees Celsius or more (Nicol and Roaf 

2017). Therefore, attaining optimal energy use without compromising comfort may 

in fact, require adaptive behaviours from the households.  

Nicol and Humphreys (2002) described the adaptive principle as the various ways 

in which people respond to restoring comfort after a change occurs that creates 

discomfort. In this context, adaptation can be attained by either altering the 

environment to make it more comfortable through adjusting the thermostat or 

adjusting to the prevailing environment by taking actions such as dressing up in a 

more favourable way, opening windows or having a hot or cold drink. Altering the 

environment differs from taking actions to adjust in an important way. The former 

has a direct impact on energy consumption, while taking actions to adjust to the 

prevailing environment does not impact energy consumption directly. All things 

considered however, the adaptive reactions of building occupants could vary with 

indoor and outdoor thermal conditions (Liu, Yao, and McCloy 2014). Liu, Yao, and 

McCloy (2014) further discovered that habits, indoor and outdoor thermal 

conditions could affect occupant technological and personal adaptive reactions. 

Between 64% and 68% of disparity in the opening of windows evidence the impact 

of window opening on energy consumption (Brundrett 1977). Other studies also 

identified variables such as the seasons and daily weather variations which play a 

role in how often windows were opened (Wallace, Emmerich, and Howard-Reed 

2002). Indoor temperature was posited by Haldi and Robinson (2008), and Herkel, 
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Knapp, and Pfafferott (2008) as a driver for window opening behaviours. Additional 

drivers that contribute to window opening behaviours include poor IEQ, noise, and 

rain (Johnson and Long 2005). To counter the disparity in the opening of windows 

and the impact of this on energy consumption, staying cool in the summer can be 

achieved using passive cooling strategies which reduce or eliminate the use of 

energy intensive technologies (Schooling et al. 2010). Passive strategies can 

include adjusting windows and ventilations systems in a way that allows indoor 

temperature to follow the outdoor temperature or insolating the outside 

temperature from the inside to a level that occupants find comfortable.  

Energy requirements for indoor heating and cooling could be minimized if 

households varied the nature of clothing worn at home rather than adjusting 

thermostats on heating or cooling appliances (Schooling et al. 2010). This could 

be achieved by using clothing more adaptively to suit the indoor environment. As 

an example, a  t-shirt and skirt when replaced with warmer clothing could achieve 

similar thermal comfort as lowering temperatures by 5 degrees Celsius in the 

heating season.  Newsham (1997), in agreement with this concept, observed that 

the use of clothing insulation by householders could result in energy savings of up 

to 41%. In contrast however, a counter observation by Baker and Standeven 

(1996) suggested that energy savings of up to 41% could not be achieved without 

occupants compromising on their thermal comfort.  

A study conducted amongst houses with identical layouts observed that the homes 

with the lowest energy consumption had the lowest average temperature. This 

meant that the householders had saved energy by lowering their heating settings 

(Maier, Krzaczek, and Tejchman 2009), implying that some of the households that 

used more energy might have done so by possibly overheating their homes 

(Peacock, Jenkins, and Kane 2010, Porritt et al. 2011, Jenkins et al. 2011, McGill 

et al. 2017). Overheating practices can be detrimental to health, comfort and 

productivity (Brown et al. 2010) and be caused by urbanization (Porritt et al. 2012), 

housing design (Gupta, Barnfield, and Gregg 2017) and climate change 

(Committee on Climate Change 2019). Many analysts now argue that no matter 

what the cause, it is the responsibility of occupants to make their environment 

conducive, and this has to be done with adaptive approaches that do not further 

endanger the environment.  Nicol and Humphreys (2010) foresee a future when 
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thermal requirements may stipulate a range of thermal comfort approaches that 

will not entail the adjustment of indoor condition parameters. 

2.6 Domestic Energy Interaction Technologies 

Several technologies have been used by academics and the industry to make 

home resources management, monitoring and control more intuitive, 

computerized, and interactive. Studies suggest that these technologies are 

effective and can support the gaining of insights into household resource 

management behaviours (Prindle and Finlinson 2011). These technologies have 

evolved over the years and form part of the smart home advancement (Perumal, 

Ramli, and Leong 2008) which are hinged on progresses in the domain of 

electronic and communication systems, and devices that offer mobility and 

ubiquitous services (Singh, Payal, and Bharti 2019). Devices when interconnected 

in the cyber physical space can be called the Internet of Things (IoT). IoT “is a 

combination of multiple domains like WSN, sensor technologies, ubiquitous 

distributed computing, CPS, ICT, networking, big data, data analysis & processing, 

data security & privacy, machine learning, AI, and whatever domain one can think 

of” (Singh, Payal, and Bharti 2019).  

The IoT paradigm as an emerging technology consists of “things”, where a thing 

can be anything; an object or entity with distinct identification mechanism (such as 

RFID tags) that is addressable, and has the potential to communicate and form a 

dynamic network with global scope (Atzori, Iera, and Morabito 2010). The 

interconnection of intelligent devices and systems in different sectors in a 

fundamentally new way, enhances productivity, efficiency, sustainability, and 

quality of life (Geng 2017). These advancements in IoT have also led to a surge in 

sensor deployment and connected devices for smart home technologies, and other 

sectors (such as healthcare, utilities, transport, etc.) (Singh, Payal, and Bharti 

2019, Sundmaeker et al. 2010).  

 

https://www.sciencedirect.com/topics/computer-science/wireless-sensor-networks
https://www.sciencedirect.com/topics/computer-science/machine-learning
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Figure 2-2: Typical Smart home Architecture 

The smart home technology as used for this intervention, is an aspect of ubiquitous 

computing within an intelligent space that utilises ambient astuteness to ensure 

comfort, healthcare, safety, security and energy conservation in the home 

environment (Alam, Reaz, and Ali 2012, Lobaccaro, Carlucci, and Lofstrom 2016). 

It augments everyday living by providing householders with monitoring systems, 

computerized appliance control, appliance interconnectivity and assistive services 

either locally or remotely from a control centre. The home area network (see 

architecture on Figure 2-2) performs these services by communicates with smart 

devices (sensors and smart meters) for data collection, storage and analysis 

(Usman and Shami 2013). Some of these interconnectivities between appliances 

and devices can be done using the IoT. The technologies that make up a smart 

home performs functions such as information display, data transmission, data 

acquisition, data storage and data analysis. 
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2.6.1  Information Display and Advanced Metering 

Technology 
 

These are the technologies that display feedback for householders. This can 

include multimedia technologies such as LCD, LED and plasma display (Alam, 

Reaz, and Ali 2012). These multimedia technologies are key because the 

importance of feedback in energy savings cannot be over emphasized. Feedback 

is considered as a learning tool because it makes people aware of information that 

is not normally available to them. Furthermore, its content can be augmented by 

further advice and additional information (Darby 2006). Contemporary feedback 

technology includes the smart meter or advanced metering, in-home display (IHD), 

home energy monitoring system (HEMS), online utility-processed feedback, cost 

plugs, ambient devices, smart phone applications or display (Darby 2006). The 

extent of savings is dependent on the technology in use (Burgess and Nye 2008) 

and the purpose of these tools is to help its users make informed and responsible 

choices about energy use after they have been provided with information such as 

real-time electricity use including cost, periodic consumption and cost (daily, 

weekly and monthly), social comparison, maximum, minimum and average 

consumption, consumption forecast and proposed cost, alternative operation 

schedule and cost implication (Burgess and Nye 2008, Chou and Ngo 2016).  

Energy monitoring through metering is conceivably the most understandable tool 

for consumption feedback and has been influential in making energy use more 

sustainable (Burgess and Nye 2008). This is because it provides real-time 

consumption feedback that can drive consumers towards better consumption 

habits which are most effective if provided in an easy to understand and relevant 

format. The Smart meter or advanced metering is a two way communication (utility 

and consumer) electrical “metering system that records customer consumption 

(and possibly other parameters) hourly or more frequently and provides for daily 

or more frequent transmittal of measurements over a communication network to a 

central collection point” (Ferc 2008, Chou and Ngo 2016). The customer can be 

billed through information provided by the meter; they can also be provided with 

real time or near real time consumption information (Chou and Ngo 2016). The 

smart meter is an important part of the smart-grid infrastructure. Its two-way 
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communication system ensures that consumers always receive their bills and 

promotes integration with microgeneration technologies. Its introduction to homes 

will gradually eliminate the use of pricier prepayment meters (Burgess and Nye 

2008). During intervention projects, smart meters offer researchers a view of 

consumer’s response to various engagement approaches (Gangale, Mengolini, 

and Onyeji 2013). This view can be further processed and returned to the user 

through an IHD, EMS or online utility-processed feedback. The information can be 

used as a reference point for energy use appraisal and behaviour change (Burgess 

and Nye 2008). 

2.6.2  Data acquisition 
 

Smart homes depend on data capturing and monitoring devices such as sensors 

to apprehend the state of various parameters within their environment. Sensory 

networks are prone to noise, hence, the need to improve detection accuracy (Alam, 

Reaz, and Ali 2012). Sensors necessitate a series of recurring, isochronous and 

instantaneous minute data exchange. They can be used to quantify physical 

measures that are subsequently transformed to more familiar digital signals for 

storage and processing. They communicate through wired or wireless networks 

via wired sensors which are interconnected by cables to each other and to other 

devices within their network. Wireless sensors use micro and compact electro-

mechanical technology and nanotechnology to offer continuous, mobile, high-

resolution, and ubiquitous sensing services. They are more flexible than their wired 

counterparts (Flammini et al. 2009) and figure 3 shows the architecture of a sensor. 

The transceiver connects the sensor node with other nodes on the network whilst 

the processing unit manages, and processes data retrieved by the sensor unit. 

The sensor unit observes precise phenomenon (depending on its task) while the 

power unit supplies voltage for the entire unit. Wireless sensors require localization 

and timer functionalities to support random positioning (Abozahhad, Farrag, and 

Ali 2015, Flammini et al. 2009) and sensors have restricted computational 

properties because of cost and dimensional limitations; power consumption are 

also kept low to ensure activity sovereignty.  
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Wireless sensor networks (WSN), a technology that has gained credence in the 

last few years, connects sensor nodes by integrating its sensing, communication 

and computational abilities to a meshed system; this system consumes less 

energy and is inexpensive (Macedonio and Merro 2014, Khan et al. 2014, Yaqoob 

et al. 2016). The characteristics of the wireless sensor networks (WSN) makes it 

useful for data capturing within the home.  

The Advanced Metering Infrastructure (AMI) is another data capturing technology 

in the home environment. It conveys data between the home energy meter and a 

utility control centre or database (Usman and Shami 2013). The AMI is one of the 

enabling technologies and the main source of domestic data for the smart grid 

technology. The AMI infrastructure comprises of the smart meter, a communication 

and control systems (Depuru et al. 2011). The AMI installs smart meters and other 

measuring devices at the consumer side of the power grid (Karnouskos, Terzidis, 

and Karnouskos 2007).  

The smart meter gathers and provides utility companies with electricity 

consumption data in real time or at intervals (e.g., every 15 minutes). Unlike the 

conventional energy meters, the smart meter has a bidirectional communication 

system with information flowing towards the consumer from the utility company 

and vice versa. This information offers a deeper understanding of daily, weekly 

and monthly consumer energy use profiles and behaviours (Yang, Zhou, and Shen 

2013) and also enables remote implementation of tasks and collection of 

diagnostic data from homes (Depuru et al. 2011). In the long run, this amasses to 

a huge amount of data which grows exponentially. The AMI is one of the major 

drivers of energy microgeneration. Some other advantages of the AMI is that it 

offers efficient grid network and perceives unsanctioned grid access (Depuru, 

Wang, and Devabhaktuni 2010). 

2.6.3  Data Transmission 
 

In a smart home or smart grid scenario, the various data collected from the homes 

are transmitted through a communication network to a central controller for storage 

and further analysis. The same information can be returned to the homes on 

interactive displays or for the control of home devices (Lobaccaro, Carlucci, and 
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Lofstrom 2016). This data is confidential and should be handled with caution; thus 

guidelines exist that ensure the security and channel of the information contained 

(Depuru et al. 2011). Components such as routers, Ethernet switches, 

programmable controllers, Bluetooth converters, repeaters, antennas and Wi-Fi 

signal extenders are set up in homes and along the network channel for data 

transmission tasks (Chou and Ngo 2016). Telecommunication and internet 

protocols aid the interaction between the various components. The communication 

system makes provision for automated power network monitoring, management 

and optimization and these technologies are either wired, wireless or hybrid. Out 

of the three, the wired technology is more reliable and secure because cables are 

easier to protect from interference and eavesdropping. The cost of deployment 

and maintenance of the wired technology is lower compared to the wireless 

technology. As a counter debate, wireless solutions enjoy low installation costs 

and flexible deployment with minimal cabling. The wireless platform can make it 

easier to deploy a communication network around wide areas and locations 

without prior infrastructure. Advancement in broadband wireless technologies 

mean that it now offers data rates and network capacities that are analogous to 

the wired network. In addition, the flexibility of the wireless technology makes it the 

preferred choice for communication in homes.  

The wired protocols utilize either electrical power lines, phone lines (Asymmetrical 

Digital Subscriber Line- ADSL), Integrated Services Digital Network (ISDN) lines, 

optical fibres or twisted pair cabling (Mendes et al. 2015). The wireless 

transmissions use Radio Frequency (RF), ISM (Industrial, Scientific, and Medical) 

bands and mobile broadband whilst the hybrid protocols combine the functionality 

of the wired and wireless transmission channels. 

2.6.4  Data Storage 
 

The data retrieved from the smart meters, sensors and actuators is transferred to 

dedicated servers throughout the communication network (Chou and Ngo 2016). 

These servers hold historical, real-time, pre-processed, and post-processed data 

that can be displayed graphically for consumers through a web interface. The 

storage system utilised is a hardware system managed by software called 
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Database Management Systems DBMS. Data storage hardware technologies 

have evolved over the years, to include magnetic, optic and semiconductor storage 

devices. Popular magnetic storage devices include the floppy and hard disc drives. 

The optic storage devices are the compact disc and DVD while semiconductor 

devices include the flash drive. These storages can be used in PCs or servers and 

examples of database management systems include MySQL, Microsoft SQL, 

Oracle, SQLite.  

Cloud storage comprises of storage resources that are virtually distributed across 

various data centres around the world. It has gradually proved to be a successful 

data storage paradigm, and enables ubiquitous, convenient, on-demand access to 

storage services (Mell and Grance 2011, Gajjam and Gunasekhar 2021, 

Calheiros, Ranjan, and Buyya 2011). Cloud service providers are responsible for 

the provision of storage services in a manner that is affordable, secure, scalable 

and consistent. These service providers are also responsible for recovery 

management (Batista et al. 2011). Some of the popular cloud computing platforms 

are Microsoft Azure, Google cloud, Amazon Web Services, Apache Spark. 

2.6.5  Data Analysis 
 

Structured and unstructured data received from homes can be analysed after 

storage in order to make intelligent decisions about the home in question, in line 

with the purpose for which the system has been designed. This analysis could be 

undertaken in the form of data mining for example, visualization, statistical analysis 

and machine learning (Khan et al. 2014).  

Data mining is one of the most important aspects of data analysis because of its 

ability to extract knowledge from large scale data, in the form of insights and 

patterns. Machine Learning is another information extraction and analysis 

technique that has garnered recent popularity (Mohammadi, Behnood, and 

Arashpour 2020). Machine learning for analytic purposes, builds learning skills into 

machine models through dataset observation and training (Jordan and Mitchell 

2015); its application areas are classification, prediction, data analytics, 

regression, extraction, clustering, learning association, image and speech 

recognition, etc. However, it is most suitable for data prediction and analytics 
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where historical datasets are used to gained insight on future occurrence 

(Ramprasad et al. 2017).  

The frequently used machine learning algorithms for diverse circumstances are K-

means, linear support vector machines (LSVM), logical regression (LR), Locally 

Weighted Linear Regression (LWLR), Gaussian Discriminant Analysis (GDA), 

Back-Propagation Neural Network (BPNN), Expectation Maximization (EM), Naïve 

Bayes (NB), and Independent Variable Analysis (IVA). These algorithms have 

unique features and applications. Some models are considered shallow learning 

models (e.g., K-Means, LSVM, VR) while others are deep learning models (Tu et 

al. 2017). Shallow learning models are used for simple problem optimization while 

deep learning models address problems within multi-layer hierarchical structures. 

Deep learning models can further be divided into supervised and unsupervised 

deep learning. 

2.7 Summary 
 

The summary of the review is as follows: 

• Studies showed that energy labels can change energy use behaviour but 

little evidence exists to prove its effectiveness. Thus, a conclusion cannot be 

reached on the capability of this technique to change energy use behaviour 

at this time. 

• Energy Performance Certificates just like energy labels were observed as 

having minimal effect on energy use behaviour change. the effect of EPC’s 

can be improved if they are more visible, available and offer expressive 

information. 

• Longer energy audit exercises have been recommended because there is 

not yet substantiation that of prolonged behavioural change.  

• Prompts can achieve the best results if the user is intrinsically motivated to 

change habits, predisposed to a change in behaviour or the prompt is 

obstructive. Prompts works well when combined with other measures such 

as feedback and for simple tasks such as putting of the light switch when 

exiting a room and lowering the temperature setting of a washing machine.  
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• Norm appeals and commitments yield sustainable change in habits because 

they appeal to a persons moral code. Private commitments have better 

results than public commitments and savings of between 0.3% and 6.3% 

were observed during a case study involving norm appeals. 

• Economic incentives are effective for as long as the reward is being received 

by the participants. They can also be used to prompt commitment towards 

exhibiting a particular behaviour trait. 

• Feedback is at it’s best when combined with other tools such as 

commitment, benchmarking or goal setting. Frequent, continuous, 

disaggregated feedback has been identified as effective for energy saving. 

Savings of between 0.4% and 24.5% were attained in the reported social 

interventions. 

• Community-based interventions can reach more people in specific vicinities 

if all participants are cooperative and commited to pro-environment 

ideologies. It is also effective if most community members, especially 

decision makers, are pro-environment. Community-wide initiatives saw 

carbon footprint reductions of between 17% and 27% and positive energy 

use behaviour was reported 2 years after the intervention. 

• Benchmarking and goal setting set reference points for the energy user to 

achieve. Goal setting increases the success rate of feedback interventions 

as the feedback provided act as a target for the energy user. Savings of up 

to 21.9% can be attained by setting goals. Benchmarks on the other hand 

require more visibility on energy bills and to be presented in a way that can 

win the trust of energy users. 

• Gamification is a fast growing movement and has the potential to influence 

the younger generation who are tomorrows energy users. Average energy 

savings of between 4% and 24% have been reported from gamification 

initiatives. 

• The energy performance of a building is considerably influenced by actions 

and behaviour exhibited by occupants when trying get comfortable in the 

home. 
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• Advancement in smart home technologies and IOT has made it easier for 

households to interact with the energy and environment resources and 

variables around their homes. 

2.8 Suggestions 
 

The following solution suggestions propose ways of improving energy behaviour 

change interventions on the grounds of information obtained from the reviewed 

publications. Some acts that can be performed by researchers and householders 

for more effective energy social intervention outcomes are mentioned below: 

• Thorough intervention planning, practice and evaluation can be 

instrumental in engaging energy end-users and maximizing the output of 

trials. Good practices can include the combination of complementary 

measures (such as feedback and commitment), a sufficient number of 

participants used for interventions in order to yield an acceptable 

conclusion; the recruitment process without bias (better results can be 

attained by randomly choosing participants). 

• The approach for evaluating the usefulness of an interventions should be 

focused on the transition of behavioural determinants and energy-related 

behaviours. Understanding behavioural determinants and energy-related 

behaviours can give deeper insight into why interventions succeeded or 

failed. 

• The success of an intervention is most appreciative if the change in habits 

become a way of life among participants and continues long after the end 

of the initiative. Thus, it is imperative for researchers to monitor the after 

effects over time. 

• It would be beneficial for researchers to monitor any occurances of spill-

over and hawthorne effects during interventions. Identifying these effects 

provide a more accurate evaluation of the study carried out without the risk 

of over or under exaggeration. 
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• Incorporating written commitments into interventions is of utmost 

importance. This is because people are motivated to stick to their words 

once they have made a pledge or reached an agreement with others. In 

rare cases, householders can be allowed to decide what they choose to 

commit to, as people are likely to perform actions based on what they 

believe in. 

• Labels are now standard practice in most countries. However, their ability 

to transform energy use behaviour change will require manufacturers to 

make labels that are more visible, understandable and applicable. It would 

be advantageous for householders to focus on the cost of appliance over 

its useful life rather than its cost in the short term. 

• Energy Performance Certificates just like labels have become a standard 

for countries around the world; thus, EPCs should be made available to 

householders as stipulated by law. In addition, government agencies should 

educate householders on the importance of EPCs. The EPC should always 

contain recommendations on how houses can be made more energy 

efficient; and householders should be encouraged to implement the 

recommendation as it will likely reduce energy consumption within their 

homes, thus saving them money. 

• Norm appeals work well alongside commitment and community initiatives. 

New norms can be formed when collective community-wide decisions are 

made with personal commitments. Personal norms discovered by people 

are easily adhered to compared to those imposed by others, thus, people 

should be encouraged to discover their own norms. 

• Prompts lack the ability to influence poorly motivated energy consumers to 

make a change. However, making them obstructive or placing them closer 

to the point of action can yield results. This approach can be used to remind 

people of simple daily tasks such as switching the lights off when not in use, 

reducing the temperature setting of a washing machine before use or boiling 

only as much water as is required to make a cup of tea. Householders are 

encouraged to remain motivated in order for prompts to be most effective. 
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• Economic incentives are good at promoting singular actions such as 

attracting an individual to make a commitment to become part of a study. 

However, once the initial incentivised commitment is made, the role of such 

person in the study cannot be guaranteed especially when the reward 

ceases. Incentive can be a good tool for enticing individuals to being part of 

an experiment and, in terms of longevity, cost benefit analysis and long-

term follow ups can be used to improve the outcomes of incentivised 

interventions. 

• Continuous individual feedback is effective in the change of energy use 

habits, and are more productive when combined with goal setting. The 

provision of comparative feedback (using energy use information of others 

as a benchmark) works to trigger a sense of competition amongst 

participants which can work in the initiatives favour. There is a chance 

however that participants can ignore comparative feedback, justifying their 

actions for augmented energy usage by the distinctions that exist between 

every household (e.g. Difference in demographics, building characteristics, 

lifestyle). With that in mind, feedback is likely to be more engaging if it is 

able to bring into perspective the social and cultural incentives on energy 

consumption. 

• The competitiveness of serious games and gamification have been 

observed to highly motivate younger people and their participating families. 

Most studies in this area target the younger generation and there is a need 

for games tailored towards older people to be developed. This is because 

the younger and older people are all players in the fight towards energy use 

efficiency. Serious games and gamification studies only report information 

based on sole usability; however, the level of effective informativeness 

correlates with the level of detail in evaluations. 
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2.9 Problems Associated with Intervention and its 

Reports 
 

Some of the problems associated with intervention initiatives and their reporting 

are as follows: 

• Insufficient and unclear intervention content and information including 

intervention documentation that is unclear on what the trials focus is: To 

develop a full picture of intervention content and information, evaluation of 

an interventions (in)effectiveness detailing the behaviours the interventions 

are targeted towards (e.g. efficiency or curtailment behaviours) would be 

constructive. The same can also be said for information regarding energy 

problems and energy-saving measures as the texts focus more on their main 

trial approach (e.g. feedback) whilst ignoring others were  also used albeit 

not as their primary focus (Abrahamse et al. 2005). In addition, research 

documentation would be more useful if statistical information required to 

estimate effect sizes (e.g. means and standard deviations for experimental 

and control groups) and in-depth meta-analysis were provided (Abrahamse 

et al. 2005).  

 

• Methodological issues: small sample sizes could jeopardize the statistical 

significance of an intervention (Brandon and Lewis 1999) and sample size 

variance could make it difficult to compare two similar interventions. 

Because of this, statistical tests are valuable in corroborating post-trial 

declarations as it is difficult to generalize research outcomes that arise from 

small sample sizes (Abrahamse et al. 2005). The effectiveness of an 

intervention is scored based on different indicators. These indicators are 

categorised as either the investigation of energy use or behavioural change. 

Several studies have been carried out based on self-reported energy-related 

behaviours however, behavioural changes do not always result in energy 

savings. It must be noted however that savings of 5% based on an initial 

energy consumption of 100MJ cannot be equated to similar savings based 

on a consumption of 1000MJ thus the influence of energy savings can be 

difficult to comprehend (Abrahamse et al. 2005). In addition, real-life 
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behaviour can differ from information provided by participants during survey, 

for example, trials tend to mostly focus on a single individual (household 

representative) whilst ignoring the complicated interaction between the 

diverse members of the household (Steg 2008) so in future investigations, it 

might be possible to explore this differently. The impacts and effects of 

interventions for each household as a whole can be easily measured if the 

study creates a control and intervention group or gives room for a before and 

after effect measurement (Zvingilaite and Togeby 2015).  

 

• Rebound effect: The resources (e.g. money) saved by reducing energy 

consumption can be spent on energy-intensive appliances, thereby 

increasing overall energy use (Abrahamse et al. 2005).  

• Hawthorne effect: The role played by the Hawthorne effect during 

interventions has been controversial although it is broadly accepted that 

people conduct performative changes when they know they are under 

observation or taking part in a study (Darby 2010). Whilst this is mostly true 

for short-term studies, participants could potentially get used to and adopt 

the new behaviour over time. Researchers must be aware that data does 

not rely too heavily on cases where the effect is apparent as the Hawthorne 

effect can lead to the exaggeration  of intervention data and intervention 

effects can be shortlived if people abandon their newly adopted habit for 

older ones.  

 

• Spill-over effects: consumption reduction could occur because of energy-

related behaviours not targeted by the intervention. These behaviours are 

not observed because they are not a focus for the study (Abrahamse et al. 

2005).  

 

• Intervention sustainability: the prolonged effect of interventions is not 

monitored in most cases. Thus, it is not obvious whether the new habits were 

sustained or if participants returned to baseline levels. Few follow-up cases 

showed that behavioural changes were not sustained (Abrahamse et al. 

2005). 
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2.10 Conclusions 
 

This study re-emphasizes the need for energy use behaviour change in the built 

environment given the dangers of poor energy use and indoor conditions; and the 

fact that energy use keeps increasing with no indication of slowing down (U.S. 

Energy Information Administration 2017). Energy-related behavioural changes are 

especially effective when they suit the people involved and are not costly in terms 

of money, time, effort or social disapproval, and when individuals do not face 

extreme behavioural constraints (Steg 2008). The approach used for social 

interventions are usually dependent on the people in question and what issues 

need to be addressed (Elsharkawy and Rutherford 2015). Social interventions 

have proved to be effective when used on their own or when combined with others 

(DBEIS 2017b, Rinn et al. 2012). Combined interventions however, do not always 

show the effectiveness of individual approaches due to confounding effects 

(Abrahamse et al. 2005). The diverse outcome of the interventions mentioned in 

this text proves how elusive it is to grasp human behavioural patterns. Some 

initiatives proved to be effective in the short term but not in the long term as was 

the case with energy auditing and prompts. Thus, the need for more studies to 

delve into post-intervention analyses to find out if behaviour changes are sustained 

long after the initiatives ended. Feedbacks, gamification, goal setting and 

community-based initiatives proved to be the most effective as they all recorded 

average energy savings of above 20%. 
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Chapter 3 

3 Methodology 
 

3.1 Introduction 
 

The preceding chapters have discussed the background to this study, which is 

focused on the influence of energy use and indoor environment decisions on 

humanity and the environment within which they live. It also reviewed literature to 

identify gaps that exist within the knowledge base. Some of the gaps identified 

include: 

• Few studies have applied Socio-informatic approaches to improve energy use 

and environmental condition awareness. 

• Serious games have barely been applied amongst adult householders to 

prompt better energy use and indoor environment condition awareness. 

• A combination of In-House Display IHD and Serious Games have barely been 

used for social housing interventions.  

This study addresses these gaps through a behavioural intervention that attempts 

to inform and make people more aware of their energy use and environment 

conditions in a bid to prompt optimal energy use and indoor environmental 

conditions. A broad range of socio-technological tools such as energy dashboard, 

serious game, interviews and questionnaires were used to collect a mix of data for 

the purpose of discerning the perspective of building occupants on energy, indoor 

environment interaction technologies and feedback information. The catch theme 

for the trial was “Play learn save”, this meant that the householders were expected 

to learn how to save on their energy bills and the environment by enjoying the 

engagement with the dashboard and serious game. This chapter outlines various 

ideas, strategies and approaches that have been considered or used for the 

purpose of this research. It gives a brief on the research context, research 

questions and framework for investigation. It further discusses the philosophical 

paradigm and theoretical context upon which the study is built before outlining the 
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research strategies, data collection and some analysis procedure adopted for the 

study. 

3.2 Research Context 
 

A number of studies have begun to examine ways to make energy use more 

tangible, understandable and manageable given that its consumption mostly goes 

unnoticed (Froehlich 2009). The drivers of energy consumption across diverse 

households are similar typically including socio-economic standing, individualism, 

attitude, socio-demographics, and building composition (Abrahamse and Steg 

2009, Darby 2006). Because of this, an extended reflexion and a deeper 

understanding of consumers is required in order to prompt better energy use. 

Users can also be engaged in ways that make them dynamic partners in the 

energy ecosystem, by providing them with demand and response appliances and 

controllers (Gangale, Mengolini, and Onyeji 2013). The introduction of technology 

can be vital in prompting better energy behaviour; thus, this study seeks to 

examine how humans interact with energy and their environment with the 

assistance of computing technologies. This study is a multidisciplinary study and 

combines the fields of behavioural science, energy science and computing to 

understand and solve the problem of how humans interrelate with energy and 

indoor environment variables in the built environment. 

This study used several case studies on the Smarter Households project to 

investigate the perception of social housing occupiers on the use of energy 

dashboards and serious games for optimizing energy use behaviour. The Smarter 

Households project was an ESPRC (Engineering and Physical Sciences Research 

Council) BuildTEDDI sponsored project, carried out by a consortium of 5 

universities – Coventry University, Aston University, Birmingham University, 

University of Edinburgh and University of Portsmouth; an energy company – E.ON 

and a housing association – Orbit Group. 19 households were recruited in the 

Midlands area. An Integrated Metering Sensor System (IMSS) defined as a data 

acquisition system which utilizes the services of smart meters and sensors to 

capture energy use (electricity and gas) and indoor environment conditions 

(relative humidity, temperature and carbon dioxide) data was deployed in the 

recruited homes. The data was captured and transmitted through a gateway to a 
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remote server at Coventry University for storage and further analysis and each 

household received feedback about their energy consumption and indoor 

environment conditions on a tablet-based dashboard developed by the project. A 

3D serious game was also introduced to the homes to teach occupants how to 

optimize energy use while enforcing a healthy indoor environment and the effect 

of these tools on the participants were measured via information received about 

their home energy use and indoor environment conditions. Further information was 

obtained via surveys to gain a deeper insight from the householders on their 

perception about energy use, indoor environment conditions and the tools that 

were deployed in their homes. This study sought to answer questions on the 

likelihood that building energy interactive technologies can influence energy end-

user behaviour and indoor environment conditions. 

3.3 Study Framework 
 

Research framework visibly demonstrates the structure of a research design, it 

also supports the devising of appropriate research questions, research design and 

strategies, and creates the relevant path that leads to a successful research study 

(Mills, Durepos, and Wiebe 2010). Frameworks in social research are used to 

comprehend how research viewpoints relate to the design implemented while 

conducting a study. For example, Crotty (1998) created a framework which serves 

as a groundwork for social research, with the framework used to identify the 

existing relationships between the various contexts that are in use within the social 

research sphere (Alam 2019). The methodological framework for this study as 

shown in figure 3-1 is reported according to Creswell’s (Creswell and Clark 2018)  

adaptation of the four decision making elements for social exploration as created 

by Crotty. At its broadest and most abstract level are the philosophical 

assumptions or paradigm worldview. These assumptions are the hypothetical 

postures that support the methodological approach adopted for a study, thus 

affording the course and foundation for its logic and principles to be used 

throughout enquiries (Crotty 1998). Prior to conducting a study, it is important tp 

note that investigators choose a position vis-à-vis their perception of acceptable 

knowledge (epistemological stance) and perception of their world (ontological 
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stance). This is because research cannot be conducted without first identifying the 

theoretical principles that will guide it (Broido and Manning 2002).  

 

Figure 3-1: Methodological framework for this study 

Positivism, realism and interpretivism are some epistemological postures while 

some oncological considerations include objectivism and constructivism (Bryman 

2016). Philosophical assumptions informs the adoption of existing theoretical 

standpoints (Creswell and Clark 2018) and these standpoints are lenses drawn 

from social science or emancipatory theories (Creswell and Clark 2018). Some 

theoretical stances include social learning, planned behaviour, conflicts and social 

constructivist theories, amongst many others. Beyond theories of research study 

are methodologies, which are the various strategies or plans of action that are 

used in the design of research work. These mostly include quantitative, qualitative, 

and mixed strategies and the framework culminates with the basic techniques and 

procedures used in the gathering, scrutiny, and interpretation of data. The 

following sections describe the framework as they were used for this study. 
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3.3.1  Philosophical Paradigm  
 

Philosophical Paradigm are beliefs that guide research inquiries (Guba and Lincoln 

2005). The four worldviews that have been identified as most useful for informing 

mixed method research are post positivist (Slife and Williams 1995), constructivist 

(Denzin 2012), transformative (Mertens 2009) (Mertens, Harris, and Holmes 2009) 

(Mertens 2010) and pragmatist (Denzin 2012) (Tashakkori and Teddlie 2003) 

(Creswell and Clark 2018).  

Pragmatism, which is characteristically associated with multiple research methods 

due to possessing a broad viewpoint that is acceptable to mixed method 

researchers (Tashakkori and Teddlie 2003) (Tashakkori and Teddlie 2010); uses 

pluralistic tactics to generate facts about a problem. Because pragmatism is not 

dedicated to one viewpoint (Tashakkori and Teddlie 2003) it is posited that it 

relinquishes the use of metaphysical notions and the forced-choice contrast 

between post positivism and constructivism (Creswell and Clark 2018). 

Pragmatism was adopted as the right philosophical perspective for this study in 

particular because it stands by both objective and subjective facts, is concerned 

with the implications of research activities, prioritizes the problem to be tackled 

over methods to be adopted, is open to using numerous methods for data 

collection, is diverse in approach and focuses on real-world practice (Creswell and 

Clark 2018). Pragmatism when viewed through the lens of particular philosophical 

conventions is known to be open to both singular or multiple perspective 

(pluralistic) when trying to find answers to the nature of reality or the phenomenon 

of a study (ontology) given that reality is socially created and susceptible to change 

(Berger and Luckmann 1966). As data collection is always required to find answers 

to the questions that are been asked (epistemology) and both biased and unbiased 

stances are considered when identifying what is valuable in a study (axiology) 

(Creswell and Clark 2018) pragmatism allows this study to capture the 

complexities of novel interaction methods for energy end-user behaviour transition. 

At the implementation stage, pragmatism utilizes a mixture of quantitative and 

qualitative data (methodology); while rhetorically, researchers can engage both 

formal and informal reporting styles.  
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3.3.2  Theoretical stance 
 

It can be quite difficult to identify the relationships that exist between theories and 

research (Bryman 2016). The most common view of this relationship is that 

research is used to answer questions raised by theoretical considerations. A 

question that often arises when considering the association between theories and 

research is whether data is gathered to test (deduction process) or to build theories 

(induction process) (Bryman 2016). Nevertheless, it is fair to say that theories 

provide the background required for the conducting of research studies (Bryman 

2016) providing an insight into social phenomena and the interpretation of 

research outcomes. Theories when used as the focus for empirical enquiry provide 

explanations to the knowledge base and observed regularities within specific 

research domains as in the case of this research. Although pragmatism gives room 

for the combination of deductive and inductive thinking, this study adopted a 

deductive rationale in its approach. Deductive theories as shown on the sequence 

in Figure 3-2 are borne from a line of thought within a specific research area or 

theoretical notions. These notions after in-depth review of literature within the 

domain of study gives rise to hypothesis which are exposed to empirical 

examination (Bryman 2016). Empirical study in this context entails the collection 

of data and investigation of the data to either confirm or reject the earlier framed 

hypothesis. Deduction processes were adopted because this study solely sought 

to confirm the potency of interactive technologies on the theories of planned 

behaviour and social learning amongst social housing occupants. 

3.3.3  Behavioural theories under consideration 
 

To date, several efforts have been made on a global scale towards changing 

human behaviour for social good; and research procedures have been used to 

observe and evaluate these efforts geared towards making the human species 

bring about change. Some of these strategies depended on behavioural models 

which tried to make sense of the behavioural determinants and factors that 

influence human behaviour. The complexity of human behaviour has been proved 

by the fact that no single determinant has the answer (Ajzen 1991) (Schultz et al. 

2007) and it is assumed that humans as consumers lack the knowledge and 
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awareness of the problem or solutions required for behaviour change (Prager 

2012) (Kollmuss and Agyeman 2002) (Steg and Vlek 2009).  

This study looks at the methods that can be used to change energy use and indoor 

environment behaviour amongst consumers by making them aware of their own 

consumption and environmental conditions; providing ideas on ways to optimize 

their behaviour towards energy and the environment (Brounen, Kok, and Quigley 

2013). The consumers in this context are viewed through two social science 

postulations namely: the theory of planned behaviour (Ajzen 1991) and the social 

learning theory (Bandura 1977).  

Figure 3-2: Deductive theory sequence (Bryman 2016) 
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The theory of planned behaviour credits actors with perceived control over the 

consequence of their behaviours (Stikvoort, Juslin, and Bartusch 2017); this 

means that people are rational and can make systematic use of existing 

information (Peterson and Beach 1967) (Prager 2012), and assumes that changes 

in awareness and intentions can lead to actual and conscious reactions (behaviour 

change) (Ajzen 2015). Social learning theory assumes that humans learn by the 

observation or imitation of a model in terms of what they see others do and what 

they see around them (Jackson 2005). Thus, there is a likelihood that providing 

energy use information to consumers can improve their awareness, engage them 

and further prompt behaviour change. 

The above discussed theories are relevant to energy use behaviour because of 

their volitional control over behaviour (Claudy, O’driscoll, and Claudy 2008); even 

so, the subject must have the capacity and willingness to change their conduct. 

Behavioural change depends on the subject’s direction (positive or negative) of 

belief towards core determinants such as attitude, subjective norms, and perceived 

behavioural control. Therefore, the probable results will be dependent on the 

tendency of the subjects to adopt a positive or negative energy related attitude. 

The consequences of which behavioural direction they go, perceived expectations 

and behaviours of important individuals or groups in social contact with them on 

these issues; as well as the availability of resources and opportunities for 

behaviour change, and the absence of barriers to behavioural shift all influence 

the capacity for individuals to change (Ajzen 1991).  

Practically as depicted in Figure 3-3, this study provides energy users with 

information about their consumption and indoor environment conditions (which can 

be consequences of energy use) through a dashboard.  It also provides 

participants with an energy serious game that simulates a virtual environment 

where the game player must make the right energy and indoor environment 

decisions for the game persona roleplayed by the user to stay alive and well. The 

information provided is expected to awaken the user’s consciousness and prompt 

actions that depict optimal energy use behaviour. The dashboard information 

alongside the hints and tips contained in the serious game attempt to promote the 

theory of planned behaviour by providing information that can nudge energy users 

to make optimum decisions.  
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Figure 3-3: Relationship between the social theories and the research 

The serious game attempts to change the attitude of energy users by modelling a 

virtual ‘social environment’ where the game players play a role by interacting with 

game objects as proposed by the social learning theory. Social learning theory is 

made possible given that the serious game offers a mechanism that taps into the 

knowledge, emotions, intuition and interest of its players  (Hummel et al. 2011) in 

ways that can be channelled towards addressing real life issues such as energy 

use and IEQ. The data retrieved from the study was analysed to find out if the tools 

used for the intervention resulted in behaviour change amongst the study 

participants.  

In summary, this study used socio-technological tools to prove the viability of two 

theoretical constructs (theory of planned behaviour and social learning theory).  

These theories led to the formulation of research questions that guided the study 

progression toward a suitable research strategy and the tools that were used to 

execute the study.  

3.3.4  Research Questions  
 

The research questions for this study are: 

1. Can energy dashboards result in a change in energy use behaviour and 

indoor environment conditions amongst social housing occupants? 

2. Can a combination of dashboard and serious game change energy use 

behaviour and indoor environment conditions amongst social housing 

occupants? 
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3. Was the change in energy use behaviour and indoor environment 

conditions sustained long after the introduction of the dashboard and 

serious game (after researchers have withdrawn interaction with 

participants)? 

3.3.5  Methodological strategies 
 

Methodological strategies are action plots that connect philosophical conventions 

to specific tools used for a study (Creswell and Clark 2007). Researchers in social 

methodology have always made clear the ambiguity that exists between 

quantitative and qualitative research approaches (Layder 1993). Their reports 

present the differences between both research strategies, ranging from superficial 

points such as quantification to paradigm differences, epistemological and 

ontological orientations of the research strategies. However, some studies have 

shown the compatibility that exist between both strategies and how they can be 

combined to create the mixed method strategy (Bennett et al. 2009) (Silva, Wright, 

and Warde 2009). The mixed method was a better choice for this study because 

of the complexity involved in understanding human energy behaviour, this 

complexity made it imperative that clearer understanding could be gained by 

applying a pluralistic approach.  

The mixed method strategy gave rise to the utilization of a variety of research tools 

and types of data to provide answers to the research questions. Table 3-1 shows 

the procedures and type of data that was used to provide answers for research 

questions. It also gives motives for the procedure that was adopted to explore each 

question.  

Table 3-1: Procedures and type of data used to provide answers to research questions 

Research 

questions 

Research 

procedures 

Type of 

data 

Motives for research 

procedure 

Q1) Can energy 

dashboards 

result in change 

in energy use 

behaviour and 

Literature review 

 

In-situ 

measurement 

 

Qualitative  

 

Quantitative 

 

 

To gain insight into how 

the householders used 

energy and the effect of 

the dashboard on energy 

use behaviour and 
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indoor 

environment 

conditions 

amongst social 

housing 

occupants? 

 

Questionnaire 

 

Semi structured 

interview 

Qualitative  

 

Qualitative  

 

indoor environment 

conditions over a period. 

This was achieved by 

computing the difference 

in energy use before and 

after administering the 

dashboard.  

Q2) Can a 

combination of 

dashboard and 

serious game 

change energy 

use behaviour 

and indoor 

environment 

condition 

amongst social 

housing 

occupants? 

Literature review 

 

In-situ 

measurement 

 

Questionnaire 

 

Semi structured 

interview 

Qualitative  

 

Quantitative 

 

 

Qualitative  

 

Qualitative  

 

This procedure looked at 

the effect of combining 

the serious game with 

the already administered 

dashboard. Data from 

the in-situ equipment 

showed how energy use 

and indoor environment 

conditions changed over 

the period (prior to and 

after deployment).  

3) Was the 

change in energy 

use behaviour 

and indoor 

environment 

quality sustained 

long after the 

introduction of 

the dashboard 

and serious 

game? 

 

In-situ 

measurement 

 

 

 

Quantitative 

To observe if any change 

in behaviour during the 

intervention continued in 

the long term, after 

interaction was 

withdrawn by the 

researchers.  

 

3.3.6  Mixed Method Strategy 
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The mixed method strategy discovers answers to research questions and 

hypotheses by gathering and examining both quantitative and qualitative data. The 

data is unified to produce results that lead to the formulation of research 

procedures which are outlined with theory and philosophy (Creswell and Clark 

2018) (Johnson, Onwuegbuzie, and Turner 2007). Mixed methods best align with 

multiple worldviews as it supports the combination of multiple research strategies 

which in essence allows the strengths of one strategy to negate the weaknesses 

of the other (Creswell and Clark 2018). Bryman (Bryman 2016) classified the 

interconnection between quantitative and qualitative strategies based on priority 

and sequence. The priority rationale considers whether quantitative or qualitative 

strategy is the principal data collection tool, or they are meant to complement each 

other by having identical weights whilst the sequence rationale attempts to reflect 

which strategy goes before the other or if each method is associated concurrently 

(Bryman 2016) (Creswell and Clark 2018).  

This study used the convergence parallel design meaning a simultaneous 

collection of quantitative and qualitative data with both quantitative and qualitative 

approaches sharing identical priority and concurrent sequence. The ensuing 

outcome from the two independent strategies were compared and fused to form a 

unified whole and the convergence parallel design was adopted for further 

validation of each data source by allowing the researcher to accomplish diverse 

but matching information on a similar issue (Johnson and Onwuegbuzie 2004). 

The quantitative and qualitative data were combined using the traditional 

triangulation method as displayed in figure 3-4, whereby the researcher aims to 

compare two sets of findings with the intention of outlining the degree to which 

they converge, diverge or relate (Bryman 2006).  

A mixed method approach was used because the outcome of one data source 

would be inadequate in terms of allowing a deeper insight into energy use 

behaviour and indoor environmental conditions and could lead to an unsatisfactory 

conclusion. However, an amalgamation of outcomes from both strategies was 

synthesised in order to give a more complete interpretation of the problem. This is 

important to note because, a study such as this can have contradictory views, such 

contradictions would not be discovered if only one approach was used.  
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Figure 3-4: Triangulation of research data 

 

This line of view was corroborated by Shannon-Baker (2015) in her study on how 

culture shock affects undergraduate students undergoing short-term programs 

abroad, she postulated that using limited strategies for inquiries amounts to 

viewing the problem from only one perspective. In the context of this study on novel 

interaction methods for energy end-user behaviour transition, it is not enough to 

collect quantitative data on how householders used energy and their indoor 
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environment conditions without finding out their perception regarding optimal 

energy use and indoor conditions, how they felt about or perceived the equipment 

that was installed within their living spaces, the dashboard and serious game 

provided for them and their thoughts on how they use energy; thus, the reason 

why the semi-structured interview, questionnaires and secondary data collection 

sources were introduced was to ensure a full analysis.  

3.3.7  Case-based study approach 
 

Case based studies are typically known to offer a complete insight into cultural 

systems of action (Feagin, Orum, and Sjoberg 1991) and help to comprehend 

behavioural conditions from the perspective of an actor or a group of actors. 

Cultural system of action are groups of interconnected events played out by actors 

within a social circumstance. The cases in the context of this study are chosen to 

make the most of what can be learned within the time slated for the study or project. 

It explored real-life phenomenon through exhaustive contextual scrutiny of 

activities or conditions and their relationships. Case-based approach was adopted 

for this study because of its ability to offers in-depth insight into the phenomenon 

that is being researched. When used, the researcher has no control over the data 

collection environment. This study has multiple-case studies with each household 

acting as an individual case. Each individual study is a ‘whole’ study that provides 

facts from various sources and conclusions drawn based on individual cases or a 

combination of two or more cases. Conclusions were also reached based on case 

profiling. 

Case-based studies adopt the convergent design approach given that this 

approach uses alternative means, explanations, and multiple sources of data to 

ensure the accuracy of the research (Creswell and Clark 2018). Effectiveness 

augments when the case in question is related to the context under review, when 

it is used for social and community issues and when it is focused on geographical 

areas or has a limited number of entities as actors. Quantitative or qualitative 

research methods on their own cannot deliver extensive exposition to social and 

behavioural challenges; however, their (quantitative or qualitative research 

methods) revelations can be complemented by the case-based study through 

providing explanations for the processes and outcome of phenomenon through 
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observation, reconstruction and scrutiny of the case being examined. During 

behaviour-related qualitative research, it has been observed that actual human 

conduct is quite different from the responses provided during surveys (Gangale, 

Mengolini, and Onyeji 2013). Survey questions also contain bordering effects 

which restricts the nature of the answer provided by the respondent and the 

inference that can be reached from such answers (Van de Velde et al. 2010). 

These setbacks cannot be overlooked given that case-based studies have the 

potentials to offer micro level data observation.  

For this project. 19 households were recruited with each household being 

addressed as an individual case that requires investigation. The individual cases 

were also compared with each other to identify any changes and each case had 

householders receiving information about their energy consumption and indoor 

environment conditions on a tablet-based energy dashboard. A serious game was 

later introduced on the tablets to teach occupants how to optimize energy use while 

enforcing a healthy indoor environment and furthermore, interviews were used to 

complement the quantitative data being collected via in-situ measurement. 

3.3.8  Study procedures 
 

This section focuses on the framework used in carrying out the household 

intervention exercise. The various interrelated processes as outlined in the 

framework on figure 3-5 include need specification, project design, data collection, 

data processing, data analysis and process evaluation (UNECE 2013) (UNDESA 

2016). The following sections discuss project need specification, project design, 

data collection and qualitative data analysis while quantitative data processing, 

analysis and presentation are discussed in chapters 4, 5 and 6. Evaluation was 

performed at every point of the study to ensure that each research activity was 

performed optimally.  

 

Figure 3-5: Household Intervention framework 
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i. Need specification 

 

Prior to executing a project or research, it is vital to have a broad understanding of 

what needs to be done, the best way to implement it, the expected outcome, the 

guidelines that need to be lawfully adhered and the project costs. The need 

specification stage looked at the objective and background of the study, what the 

study planned to achieve, conceptualized the entire project based on the 

anticipated data requirement, checked for data sources and what data could be 

obtained from partners and participants and the various institutional consents that 

were required. Several scholarly works, reports, documentations, articles, and 

papers were reviewed at this time.  

The background study covered topics such as household energy consumption, 

fuel poverty, smart home technology, adaptive thermal comfort, energy-use social 

interventions and indoor environment conditions; and the review gave an insight 

into the trends, tools, technologies, and approaches used for human domestic 

energy interaction research. Clearer objectives and hypotheses was produced to 

help establish and maintain the boundaries of the study. The main idea was to 

make sense of how people learn from energy use and indoor environment 

information displayed on interactive applications. To achieve this, it was vital to 

obtain real-live, half-hourly and historic energy (electricity and gas) use and indoor 

environment conditions (relative humidity, carbon dioxide and temperature) data. 

Relative humidity, carbon dioxide and temperature were chosen as the indoor 

environment condition variables for this study because their states in the indoor 

environment are directly related to how energy is used. In addition, this also 

provides hints as to the well-being of the householders within their indoor 

environment. 

 

ii. Study design 

 

The design stage adds actions to the previously identified objectives based on the 

needs specified. The research design activities undertaken include a literature 

review, precise definition of expected data output type, study conceptualization, 

data collection, process instrument identification, design and anticipated data 
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analysis procedures. The various rules that govern the project such as data 

confidentiality and access control levels were defined at this stage. Expected 

variables from the processes and instruments, as well as the standards that need 

to be enforced throughout the study were also identified at this juncture. Data 

management, processing and analysis routines were stated. Each chosen 

household was visited and their meter inspected. This was done for two reasons.  

Firstly to confirm their location within the buildings and secondly to assess how 

they could be adapted for the monitoring system. The visit gave further insight into 

the fact that 15 out of the 19 chosen households used dual fuel (electricity and 

gas) while the other 4 were single fuel users (electricity).  After all configurations 

and integrations, communication between the equipment was set up and tested to 

ensure consistency. Documentation of the process was carried out to ensure 

consistency across the entire equipment network and provide a reference 

document that could be used during the intervention.  

iii. Population selection 

 

The Smarter households project was conducted in partnership with the Orbit 

housing association. The idea was to perform the study amongst social housing 

tenants of the housing association. The study was conducted around the east and 

west Midlands area as these are the areas where Orbit housing association has 

properties. Purposeful non-probabilistic and maximum variation sampling (Alvi 

2016) was used for the selection of participants. This was used because the study 

utilised funding where perimeters included a fixed completion time. In addition, 

participants needed to be available, committed and willing to take part in the study 

(probabilistic sampling would have taken longer time to complete) and purposeful 

sampling allowed the researchers to intentionally recruit participants who were 

thought to be best fit for the study being conducted. This was necessary as the 

focus of the study was for people who lived in social housing. The participants 

volunteered to be a part of the study and the final selection was completed by the 

researcher who used a selection criterion that reflected a broad range of household 

characteristics. The aim of this sampling method was to yield valuable results 

though it should be noted that these results were susceptible to prejudice 

(volunteer bias) simply because the sample of individuals that volunteer might not 
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account for every possible characteristic that can be covered. The adverse effect 

from using this approach was minimized using maximum variation sampling to 

ensure that a broader range of participant characteristics were captured in order 

to offer sundry perspectives to the study outcome.  

 

The selection process was launched with a publication in the Coventry Telegraph 

newspaper, alongside an outreach to the housing association tenants through 

Orbit’s text and mailing lists. These messages appealed for volunteers to take part 

in a new study aimed at helping households use energy more efficiently; recipients 

were also informed that the study could potentially increase environmental 

consciousness, make their homes more comfortable and reduce energy bills. 

Approximately 50 households expressed interest in partaking in the study and, in 

order to find out how technologically savvy the participants were, communication 

was sent electronically. Equipment supplies were delayed due to a prolonged 

search for devices that were neat, easy to install with reduced installation time and 

would cause the least obstruction to the households. This delay which was 

unintended and unavoidable helped test the commitment of the prospective 

participants and consequently volunteers gradually dropped out of the exercise 

over time due to the delay with the supply and installation of equipment.   

 

Ultimately, only 19 households were used for the study out of the 50 volunteers 

due to this reason in addition to financial constraints. The 19 households were 

selected in a way that provided broad representation and demographic spread. 

The criteria that were considered for maximum variation sampling were geographic 

location, gender of the main contact, number of occupants, range of household 

and building type, fair coverage of ages, metering payment plan (pre-paid meters 

were incompatible for the study), type of meter (dial meters were preferred), and 

access to the internet. An initial plan to monitor household water consumption was 

set aside because it was not possible to find equipment that was compatible with 

the majority of the water supply meters in the homes. In addition, households who 

planned to move over the study period and who had no wireless internet 

connection were not selected. After narrowing down to 19 households, an 

information pack was sent out to provide them with a comprehensive brief of the 

study plans, aims, requirements, expectations for participants and a consent form. 
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The information pack emphasized that the participants could withdraw from the 

exercise at any point if they so wished, regardless of appending their signatures to 

the consent form.   

 

Figure 3-6: Map showing the geographical location of the study properties including number of 
properties per town 

 

All the households who assented to participate in the study were asked to send 

photos of their meters and the surrounding including connecting cables, the 

photographs helped in reaching a decision on whether their meters were 

compatibility with the sensors. Figure 3-6 is a map of towns and number of 

participants per town that took part in the study, while table 3-2 is the demographic 

and property information of the participants. Once the study had begun it was 

discovered that two of the participants were homeowners and not social housing 

tenants, the study continued with them as equipment had been installed and data 

collection had commenced at their residence. 

 



88 
 

iv. Pilot Test 

 

Prior to the main study, an informal pilot study was conducted to examine the 

viability of the entire research processes and tools that were designed for the 

study. It was necessary to test the workability, safety, and acceptability of the 

intervention that was to be applied on study participants to ensure they led to the 

anticipated aims and objectives. This informal pilot study helped the researcher 

gain further understanding on what was expected of the full study, and any 

adjustments required; serving as a guide on whether the study should progress as 

prearranged or be changed.  

The pilot sessions were replications of the planned study (Oppenheim 1992) and 

were conducted within residential properties and amongst social housing 

occupiers and smarter households team members. Pilots of the in-situ kits, 

questionnaires and interview questions were carried out. The first in-situ 

equipment installation was made at a house belonging to one of the research team 

members (a property that was not part of the study). This was done to find out if 

the equipment was working, compatible and sending the correct data. Most of the 

sensors appeared to work properly apart from the gas (which did not send data 

regularly) and carbon dioxide sensors (which lost calibration frequently). This 

observation meant that the experiment continued with an increased need to 

monitor the data from the gas and carbon dioxide sensors.



89 
 

 

Table 3-2: Property and demographic information of participants 

ID Pseudonym Age  Employment 

status 

Number of 

occupants 

Building 

type 

Building 

size 

No of 

bedrooms 

Self-rated energy 

consumption level 

H14 Tim and Dora 65+ Retired 2 Flat 72 2 Medium 

H15 Nat 26-40 Employed 4 Semi-

detached 

house 

86 2 High 

H19 Gary 41-64 Unemployed 1 Flat 47 1 Medium to High 

H21 Kelly and Brian 41-64 Employed 3 Semi-

detach 

house 

69 2 High 

H26 Paige 26-40 Employed 3 Terraced 

house 

84 3 Medium 

H27 Mat 41-64 Employed 1 Semi-

detached 

house 

68 2 Medium to Low 

H29 Leo 41-64 Unemployed 2 Flat 85 2 Medium to Low 
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H32 Nicola 41-64 Employed 2 Semi-

detached 

house 

70 2 Medium 

H35* Gemma 41-64 Employed 3 Semi-

detached 

house 

N/A 3 Medium 

H36 Priya 41-64 Employed 1 Flat N/A 2 Medium to Low 

H39* Jayne 26-40 Employed 2 Flat 58 1 Medium 

H40 Chris and 

Tracy 

65+ Retired 2 Bungalow 62 2 Medium 

H41 Ruby 26-40 Unemployed 1 Flat 47 1 Medium to Low 

H43 Rob and Kris 65+ Retired 2(3 at 

university 

holiday) 

Semi-

detached 

house 

76 2 Medium 

H44 Jacqui and 

Ron 

65+ Retired 2 Flat 69 2 Medium to High 

H50 Rebecca 26-40 Employed 5 Semi-

detached 

house 

84 3 Medium to High 

H54 Ruth 65+ Retired 2 Bungalow 47 1 Medium to Low 
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H55 Alex 41-60 Employed 2 Semi-

detached 

house 

75 3 Medium 

H58 Paula 41-60 N/A 2(3 at 

university 

holiday) 

Semi-

detached 

house 

70 4 Medium to High 

 *The participants were homeowners and not social housing tenants 
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The study progressed with in-situ kits introduced to the study houses to determine 

their compatibility with the equipment (gas meters, electricity wiring, internet 

connection) in the homes. After connection, the kits were observed for a period of 

one month over which some troubleshooting was performed at properties where 

erroneous data where been received.  

After the pilot period, the electricity installation at 2 out of the 19 homes and gas 

installation at 6 out of the 15 dual energy houses appeared to transmit flawed data 

and needed further work; thus, data collection was delayed for them. The 2 

electricity sensors were later restored for data collection at the respective houses 

however, gas data collection was abandoned at the 6 properties because it proved 

impossible to address the challenge encountered within the stipulated time. The 

gas data was later observed to be erroneous for most of the properties resulting in 

an inability for further analysis with the data.  

The semi-structured interview questions and questionnaires were piloted amongst 

the project team members and Orbit housing association volunteers (these 

volunteers were not part of the main study). Feedback from the piloting of the 

questionnaires and interview questions were used to modify the content. The pilot 

was used to find out if the data collection and analysis was driven by the research 

question and study objectives and if the planned techniques were properly applied 

to achieve the purpose within specified time. 

v. Intervention activities 

 

The households who qualified for the study and were still willing to participate were 

asked to read through and sign (where appropriate) the householder information 

sheet and consent form. The householder information sheet included information 

on the purpose and benefits of the project, the role of the householders, the various 

project activities, how the collected data will be managed and stored, project 

contact information, and what will happen with the outcome of the study, an 

agreement between the household and the smarter households project team and 

a photography consent form. The document assured the participants that their 

information would be stored anonymously, their privacy respected and that they 

would receive compensation from the research for any costs accrued during the 

study. A convenient visitation time was arranged with each of the households for 
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the installation of the measuring equipment and one current clamp was installed 

on the power cables next to the electricity meter of each participant to capture 

electricity consumption. An optical gas sensor was placed over their gas meter 

reading to visually capture the numerical values at predetermined intervals and the 

electricity consumption sensor values reported actual consumption at specific 

times while the gas sensor reported the reading on the meter. Therefore, to find 

the actual gas consumption at a specific time, the researcher calculated the 

difference between the reading at preceding and succeeding times.  

Three-in-one sensors from which data collected formed part of the IMSS, were 

installed at non-obstructive locations (they were mostly attached on walls) within 

the kitchen and lounge of each house, while the outdoor temperature monitors 

were installed in one of the houses within the town where the study was conducted. 

The data transmission gateway devices were kept at locations close to a power 

plug and internet connection and all installations ensured minimal obstruction and 

zero damage (at installation and uninstallation) to the homes. The data from these 

sensors were tested for accuracy and integrity by their vendors and Energy 

Performance Certificates EPC of 18 homes were collected from the key 

participants early in the study. The EPC provided information about the energy 

efficiency, CO2 emission and heating requirements of the experimental buildings.  

Survey questionnaires were issued and then completed by the key participant in 

each home with the aim of the questionnaire being to obtain information on the 

home appliance and energy literacy level amongst the participants.  

The sensors were commissioned to begin data collection and brand-new tablets 

with a preinstalled energy dashboard application were given to the households. As 

per economic incentives, researchers promised participants that they could keep 

the tablets after the research was completed. Two sets of interviews were 

conducted with the first held after the activation of the dashboard and the second 

held after the activation of the serious game. The first interview which was 

conducted at the early stage of the study was focused on everyday lifestyle, indoor 

comfort, appliance use, dashboard use, perception, and the influence of the 

research processes and tools on everyday life. The second interview was designed 

to address any gaps identified after the first interview, exploring the additional 

contextual issues identified during the study or through interim analysis. The 
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second interview saw the same household members who attended the first 

interview take part in discussions that were carefully coordinated by the researcher 

to ensure a focus on the lifestyle of the participants as opposed to their energy 

consumption. The data provided by the IMSS was monitored weekly to ensure its 

accuracy and, as a safety measure, the data was also backed up monthly. The 

project compensated the households for taking part in the study and reimbursed 

them for the cost of power and internet connection used by the gateway device. 

The cost amounted to £70 per household and was disbursed in two segments (£30 

after the first interview and £40 after second interview) as vouchers.  

vi. Data collection 

 

The use of mixed strategy for this study implied that a mixture of tools was required 

to achieve the goal of the study. This was reflected in the sourcing of data as 

primary data was sourced via survey methods and in-situ measurement whilst 

secondary data was obtained online and from collaborating organisations. Each 

data collection tool produced its own data type and unique variable as presented 

in table 3-3. The data types were predominantly numerical, date, time, and text 

data types.  

Table 3-3: Summary of study’s data collection methods, data source, variable produced and data 
type 

Data collection 

method  

Data source (variable produced 

+ unit) 

Data types 

In-situ 

measurement 

Current clamp (Electricity 

consumption in kilowatt Hour kH) 

Optical sensor (Gas consumption 

in kilowatt Hour kH) 

 

Timeseries data (date, 

time, and numbers) 

3 in 1 sensor  

(Carbon dioxide in parts per 

million ppm, 

Temperature in degrees Celsius, 

Relative humidity in percentage 

%) 
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Secondary data Energy performance certificate 

(energy efficiency rating, floor 

area in square meters, current and 

potential energy use, energy 

performance features) 

Text and numbers 

 

www.degreedays.net (Heating 

Degree Days) 

Timeseries data (date and 

numbers) 

Household 

survey 

Questionnaires (appliance survey 

and self-reporting of energy use 

literacy) 

Text  

Interview (lifestyle of the 

householders, indoor comfort, 

appliance use, dashboard and 

serious game use and perception, 

and influence of intervention) 

 

Data collection did not start until each participant reviewed the terms and 

conditions of the study and signed the consent form. The survey data and in-situ 

measurement that followed their consent was targeted towards a before and after 

experimental approach whereby the experience, on site measures and behaviour 

of participants before the intervention was compared with the same observations 

at various stages during the intervention.  

The schedule for the plethora of data collection activities can be seen on table 3-

4.  As per the schedule, the first questionnaire was designed to find out the energy 

use background of participants while the second gave insight into the appliances 

owned by each householder and the nature of their property.  

The procedures of this study were approved by the research team and as 

discussed; the interviews were conducted sequentially. The first interview was held 

after the installation of equipment in-situ, the issue and activation of the dashboard. 

The purpose of this interview was to garner participants initial thoughts and 

experiences on the newly installed equipment and dashboard use. This was 

followed by the introduction of the serious game and a second interview which 

http://www.degreedays.net/
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obtained feedback on the serious game experience alongside any thoughts that 

might have arisen over the period preceding the deployment of the dashboard to 

that of the serious game. In addition, the second interview addressed issues that 

popped up because of a preliminary review of the first interview. At the end of the 

study, a rollback was planned in order to withdraw intervention. This was executed 

in a way that was pleasant and non-obstructive to the participants.  

 

Table 3-4: The 4 project phases with the major activities undertaken at each phase 

Phases (description)  Period Activities 

1 (Pre-intervention)  

 

*From when the first 

set of data was 

received for each 

home to 27 Nov. 

2016  

• Installation and tuning of sensors.  

• Issuing and retrieval of 

questionnaire 1 and 2 

2 (Dashboard)  

 

28 Nov. 2016 to 30 

Apr. 2017  

 

• Handover of tablets with the 

dashboard application installed on 

them to the households.  

• First interview of participants.  

• Revision of dashboard.  

 

3 (Dashboard + 

serious game)  

 

01 May 2017 to 31 

Jul 2017  

 

• Installation of serious game on the 

tablet.  

• Second interview of participants.  

 

4 (Post-intervention)  

 

*01 Aug to the last 

available data for 

each home  

• Little or no interaction with 

participants Rollback of the study 

*the dates for the receipt of first and last set of data varied between households 
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vii. In-situ measurement 

 

In-situ data capturing was performed using an Integrated Metering and Sensor 

System IMSS. The data capturing side of the IMSS comprised of current clamps, 

gas, carbon dioxide, relative humidity, and temperature sensors. All data collected 

by these devices were numerical (quantitative) with individual devices providing 

data that was situated within an expected range (a knowledge of the range helped 

in identifying whether the sensors were providing the right values or not). The in-

situ measurement was used because of its ability to provide high quality household 

energy use and indoor environment conditions data. The following sections 

provide detailed information on the operation of the IMSS. 

 

Figure 3-7: Architecture of the IMSS 

Integrated Metering and Sensor Systems IMSS: The IMSS incorporates several 

sensors that integrate into a lone system to monitor an assortment of conditions. 

The IMSS, as shown in figure 3-7, has sensors that monitored electricity 

consumption, gas consumption and a three-in-one sensor module that captured 

the state of carbon dioxide, relative humidity and temperature in the indoor 

environment; each town also had an outdoor temperature sensor at one of the 

homes to measure external temperature given the extent to which outer 

temperatures influence indoor conditions.  
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The IMSS collected and transmitted the data to a storage server located at 

Coventry University via the internet connection within each house. Each household 

then had their data sent back to them and displayed on their dashboard in near 

real-time intervals. The data was designed to provide a level of advisory 

information to the householders whilst the electricity use feedback provided 

information on the actual use at the time alongside a comparison of what the 

householder used at the same time the previous week. The indoor environment 

sensors provided the householders with a chart which alerted householders to 

when their indoor environment was within a healthy or unhealthy range. This 

information was sent from the storage server to the homes to keep the occupants 

informed about their electricity use in relation to how they have fared in the past, 

and in addition to how energy safe their indoor environment was.  

 

The electricity consumption monitor comprised of a current clamp installed close 

to the electricity meter. This current clamp as shown in Figure 3-8 is a current 

measuring instrument with some voltage gauging capability. The clamp makes 

non-contact current (I) and voltage (V) measurements based on the principle of 

magnetic induction. The amount of electrical power (P) used in homes is then 

computed using the P = I x V formula. The power used is further reported in 

Kilowatt-Hour which infers the amount of electricity used per hour.  

  

Figure 3-8: Images of a current clamp connected to an electrical installation 
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The system was designed to capture half-hourly electricity use transmitted through 

the electric wire. Gas data was captured using an optical device (which is shown 

in figure 3-9) that can capture readings on dial meters. These readings were 

captured without obstructing the meter set up, as is the case with the current 

clamps. The optical device automatically read the meter in the same way the 

human eyes would do and reported the exact same value for storage. Afterwards, 

the data was sent back to the dashboards for display as is the case with the 

electricity monitor. 

 

 

Figure 3-9: Images of a gas optical sensor and one installed on a gas meter 

 

The three-in-one sensor unit was used to collect the carbon dioxide, relative 

humidity, and temperature within the room where they were placed. The carbon 

dioxide sub-module reported CO2 volume in the environment in parts per million 

PPM and used a nondispersive infrared sensor to detect the amount of carbon 

dioxide in a gaseous environment by its distinctive absorption. The relative 

humidity sensor compared the percentage of air moisture against the amount of 

saturated moisture at similar temperatures and pressure within an environment; 

while the temperature sensor naturally used a resistance temperature detector 

RTD to find the temperature of the environment via an electrical signal. The 

temperature was measured in degrees Celsius and an image of an installed three-
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in-one sensor is shown in figure 3-10. Outdoor temperature monitors measuring 

5cm wide and 22cm tall were installed at a height of approximately 5 feet tall at 

one home per town to capture external temperatures. 

 

Figure 3-10: A three-in-one sensor installed on a room wall 

 

The data from the electricity sensors, three-in-one sensors and outdoor 

temperature monitors for each home were transmitted wirelessly through a 

proprietary low radio module at a frequency of 868MHz. The frequency which can 

be attained within a range of up to 15km along its line of sight, transmitted secure 

data using an AES 128 (Advanced Encryption Standard). The data was stored and 

logged for transmission using a GPRS (General Packet Radio Service) mobile 

communication system and kept in the gateway before being transferred to a 

private APN (Access Point Name) which was connected to an offsite database 

situated at a data centre. The transfer of data to the database was implemented 

through a secure IPSEC (Internet Protocol SECurity) VPN (Virtual Private 

Network) tunnel. The task of storing the data at the data centre was performed 

every 5 minutes through the secure VPN connection by the service provider. The 

service provider used SFTP (File Transfer Protocol over SSH) to push the stored 

data from the data centre to the server at Coventry University.  
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The gas use monitoring sensor also gathered data. It sent its values to a 

transmitter linked to a broadband router and these readings were transferred for 

storage at the service providers facility via the internet. Subsequently, the gas 

readings were retrieved from the service provider and moved to the Coventry 

University server through Amazon CLI (Command Line Interface). The two sets of 

data (electricity use and three-in-one sensors + gas use monitoring sensors) were 

then transferred to the Coventry University server in the form of CSV (Comma 

Separated Values) and were stored in a full text search enabled database. All data 

linked to this system was stored anonymously and precautions were taken to 

ensure that all data transfers were completed across secure channels.  

The wireless transmission system was used for data transfer to avoid wire related 

risks in the home, make data transfer easy, lessen the use of awkward wiring on 

devices provided for the study participants and promote a better end user 

experience. The wireless technology ensured that the instruments did not obstruct 

the householders in any way within their homes and GPRS technology was 

adopted because it had less downtime, transmitted accurate and reliable data and 

had minimal data loss.  

viii. Mediums used to interact with participants’ 

 

A major aspect of the study was to engage householders using information about 

energy use and indoor environment conditions. The information was either 

sourced from the households (e.g., IMSS) or from literature (e.g., hint and tips). 

The media (energy dashboard and serious game) used to interact with the 

householders during the intervention are explained in depth within this section. 

Energy Dashboard Application: The energy dashboard application is an android 

application and was designed to provide householders with information about their 

half hourly energy use and indoor environment conditions. The dashboard was 

designed as a web application which accessed information from the Coventry 

University database through an HTTPS (Hyper Text Transfer Protocol Secure). 

The householders were provided with tablets to run the dashboard application and 

supplementary information was provided for the householders on the dashboard 

including energy use hints and tips, historical data about previous energy use, data 

summary, potential rewards. The users had the ability to set goals for savings, set 
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unit price for energy usage and personalize their dashboards with regards to using 

text, dials, bar charts and varied colours. The indoor environment conditions as 

shown on figure 3-11 were displayed on the dashboard with the use of dials which 

provided accessible data on CO2, temperature, and relative humidity values. It also 

highlighted the ideal range for the variables, clearly indicating when the state of 

each variable exceeded or fell below its acceptable limit. The ideal range on the 

dial is represented by the green colour while the fair range and unacceptable range 

are signified by yellow and red colours respectively. Needle pointers and digital 

text offered a variety of choices for the user to visualise actual sensor value, with 

the digital text showing more precise values. The indoor environment condition 

values were also accompanied by a timestamp showing the precise time the data 

was taken. The values on the dials were refreshed half-hourly or when the user 

changed the sensor selection. Figures 3-11, 3-12 and 3-13 are snapshots showing 

various displays of the dashboard. 

 

Figure 3-11: Energy use and indoor environment condition display 

 

Bar charts were used to compare the approximate daily use of electricity and gas 

for two similar days between successive weeks. This helped in user performance 

evaluation as electricity and gas use were reported in kilowatt-hour and monetary 

values (based on the unit cost of the utility). The dashboard application also had 
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an energy use history page which showed a half-hourly record of all the variables 

over a period. The history page as displayed in Figure 3-12 was made accessible 

for when users wanted to reflect or assess their previous performances with the 

history function allowing the user to filter records by range of hours, a day or 

several days. The indoor environment condition history was coded using blue, 

white, yellow, and red colour tags to represent low, ideal, high, and unhealthy 

conditions respectively. This made it possible for the users to ascertain at a glance 

how they performed. 

 

Figure 3-12: Energy consumption history display 

 

The energy dashboard application also included an achievement section which 

offered users information about actual financial achievements during the 

intervention. The savings were calculated using predetermined utility unit costs 

and the energy use behaviour. Some further functions performed by the 

achievement section included goal setting, performance reviews and point 

earning. The user could set personal savings goals and the system helped them 

to keep track of these, evaluate and report the energy saving performance as 

compared to the set goal. In addition to this, points were awarded to the user based 

on general use and performance on the dashboard. Another functionality called 
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the savings calculator helped the user compare energy use on a given day against 

the previous day, the same day on a previous week, the same day on a previous 

month or the same day - the previous year. The hints and tips section displayed in 

Figure 3-13 provided the user information about basic practices that can improve 

energy use performance while maintaining indoor comfort. All the information 

provided by the dashboard was expected to heighten user awareness and yield 

better performance. It is worth mentioning that the dashboard and study in general 

was not designed to impose savings on the users but rather to engage and 

persuade them to practice what they learned by making smart choices.  

 

Figure 3-13: Sample hints and tips display of the dashboard 

 

Energy serious game: The energy serious game was designed by the Smarter 

households’ project to educate householders on how to stay healthy by 

maintaining good indoor conditions whilst using energy and energy intensive 

appliances in the home. It also provides tips on how to maximize energy use in the 

indoor environment. The serious game helped residents understand the scenarios 

surrounding energy use consumption whilst stimulating optimal behaviours 

towards managing indoor conditions via in game decisions. Trial participants were 

expected to potentially apply the lessons learnt from the gameplay scenario to their 

everyday life with the purpose of the game being to optimize energy consumption 
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and improve indoor environment conditions by understanding the existing 

relationship between energy use, the indoor environment conditions, and the 

human health.  

The game offered a persuasive narrative through the abstract situation of a 

survivor in an arctic shelter, who needed to survive by controlling the humidity, 

room temperature and carbon dioxide levels of the shelter in an energy efficient 

manner. The game was deployed as an android and windows application and 

accepted input from players via touch (for android) or mouse click (for windows). 

The study participants had access to the android version of the game through a 

tablet that the researchers provided for them. By touching or tapping on the screen, 

the player could move the characters and interact with the game objects within the 

games virtual space. The game view and camera refocused in response to 

commands as soon as a tap or touch was made on the tablet game screen; and 

these interactions prompted a camera transition which allowed the player to 

directly manipulate a range of in game environmental controls and objects such as 

thermostats, windows, the hob, refrigerator, cooker, microwave, and overall layout 

of the virtual environment. The use of each of the virtual home facilities produced 

an underlying simulation of a real-life indoor environment. For instance, blocking a 

heating radiator can limit the effect of the heating in a room; and keeping windows 

closed can preserve room heating but can also increase the CO2 and humidity 

levels.  Daily activities like eating and drinking can replenish energy and make us 

stronger. 

The game implies that some of our daily activities directly affect the environment 

as well as the humans who live within them; for example, cooking with windows 

closed increases the CO2, temperature, and humidity level of a room which in the 

context of the game weakens the game character, and if the indoor conditions of 

the room is not improved, could lead to the death of the character and end of the 

game. The responsibility of the player is to stay alive by effectively managing the 

environmental variables. As portrayed by Figure 3-14, the health condition of the 

character diminishes due to poor environment conditions but can be replenished 

by cooking to eat or boiling water to drink to stay warm; this scenario places a 

demand on the player to make smart choices in regards the energy use and the 

indoor environment. 
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Figure 3-14: Game objects health status display 

 

Figure 3-15 shows a scene in the game depicting the health of the game character 

with a heart shape as shown on the top left-hand corner of the screen. Next to the 

heart shape are the 3 indoor environment condition variables that affect the health 

of the game character. The top right-hand corner shows multi-level objectives that 

relate to environment control and puzzle solving.  

The game was designed to motivate both casual players seeking to complete the 

narrative and gamers seeking high game scores by allowing those who failed a 

gameplay to either continue immediately with health replenishment and a low 

score or repeat the game from the start to gain higher scores. The overall game 

score is presented in kWh which is the unit for energy use. Exhibiting of optimal 

energy and indoor environment choices by the game player attracts rewards in the 

form of points and keeps the game persona and its environment healthy. Good 

practices also meant that the player was going to complete the game. On the other 

hand, poor energy use and bad indoor environment choices by the game player 

attracted no rewards, impacted negatively on the health of the game persona, and 

if not changed eventually leads to the death of the game persona and termination 
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of the game. Hence, the motivational factor for game players is to make choices 

that helps the game persona stay healthy and alive for the duration of the game.  

 

Figure 3-15: Screenshot of a game scene 

 

 

Figure 3-16: screenshot of a puzzle within the game 

 



108 
 

The game also offers a puzzle (see Figure 3-16) that allows a player to modify 

environmental parameters by operating control panels; the player keeps the 

environment safe by solving the puzzle. This puzzle enables and teaches the 

player to take actions such as unblocking the radiator and separating heat sources 

from the refrigerator; these actions have some benefits to optimal energy 

consumption. This aspect of the game just like the previous, was targeted towards 

specific learning outcomes and does not exactly depict real-world action and 

consequences. Gameplay lasts for 45 minutes to one hour.  

ix. Survey data 

 

Questionnaires and semi-structured interviews were the sources for survey data. 

They were used to acquire additional information about the background and 

demographics of the study participants and their thoughts on the intervention 

experience.  

Questionnaire: Two sets of questionnaires were self-administered to the 

participants at different times over the period of the study, and the questions were 

a mixture of subjective and objective questions. The first questionnaire was used 

to gain an insight into the households’ energy use literacy and consciousness level, 

while the second questionnaire probed the characteristics of the research 

participants and their household appliances.  

The first questionnaire which gained an insight into the households’ energy use 

and consciousness helped make the researcher aware of the householders’ 

thoughts on energy use optimization, how they rated their energy use behaviour, 

what motivated them to take part in the research study and the preferred time and 

means upon which they could be contacted by the researcher during the study. 

The second questionnaire provided information on the inhabitants of each 

participating household, the name, type, age, usage, and energy efficiency rating 

of every appliance owned by the householders.  

Some of the precautions taken during the design of the questionnaires were that 

the questions used were unambiguous and easy to understand by participants not 

withstanding their level of education, leading questions were avoided, the 

questions were categorized and rationally arranged based on ease of answering. 
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Reasonable time was also allotted to the answering of each question with 

irrelevant questions avoided at all costs (Oppenheim 1992) (Moser and Kalton 

1971) (Mclver 1991). The questionnaires were vetted, piloted, and modified based 

on the feedback provided by social science professionals on the smarter 

households’ project team and Orbit housing association volunteers before they 

were distributed to participants. The feedback was minor and bordered around the 

rewording of some of the questions. The study participants showed their 

eagerness for the project by providing answers to as many questions as they 

could. This was mostly due to the expectation that the intervention could lead to 

some financial savings.  

Interviews: Face to face interviews were used for both data collection and 

participant interaction. Two sets of semi-structured interviews were carried out, the 

first interview and second interviews took place after the activation of the 

dashboard and serious game respectively.  The semi-structured interview method 

whilst helping to engage the participants in an open-ended conversation still tried 

to keep responses on course to avoid any deviations from the subject of discourse. 

Open-ended conversations were used to gain depth and more meaningful insights 

on objects being investigated and the experience of participants. This is because 

of the capacity for open ended conversations to induce deliberations that can lead 

to desired outcomes. The entire visit including the interview took place at the 

participants homes and were designed not to exceed 2 hours, scheduled between 

10:00 hours and 16:00 hours. These visits were focused on the key participant in 

each of the various homes, however their partners and other members of the 

household were welcome to join the discussion if they were willing to take part.  

 

Participants were visited based on a pre-determined schedule. Appointments were 

booked and confirmed with each participant 2 weeks prior to each interview either 

via email, text message or phone (depending on the best means of communication 

indicated by the householder in the first questionnaire). A reminder was also sent 

to participants 2 days before the visit. Information about the nature of questions 

asked for both interviews can be found in table 3-5. The first interview explored the 

everyday lifestyle of the householders, their indoor comfort, appliance use, 
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dashboard use and perception, and the influence of the intervention on their 

everyday life while the second interview explored additional contextual issues 

identified after the first interview, during the study or through temporary analysis 

and experience on the use of the serious game. Some questions from the first 

interview were also asked to ensure consistency in the information being provided 

by the participants. An audio recorder was used to capture the conversation whilst 

field notes were used to record any comments or occurrences that stood out during 

the visit.  

Table 3-5: Nature of research interview questions 

Category of questions Question composition 

Daily routine Energy related activities over a typical day  

Difference between weekday and weekend 

activities 

Changes that intervention might have brought to 

daily routine 

New appliances acquired in recent times 

Bills Mode of bill payment (direct debit or pay as you go) 

Recent changes in bills, energy tariff or service 

provider 

Meter reading 

Bill saving strategies imbibed from trial 

Indoor comfort and heating Comfort at summer and winter times 

Heating control and patterns 

Housing issues (mould, condensation, draught) 

Use of windows, fans 

Trial inspired changes.  

Technology Technology adoption 

Energy efficiency measures  

Change to appliances 

Smarter households project Reason for partaking in research 

Project reservations 

Adoption of home monitoring technologies 
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Overall project experience 

Best part of the project 

Energy dashboard 

application 

Initial thoughts about the application 

Usability of the application 

Frequently used features 

Frequency of use and reason for use of dashboard 

Obstacles to dashboard use 

Indoor environment 

conditions 

Differences made by dashboard use  

Serious Game Playing of game 

Learning from the game 

General Household energy awareness 

Self-reported energy use classification 

 

x. Secondary data collection 

 

Secondary data are sets of information that have been previously collected by 

organizations or agencies and maintained for commercial purpose, 

implementation of administrative regulations, government policies or record 

keeping. For this study, these sources were used to gain further knowledge on the 

subject area and complement primary data during data analysis. Secondary data 

is advantageous because it helps save time and money that would have been 

spent on acquiring the data primarily. During the project, secondary data was 

sourced from the Orbit housing association, Coventry University library and the 

internet with special mention to www.degreedays.net. The internet and the 

university library enabled the review of literatures and the literature review focused 

on papers that were written about energy use behaviour interventions, energy use 

and indoor environment condition monitoring technologies, carbon reduction 

initiatives in the housing sector, UK and EU government white papers and 

publications on decarbonization. One of the drawbacks with secondary data 

sources is that researchers have no choice but to depend on another person’s 

work which might be incomplete or inaccurate. Secondary data could also lack 

extensive details in line with specific data needs. This limitation was overcome by 

http://www.degreedays.net/
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the researcher relying more on information from related, reputable, and reliable 

data sources.  

The housing association provided contact details and Energy Performance 

Certificates EPCs of the participants. The contact details were used to stay in touch 

with the householders over the course of the study while the EPC provided 

researchers with information such as the energy efficiency rating, environmental 

impact rating and sizing of individual houses. Www.degreedays.net provided 

information about heating degree days over the period of the study. The data 

provided by the website was verified by performing sample heating day 

calculations for certain times based on the temperatures obtained from research 

thermometers. 

3.4 Validity and reliability 
 

Validity is the most vital part of any research project (Tashakkori and Teddlie 2003) 

and the approach to data, result and interpretation validation differs between 

quantitative and qualitative research. However, the primary aim of its application 

in both strategies is to ascertain the quality of data, study outcome and the 

researchers understanding of the outcome. In the case of a mixed study, it is 

appropriate to tackle the challenges of validity and reliability individually (as 

qualitative and quantitative strategies) and collectively (as mixed strategy). Validity 

in the context of quantitative research is concerned with whether the values 

obtained from measuring tools represent the expected values from the experiment 

while reliability within the same context seeks to confirm that the data collected will 

remain consistent over a long period. On the other hand, qualitative validity checks 

that the information supplied by the study participants are accurate, credible and 

can be confirmed and depended upon (Lincoln and Guba 1985). Reliability further 

ensures that the essence of the same data is not lost through the experimental 

process; from data collection, through to transcription and coding, to its 

interpretation.  

This study enforced quantitative validity and reliability at the time of in-situ 

equipment selection. The services of companies with good track records were 

engaged for the purchase of the in-situ equipment. The equipment was further 

http://www.degreedays.net/
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tested, calibrated and piloted to ensure that the values provided by each one at a 

location and time, were same with what was expected. Samples of the equipment 

data were also monitored bi-weekly through the period of the study. The qualitative 

data, outcome and interpretation was validated by the researchers, householders 

and a reviewer’s perspective (Creswell 2016). The researcher substantiated the 

outcome of the interviews by comparing information from a broad range of sources 

(transcripts, field notes, audio recordings, questionnaires). In addition, differing 

points between the data collection strategies were identified as ‘points of intrigue’; 

these points were written about in the discussion section. Topics from the first 

interview that were not clear were presented at the second interview for further 

clarification from the participants.  

By the second interview, the researcher was acquainted with the participants 

thereby allowing for a more informal sharing of their thoughts on the study and 

visits to their homes. These validation strategies were taken to minimize the risk 

of social-desirability bias and the qualitative study process and outcomes was 

further vetted by experienced social scientists who were part of the smarter 

households’ project team. Qualitative reliability was boosted by ensuring that 

comprehensive notes were taken on the field, good quality recording equipment 

were used, and transcription were performed by professionals in a manner that 

indicated every piece of information however inconsequential that was 

encountered on the field as recorded on digital files. Collectively, the study ensured 

that issues relating to validity and reliability were minimized by ensuring that 

intervention tools were targeted towards comparable concepts for the quantitative 

and qualitative strategies. The sample sizes were the same for both strategies and 

the outcome of individual strategies was merged based on the cases. 

3.5 Ethical Considerations 
 

The educational research environment enjoys certain privileges such as freedom 

to inquire, right to publish research discoveries and freedom to carry out research 

on people (UNESCO 1997); however, exercising these freedoms comes with 

responsibilities that cannot be ignored given the consequences of defying ethical 

standards (Sousa et al. 2016, Coventry University n.d.). This is why the ethical 

guidelines as specified by Coventry university research ethics statement and 
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“Principles and Standards of Conduct on the Governance of Applied Research”. 

The above discussed was adhered to during the course of this study (Coventry 

University n.d.); and, in addition, additional ethical documents were consulted 

including the British Educational Research Association (British Educational 

Research Association 2018) and British Sociological Association (British 

Sociological Association 2002) ethical guidelines. An ethical approval was 

obtained from Coventry University before the research commenced; and the study 

was assessed and tagged as medium risk with Coventry University’s ethics 

signatories ensuring that all requirements for a project of that risk level was met.  

In addition, conscious effort was made to protect the rights, privacy, and welfare 

of the study participants. Close attention was paid to details and processes all 

through the study as peradventure an ethical issue may occur (Guillemin and 

Gillam 2004) given that the study involved the collection of private and sensitive 

data within peoples personal living spaces. The monetary incentives used to 

encourage the participants was reasonable and considered insufficient in 

perverting free decision to participate in the study.  Furthermore, all published 

works used for the writing of any document (thesis included) proceeding from this 

study was properly cited to give credit to the author.  

3.5.1  Informed Consent 
 

After narrowing down the study participants to 19 households, an information sheet 

with data regarding the aims, objectives, nature of the research, research 

procedures and expected outcome of the study was distributed via email to all 

participants; the information sheet also provided intelligence on data collection, 

storage and use, and researcher expectations from the participants. In addition, 

participant consent was sought on whether they would like photographs of their 

surroundings taken since the research team needed to capture and document the 

equipment installation. They understood that their participation was voluntary and 

some non-obstructive equipment would be installed in their homes. Participants 

were also advised to study and understand the information sheet before making 

any commitments (they were provided with a consent form to sign on). Researcher 

contact information was provided for the participants to ask questions if they had 

any; and queries raised by the participants were addressed as accurately as 
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possible. One of the major sources of uncertainty for the participants was an 

expression of concern about their privacy because of the equipment installation. 

To mitigate this, an explanation on the functionality of the equipment helped 

assuage their worry. They were also notified of their right to decline taking part in 

any aspect of the study or withdraw from the study at any time if they no longer felt 

comfortable. Participants were always informed either by email or through a phone 

call regarding planned visits to their homes, and visitations were only scheduled at 

times that were suitable for the participants. Every data collection interaction with 

the participant was preceded by a verbal request for consent and followed by a 

debriefing period to find out if the participant was still happy to continue with the 

study. All participants were glad to be a part of the project and enjoyed providing 

the information that was requested of them throughout the study period. 

3.5.2  Data Confidentiality  
 

All individuals are entitled to the protection of their private and confidential 

information (Her Majesty’s Government 1998). Participants were assured verbally 

and in writing (on the information sheet) that their data was going to be treated with 

the utmost confidentiality and all reports using their data would be anonymous. 

Data anonymity was explained to participants and the data anonymisation process 

included the changing of certain identification information such as name and 

addresses to make it impossible to recognize participants. Effort was also made 

not to transmit personal information such as phone numbers and house addresses 

over the internet. Furthermore, they participants were assured that their data was 

securely kept on the Coventry University server only for the duration of the project. 

The above actions were completed without altering the original significance of the 

data.  

3.6 Limitations 
 

Stating the limitations for a study of this nature is vital as it provides the study 

audience with information on issues that must be considered when generalizing 

the outcome of the study and precautions to be taken in the event of designing a 

similar study in the future. A major limitation of the study was that it was designed 

to only have an experimental group. This is as opposed to having an experimental 
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group alongside a control group. Having a series of control groups such as those 

without intervention and those exposed to either the dashboard or the serious 

game would have made the research outcome more robust, providing information 

on which of the interventions was the most effective in context and comparing the 

intervention outcome against those without intervention. This alternative would 

have minimized the confounding of effects on the outcome of the study as the 

confounding of effects which could have taken place because it is difficult to draw 

a line on the limit of effectiveness of the dashboard only and how much effect a 

combination of the dashboard and serious game had.  

One of the costliest limitations was the malfunctioning and failure of the gas sensor 

in most of the houses during the intervention. This proved detrimental as it 

prevented the capture of rich gas use data across various households. The gas 

data that was obtained was insufficient and could not be trusted for a study such 

as this. Although the in-situ equipment was kept out of the path of household 

occupants, some participants still chose to tamper with the equipment thereby 

resulting in the interruption of data supply in some homes over a period. Some 

homes at a point totally disconnected the transmitters because they thought the 

study was completed, while in one case a participant moved to another house with 

the intervention equipment without informing the project team. This issue affected 

the completeness of the data. 

In addition to the above, Sensor issues that required the attention of vendors were 

not fixed right away, thereby causing data interruptions or the receipt of erroneous 

data for periods; in one of such cases, it was found that the carbon dioxide lost 

calibration at some houses over certain periods. In one case the entire 3-in-1 

sensor had to be removed by the vendor who then did not return it to the participant 

until the end of the project. Every loss in transmission over the period of the study 

proved costly, bearing in mind that the in-situ instruments were set to collect data 

every few minutes. 

Another major limitation of this study was that it used a comparatively small sample 

size, this was due to limited availability of resources which would have been 

needed in order to acquire more in-situ measuring instruments. The diversity of 

the selected participants was not a representation of the larger social housing 
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population in the Midlands or the UK at large. In fact, it was only a representation 

from amongst Orbit housing association volunteers. As discussed with reference 

to the Hawthorne effect, voluntary participation has been known to introduce self-

selection bias into studies given that the volunteers in this context could have a 

sense of social or moral responsibility (Brace, 2018).   

Data collection over a period of more than 2 years would have made the study 

findings richer as it would have allowed the researcher to compare 2 concurrent 

years, thus unravelling how differences in months, weather and seasons affected 

the study.  

Another limitation of this study was that it assumed all participants had some room 

to save on energy and did not take into consideration where each participant was 

with their energy use (e.g. energy users who cannot afford any further savings). 

This meant that some users who had exhausted every option to save might have 

appeared not to have saved at the end of the study whereas in reality they did not 

have any room for further savings. The interview data was at risk of social-

desirability bias because respondents could decide to over-report good behaviour 

or under-report bad behaviour (Krumpal 2013, Niamir et al. 2020). This was 

minimized through further validation tactics, some questions were rephrased and 

posed to respondents either during the same interview or at different interviews. 

The quantitative data also contributed to the validation process. 

The use of secondary data for analysis meant that the researcher had to rely on 

another person’s work, which can be incomplete or inaccurate. However, the 

researchers tried as much as possible to source for information from reputable and 

reliable data sources. 

3.7 Conclusions 
 

This chapter presents the framework that was used in carrying out the entire 

research study before arriving at answers to the research questions. It started with 

investigating the knowledge gap in the field of study. This was followed by 

information on how the researcher viewed the world. This was vital to the research 

approach because the world views gave rise to the philosophical theories that the 

study took cues from. The philosophical theories were used to establish the 
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research strategy and the tools applied in answering the research questions. As 

established, the research was conducted amongst householders with each 

household representing a case study. The convergence parallel mixed strategy 

which involves the simultaneous collection of quantitative and qualitative data with 

each data collection approach, allotted with identical priority and concurrent 

sequence. The surveys and in-situ measurements were conducted simultaneously 

with the outcome of one used to validate and complement the other. The study 

was conducted with some limitations which were mentioned, the limitations noted 

are done so with the expectation that this will inform better practices for future work 

in similar studies.  
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Chapter 4 

4 Lifestyle and energy use perception 
 

4.1 Introduction 
 

This chapter presents a variety of dataset obtained during this study including data 

from the pre-intervention survey, in-situ measurement and interviews conducted 

amongst participants. The pre-intervention survey captured information on energy 

literacy, appliance ownership, appliance use, billing, and tariffs; in addition, 

participants were asked to self-assess their energy use. The pre-intervention data 

provided an insight into the energy use background of households while the in-situ 

measurements and interviews provided the actual intervention data and 

information on the intervention activities This chapter presents various details on 

energy use self-assessment by participants, the lifestyle choices of different 

households and this could influence energy use perception and variation. The 

chapter goes ahead to present a roster of appliance ownership and use features 

for the study participants. It also discusses bills and tariffs which are also factors 

on which participant energy use perception is built. In summary, this chapter 

highlights how participants view energy and some of the perceptions that inform 

their actions towards energy use.  

4.2 Self-assessing Energy Use 
 

As mentioned in the introduction, an energy literacy survey alongside a technical 

and appliance survey was undertaken with the aim of gaining comprehensive 

understanding about the energy use background of the participants and their 

households. One part of the survey asked the householders to self-assess how 

they perceived their energy use, with the option of rating themselves as either low, 

medium, or high energy users. Approximately 47% rated their household as 

medium energy consumers while the rest assessed their homes as either low-to-

medium L/M (5%), medium-to-low M/L (21%), medium-to-high M/H (16%) or high 

H (11%) (see figure 4-1). Such self-assessment should be interpreted carefully as 

people are likely to judge themselves based on different measures than such that 
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reflects their actual usage as observed in this case. The energy use rating question 

was followed by a query on why they made their choices and responses on this 

question included that their rating was based on how appliances were used, 

energy bills and tariff subscriptions. These responses gave rise to this chapter 

delving into the relationship between energy use amongst the study samples and 

their ownership and use of appliances, energy bills and tariff. This was undertaken 

with the understanding that energy use self-assessment outcome as provided by 

the households is not expected to reflect their actual energy use but rather provide 

some insight on how they view their energy use.   

 

Figure 4-1: Chart showing energy consumption self-assessment of householders 

 

A comparison of the actual average weekly energy use and motivation for several 

respondents as displayed in figure 4-2. The findings showed disparities in their 

actual electricity usage and assessment even though only data from the first phase 

was used as their response was based on their energy use at the period prior to 

the introduction of any intervention. The charts suggest that self-assessment of 

energy use versus actual energy use were not proportional in any way.  

21%

5%

47%

16%

11%

medium-to-low low-to-medium medium medium-to-high high
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Figure 4-2: Average phase 1 weekly electricity use for single occupant households showing 
respondents’ energy use self-assessment 

 

In accordance with the present results, one of the participants who shall be referred 

to as Leo (H29) thought that his household had low to medium energy usage while 

his actual energy use showed the use of more electricity than those who believed 

they were medium consumers. His assessment of his usage was based on him 

living with just one other person, a practice of turning appliances off when not in 

use and always trying to get onto the best tariff that was available however, 

reduction of energy use goes beyond the reasons he mentioned and further to this 

Leo was unemployed. This could suggest that in contrast to an individual who 

Energy Consumption/ Self assessment Motivation for self-assessment 

response 

 

 

 

 

 

 

“I try to be aware of the amount of 

energy we use. We live in a small 

bungalow and since moving here I 

have improved the insulation to lower 

the amount of heating required” (Ruth, 

H54) 

 

“Due to its reflection in our current 

energy bills” (Tim, H14) 

 

“I turn off all things when not in use. I 

try to find the best energy tariffs” (Leo, 

H29) 

 

 “In all day, equipment being used, on 

charge constantly. TV's, fans on all 

day” (Jacqui, H44) 
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departs from home daily to go to work, he may spend a lot of time using appliances 

in his home. Another suggestion could be that when Leo referred to switching 

appliances off, he may in action, have only put the said appliances on standby 

which still consumes some power. In addition, tariffs do not necessarily imply 

efficient energy use as people could relapse on their efforts towards saving energy 

when they feel as if the tariff does the job for them, thus resulting in higher usage. 

For Leo, a look at the appliance survey record provided showed that he owned 2 

televisions and one of them was a cathode ray tube television which is no longer 

on sale. This is because a cathode ray tube television consumes more energy than 

some modern televisions. Leo’s appliance survey records also noted that he did 

regular cooking using the oven.  

In contrast, a study participant referred to as Ruth (H54) who judged her household 

as medium to low used less electricity than Leo when assessed initially. This was 

because her assessment was motivated by a consciousness of how much energy 

was in fact being used and her conscious choice to take steps towards further 

energy use efficiency. Jacqui (H44), another participant, adjudged herself as a 

medium to high consumer based on how much she used appliances, and this was 

reflected in her actual consumption. In any case, it was concluded that the 

assessment variables (low, medium and high) were not the best values to use in 

measuring energy use as they were not able to place any meaningful quantity on 

usage since the measure for quantification could differ from person to person. That 

being said however, self-assessing perceived energy use was seen as something 

the householders could relate more with at that stage of the study. The following 

sections look at the lifestyle of the households in relation to the characteristics 

which guided their energy use quantification. 

4.3 Automaticity in daily living 
 

Automaticity in daily living is a theme coined from Darnton et al.'s (2011) discussion 

on the 3 pillars of habit. Darnton et al. (2011) posited that most of the energy 

intensive activities performed in dwellings happen as a result of inherent habits; 

which are considered as habits because they occur frequently within the same 

space almost subconsciously. Neal, Wood, & Quinn, (2006) corroborated this 

concept by stating that 45% of behaviours exhibited by humans take place in the 
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same location virtually every day. Recurrence of these activities over time result in 

the behaviour acquiring automaticity which is when people lack awareness, control 

and conscious intent whilst performing certain actions (Bargh 1994), these 

activities, which can be quite resource-intensive are part of daily life and are 

performed with no thought about the consequences of undertaking them.  The 

nature and importance of these activities makes it easier for them to be performed 

with little or no conscious cogitations, making such behaviours appear as though 

they are completely accidental (Triandis 1977). 

Conversations held with the study participants during the first interview supported 

Darnton et al.'s (2011) and Neal et al.'s (2006) position in that most households 

performed similar tasks at the same locations within their homes. Diversity in 

demographics play a role in how often activities took place and the time of the day 

they took place so for instance, employment (and school for those with children) 

was a determining factor for how often, when and in what manner people carried 

out some energy-related activities. This type of diversity in demographic 

determined what time householders woke up, when their heating came on, 

showering/ bathing times, cooking and other activities that made up their day. In 

this dataset, more occupants implied higher frequency of some of these activities 

taking place than other. Thus, the participant responses regarding this is 

evidenced below. 

Mat, whilst sharing information about his daily activities said: 

“I've always got up at the same time.  It's the same routine.” (Mat, 

Employed, Interview 1) 

In addition, Gemma when asked if the routine around her home has changed in 

recent years responded: 

“No, I have always been full time.  We are all full time so no, that is our 

routine.” (Gemma, Employed, Interview 1) 

Kelly reaffirmed Gemma’s position on routines as she shared that her daily routine 

is “more scheduled around work.” (Kelly, Interview 1) 

These responses showed that households replicated similar activities over a 

period (mostly the employed and those who had children that went to school). This 
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was however not the case with all households as Dora and Tim who were both 

retired and thus did not share similar views. They stated:  

“………….. no two days are the same, really, here.  We don't have a 

set routine, we don't have a planned routine, do we?   Sometimes we 

may have to go to hospital for either of us, so we might be out in the 

morning or we might have a hospital appointment in the afternoon, or 

we've got a doctor's,” (Tim, Interview 1) 

The evidence from the interviews showed that though daily routines could differ in 

some cases amongst people, the number of activities completed at these intervals 

are likely to be similar. The omission of activities usually carried out on specific 

days did not imply that it had been cancelled, but only meant that it had been 

postponed for a later day or time. For instance, showering sometimes had to be 

omitted or probably its time shortened when people felt they were running out of 

time.  

“Sometimes we take a quick shower, it just depends how we feel and 

how much time we've got.” (Paige, employed with children, Interview 

1) 

In addition to the repetitiveness of activities, it can also be observed that 

demographics played a huge role in how each household performed their daily 

activities, as reflected by the employed (and children of school age) who were likely 

to wake up, leave and return to the house at specific times. In contrast the 

unemployed and retired were more flexible with their daily activities. 

Notwithstanding the differences due to demographics, the crux of the matter is that 

humans generally perform similar activities over identical periods (e.g. daily, 

weekly), and the time at which they carry them out might differ for several reasons, 

but the tasks and objectives basically remain the same.  

Quantitative data collected from the study (see figure 4-3) showed that electricity 

use patterns appeared to be similar for some households, these comparable 

patterns were also backed by opinions from respondents that suggested that 

relationships exist between activities undertaken by individual households. The 

chart in figure 4-3 which is a cumulative hourly electricity usage measure for some 

households showed that daily consumption peaks at about 6pm when people are 
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likely to have returned home. From this time (6pm) people are likely to begin 

engaging with appliances for activities such as cooking, laundry and 

entertainment. Electricity consumption starts declining after 6pm until about 6am 

in the morning when consumption begins to go up (at about 6am) because 

appliances are likely to start coming into use from about 5am as people begin to 

get ready for the day’s activities.  

“But I get up an hour earlier. So, I will… while it's still dark, about 5 

o'clock I get up” (Kelly, Interview 1) 

 

This was mostly the case with those in employment and householders who had 

children of school age as compared to the unemployed and retired whose 

response were more like Tim’s below.  

“We get up various times these days, ……... Anywhere between seven 

and half ten, it just depends on what we're doing, really, so nothing 

more than that.  And I suppose it depends on (a) what we've got 

planned for the day or the week …” (Tim, Interview 1) 

 

All the graphs in figure 4-3 had 2 major peaks (one in the morning and another in 

the evening), which gives a clear representation of when households perform their 

energy intensive activities. This could also be an indication of when the 

householders are home. 

The graph for H55 which shows a higher electricity consumption in the morning 

shows some consistency with Alex’s statement that her laundry could be done 

during the morning or evening hours, emphasizing the fact that any slight or major 

dissimilarity in pattern between households does not imply a difference in activities 

engaged in but simply means that an activity has been postponed or has been 

performed at a different time.  
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Figure 4-3: Average hourly electricity use profile for 4 households over the study period and 
interview comments that correspond to the patterns 

 

Average hourly electricity use Comments on electricity use 

 

“And then probably from five-ish onwards 

we cook tea and then we might sit and 

watch telly for an hour together or 

something.  Do some washing and things 

like that” (Nicola, H32, Interview 1) 

 

“Oh, that's different, six o'clock at night, 

after we've washed up, we come in here, 

sit down and watch the telly and so 

obviously we keep that door closed.” 

(Tracy, H40, Interview 1) 

 

“My son gets home from school around 

5:00pm.  I don't usually get home from 

work until around 6:00pm…...things that 

will be in use then are the TV, the internet, 

social media, the cooker, maybe the 

washing machine if I haven't used it in the 

morning.” (Alex, H55, Interview 1) 

 

“So, I guess the main part of (energy) use 

would kind of happen later in the 

afternoon, so from about 4:30 onwards.  

And it would be things like lights, the 

cooker, microwave again, hot water, 

shower, washing machine maybe.” 

(Paula, H58, Interview 1) 
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Most householders indicated that they were likely to use more energy on 

Saturdays and Sundays than any other day of the week. A plot of the in-situ 

instrument electricity data showed that Sundays had the higher consumption than 

Saturdays for most families (see Figure 4-4). Householders (especially the 

employed and those within school age) were likely to be out of the house most 

days within the week except for weekends. Some people were also likely to work 

on Saturdays with Sunday being the only day householders were likely to spend 

more time in the house. 

 

Figure 4-4: Average daily electricity consumption profile grouped by days of the week with 
corresponding comments from interview. 

Cumulative average daily electricity use Comments on electricity use 

 

“Weekends are different 

obviously…………. Sunday morning 

everything's going because cook a 

breakfast on a Sunday and then 

obviously put the meat in for the dinner, 

whatever we're having.” (Kelly, H21, 

Interview 1) 

 

“My daughter and I just laid here and 

watched films (laughter) which was quite 

nice.  Then we ended up going to the chip 

shop (laughter) so I didn't even cook 

yesterday which was brilliant. I probably 

end up doing more washing at the 

weekend.” (Gemma, H35, Interview 1) 

 

“And then on a Saturday and Sunday 

because I'm at home more the TV is on 

more, social media, internet gets used 

more, and the washing machine gets 

used more.” (Alex, H55, Interview 1) 
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The graphs in figures 4-3 and 4-4 clearly illustrate the similarity that exist in daily 

living amongst different households, with any dissimilarities in patterns implying 

diversity in schedule as opposed to the absence of an activity. These similarities 

reaffirm the position of Darnton et al. (2011), Neal et al. (2006) and Bargh (1994) 

on the repetitive and duplicative lifestyle amongst different households. The 

following sections delve into the appliances whose use are represented by these 

activities and how they contribute to energy use variation between households. 

4.4 Appliance Ownership 
 

The ownership of appliances on its own does not define how much energy will be 

used by a home, nevertheless, the number of appliances owned and most 

importantly how they are utilised frames the structure upon which inefficient energy 

use is formulated.  It is worth mentioning that people will always own several 

appliances but in order to optimize their energy use, they must control the number 

and the type of appliances they own. Controlling appliance ownership is vital as 

studies show that the number of appliances owned in the UK’s residential sector 

continues to rise with no sign of slowing down (DBEIS 2017a). In concurrence with 

this appliance ownership have also accounted for 21% of energy use disparity in 

homes (Bedir, Hasselaar, and Itard 2013). The appliance survey on this study 

captured appliances such as televisions, computers, standalone electric heater, 

shower, hobs, ovens, microwaves, kettles, refrigerator, freezer, tumble dryers, 

washing machines and dishwashers as shown in table 4-1. The table also shows 

the average number of appliances owned by the 19-participating households, the 

table shows that dishwashers and standalone electric heaters had the least 

average number of 0.26 each, whilst all other appliances were numbered between 

0.26 and 1 with the exception of 2 infotainment appliances - televisions and 

computers - which had average numbers of 2 and 1.2 respectively.  
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Table 4-1: Average number of appliances owned by study participants 

Appliances Average 

number 

Dishwashers 0.26 

Washing machines 1 

Tumble dryers 0.47 

Refrigerators 1 

Freezers 0.47 

Kettles 1 

Microwaves 0.89 

Ovens 1 

Hobs 0.89 

Showers 1 

Televisions 2 

Electric standalone 

heaters 

0.26 

Computers 1.2 

 

Infotainment: Infotainment was one of the activities that resonated amongst 

respondents during the interview which corresponds with the fact that infotainment 

appliances have been known to contribute significantly to the variation in electricity 

use amongst householders (Baker and Rylatt 2008) due to increase in the number 

possessed by householders and the frequency at which they are used. In recent 

times, households have possessed more of these appliances due to luring 

marketing strategies and the fact that the products have become less expensive 

thus more accessible (Pothitou, Hanna, and Chalvatzis 2017). A study amongst 

14 UK households showed that these appliances can potentially be responsible 

for up to 23% of electricity consumption in the residential sector (Coleman et al. 

2012). On this study, the average number of TVs (2) and computers (1.2) remained 

lower than the UK average of 2.4 TVs and 1.4 computers respectively (DBEIS 

2017a). Although 3 of the participants of this study had a TV in every bedroom, 

including their lounge and employed participants were more likely to own more 
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than one TV, no strong relationship was found between multiple TV ownership and 

age, employment status, number of bedrooms or number of occupants. 

4.4.1  Factors that influence energy use variation 
 

This sub-section discusses age, energy efficiency and types of appliances as 

some of the factors that influence energy use variation between households. 

Age of appliances: In terms of energy consumption variation, research has shown 

that the age of some household appliances can contribute to variation in energy 

consumption (Hueppe et al. 2020). This variation exists with most appliances due 

to production of more energy efficient versions of products by manufacturers over 

the years or due to the deterioration of components on appliances. Refrigeration 

appliances for instance are a product that experiences deterioration in efficiency 

after production due to degradation of its foam insulation (Berardi 2019). This 

implies that older refrigeration appliances are likely to consume more energy than 

newer ones on a like for like basis. Hence, homes with older appliances may be 

more susceptible to relatively higher energy consumption in comparison to others 

who have newer appliances. A previous study has associated the use of older 

appliances with older and retired persons (Jones and Lomas 2016); however, no 

relationship was found between the ownership of older appliances and age or 

employment status of the householders in the present study. The majority (63%) 

of households had refrigerators that were at most 5 years old whilst approximately 

56% of freezers were 5 years old or less.  

Energy efficiency of appliances: Energy efficiency of appliances is another 

factor that could account for variation of electricity use between households 

(Damigos et al. 2020). The appliance survey did contain a question on the energy 

rating of home appliances however, only 21% of households provided any form of 

information about the energy efficiency rating of their home appliances. The 

information provided by the 21% of householders was incomplete as they omitted 

most appliances in their response and that coupled with the 79% of householders 

who could not provide the information requested about the energy efficiency of 

their appliances presented a clear limitation for the analysis of data in this area. 
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Nevertheless, 63% respondents confirmed using energy saving lighting in their 

homes.  

Types of appliance: Due to differences in operational power between varying 

types of the same appliance, another factor that could result in energy use variation 

between households is type of appliance they use as this has been observed to 

have a substantial impact on the amount of electricity consumed by a household 

(Jones and Lomas 2016). TVs for instance have evolved through the 

implementation of different technologies namely the cathode ray tube CRT, 

Plasma, liquid crystal display LCD and light emitting diode LED TVs with average 

on mode powers of 68W, 112W, 83W and 58W respectively (Energy Efficient 

Strategies Pty Ltd 2011). The variation in power usages gives insight to the fact 

that choice of appliances used in the home can make or mar efforts towards energy 

use optimization. In this study, one household had a CRT TV despite CRTs no 

longer remaining in production. Its ownership only implies that the householder 

has not changed their TV in quite some time (Jones and Lomas 2016).  

Approximately 53% of households in this study had LED televisions, and 16% 

owned plasma tv’s. Of the 16% who owned plasma TVs however, it was not 

confirmed the sizing and whether the TVs were set up for excessive electricity 

consumption. Given that a plasma television has the capacity to consume as much 

as 3.3 times more energy than LCD TVs (Zimmermann et al. 2012) and that in the 

same vein, consumption by appliances have been observed to increase with 

increase in size; the larger the appliance the more energy it is likely to consume 

compared to a smaller similar appliance. 

4.5 Appliances use 
 

There is no doubt that ownership of multiple units of appliances can factor into 

electricity use variation between households; nevertheless, another factor that is 

of greater concern than the number of appliances is the attitude of householders 

toward said appliances. Attitude in this context refers to how often the appliances 

are used, the mode or settings with which they are used. This is because frequency 

of appliance use has been known to account for 37% of energy use variation 

(Bedir, Hasselaar, and Itard 2013). Energy use is vital given the role that these 
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appliances play in daily living, however, caution needs to be applied on how these 

appliances are used.  

The opinion of respondents as recorded from the interviews and surveys 

highlighted some of the energy intensive activities they engaged in the most. Some 

of the activities as reported below include space and water heating, refrigeration 

and freezing, entertainment, lighting, showering, cooking and laundry. There 

responses showed that these activities were a key part of their routine since each 

one occurred at least once on a weekly basis and in some cases every day of the 

week. The only exception was space heating as some respondents reported 

engaging in this seasonally.  

4.5.1  Space Heating 
 

Most householders reported operating their heating system solely during winter 

whilst a few mentioned using it any time they felt the temperature drop to 

unbearable levels throughout the year. Ultimately, the majority of the respondents 

stated that their heating system is switched on anytime between the months of 

October and November and switched off between February and May. When asked 

what time in the year she switched their heating system on and off, Paige shared:  

“That depends on the weather, but I think that's around 

October/November.  October I would say…… When the summer 

comes, I completely switch off the heating on my boiler……... I think 

that's around May I do that.  April/May I would say.” (Paige, Interview 

1) 

With regards to Paige’s response, it is worth noting however, that delaying 

switching the heating on from the month of October to November can conserve an 

estimated 5.5% of energy used for space heating (Palmer, Terry, and Pope 2012). 

This conservation could also be the case if the heating is switched off earlier than 

usual. In summary, temperature regulation varied amongst the householders 

because of the difference in how people respond to the weather. Thermostat 

settings for the householders generally ranged between 18 degrees Celsius and 

22 degrees Celsius as reported by Leo, Paige and Kelly.  
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“It gets to about November time and then the heating will just be 

cranked up to 18.” (Leo, Interview 1) 

“Not very often but it just stays about 21 degrees, doesn't it, between 

21 and 22 degrees.” (Kelly, Interview 1) 

The indoor temperature interval for comfort as recommended by this study was 

between 18 to 21 degrees Celsius. Higher thermostat settings meant higher 

energy use and cost. Average room temperature could differ from thermostat 

temperature by several degrees if the heating was turned on after being off for a 

while, reducing thermostatic setting by as little as 1 degree would lessen the 

heating requirement of the room and save 13% of space heating energy perhaps 

not making too much of a difference to how the user feels if they are willing to wait 

long enough for the average room temperature to get closer to the thermostat 

temperature (Palmer, Terry, and Pope 2012). Approximately 37% of householders 

said that they switch their heating on at specific times in the mornings (usually first 

thing in the morning) and in the evenings. The total period within which they had 

their heating on at a stretch usually varied from 10 minutes to around 24 hours 

depending on how cold the householders felt. The amount of time within which the 

heating is used might be of little consequence if the thermostat is adjusted to the 

appropriate temperature.  

“We keep the heating up and the last three days, or two days perhaps, 

we've started leaving the heating on 24/7, but turned down to sort of 

about 18, …… It's usually been on in the night because the radiators 

are usually warm, and because of Chris's health conditions, we do 

keep the heating up quite a bit.” (Tracy, Interview 1) 

Tracy’s statement showed that Chris’s health and comfort was an important factor 

in determining how they used the heating system in their home. Householders who 

lived with vulnerable persons like children and adults with health issues made 

comments that indicated that they considered the comfort of vulnerable members 

of their family ahead of their own comfort and that health issues played a role in 

how they regulated the heating in their homes. 4 of the study respondents who 

lived with children within school age would put their heating on about the time their 

children woke up or when they returned from school during the winter period.  
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“We wake up, my son wakes up first and I set up the heating before 

he is awake.” (Paige, Interview 1) 

In terms of method of operation, the heating systems were either set to come on 

automatically at the certain times when the temperature drops to a specific value 

or manually operated by the householders. Approximately 16% of participants 

utilized thermostats in controlling their indoor temperature with the heating system 

kicking in when the internal temperature dropped below a set temperature.  

“Heating's set at thermostat so it goes on when it gets below a certain 

temperature, and I've noticed that that's sort of kicking in at about 

4:00am so it must be getting quite cold then”. (Nat, Interview 1) 

Nevertheless, some of the householders would override the heating system 

whenever they felt the need to, for as long as was considered necessary.  

“It comes to, in the end, if you're still not warm enough, you've got to 

turn the heating up.” (Mat, Interview 1) 

32% of respondents made statements that implied the availability of thermostatic 

valves on their radiators, the use of thermostatic valves to turn off heating when 

not in use and in rooms that are unused has been observed to offer savings of up 

to 4% (Palmer, Terry, and Pope 2012). In addition to how much savings can be 

made by reducing thermostatic temperature by 1 degree, energy users could 

further explore other savings approaches such as dressing in thicker jumpers and 

paying attention to how much heat their rooms can gain from the use of lights and 

additional appliances, hot water circulation losses and solar gains through 

windows (Palmer, Terry, and Pope 2012).  

4.5.2  Refrigeration and freezing 
 

Cold appliances such as refrigerators and freezers are designed to be on for most 

of their lifetime, however, their usage can make the difference to how much they 

contribute to the burden of energy over use. Information regarding the usage of 

cold appliances were not captured at this point for this study, but some practices 

that can make a difference are worth mentioning at this stage. These include 

actions such as limiting its stocking capacity, applying appropriate internal 
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temperatures through its regulator, ensuring adequate temperature around where 

the appliance is situated (e.g. not placing it near a cooker) and how often its interior 

is exposed to external temperature. 

4.5.3  Entertainment 
 

As previously stated, research has shown that infotainment appliances can 

account for up to 23% of electricity use in 2012  (Coleman et al. 2012). This value 

shows an increase of 11% from 1990, and this rise in energy consumption is mostly 

due to how these appliances are used. As indicated earlier in the previous section; 

several participants owned multiple TV sets. Evidence from the interview showed 

that multiple TVs were not just simply owned but were also used by householders 

at the same time. For example, TVs were used at similar times in some homes 

because of a difference in entertainment choices amongst householders.  

“My husband has the television on most of the day, I have the 

television on upstairs because we don't like the same programmes 

(laughter), so I have a television upstairs.” (Kris, H43, Interview 1) 

Gemma’s response suggests that as many as 3 televisions would be on at a given 

time in the home.  

“That doesn't go on in the morning but, mine does in the bedroom only 

because my daughter and I, well she uses my room to get ready.  I like 

it for the news, and I like it to keep my eye on the time.   So, this TV 

never goes on until the evening.  This one doesn't come on until I 

would say about 6pm and then it will stay on all evening until we go to 

bed at 10pm. ………. If my son doesn't like what we are watching down 

here, he will have his TV on up in his room but nine times out of ten, 

he is on his phone, so he hasn't got the TV on.  The TV in my 

daughter's room mainly goes on at the weekend.” (Gemma, H35, 

Interview 1) 

The average TV viewing time for participants on this study was approximately 5.7 

hours daily which exceeded the UK average of 5 hours TV viewing time per person 

per day (Ofcom 2019). Whilst this finding is somewhat surprising, a possible 
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explanation for this might be that almost half (47%) of participants were either 

unemployed or retired so were likely to spend more time watching TV at home. In 

addition, 26% of participants were at least 65 years old and when the data was 

analysed, this group had the highest viewing time (6.8 hours) compared to other 

age groups (about 5.6 and 4.7 hours for 25-40 and 41-64 years old respectively). 

This finding was consistent with Ofcom's (2019) data that showed that persons 

above the age of 64 years are likely to watch their TVs more often than any of the 

younger age groups.  

Approximately 53% of households had their TVs on whenever they were awake 

and home, this meant most of the day for those who had schedules that did not 

require them to be out of the house very often. This could include the unemployed, 

retired and those who work from home.   

2 respondents reported having the television on whenever they were home even 

if they had no use for it or were engaged with other tasks around the house, whilst 

another would also have the TV on whilst sleeping. In accordance with the present 

results, previous studies have demonstrated that this is analogous with Pothitou et 

al.'s (2017) research which opined that householders perform other tasks while 

their TVs are on. 

“When I am home normally…………switch on the telly and even if I'm 

not watching it, the TV is on.  If I am in the kitchen the TV is on.  I cook 

the dinner and then we spend time, my son basically at the computer, 

me on the sofa with the TV and stuff like that.” (Paige, Interview 1) 

With regards to the above, some other households had a contrary approach as 2 

respondents shared that they were very likely to switch their televisions off when 

not in use.  

“The television is on most mornings………And then off if we're doing 

something else.” (Tracy, Interview 1) 

Approximately 21% of the participants said they had their televisions on more often 

over the weekend than during weekdays.  
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““Weekends are different obviously………Well there'd be more power 

used in the house because like the television will probably be on more” 

(Kelly, Interview 1) 

 

4.5.4  Lighting 
 

Overall, home lighting accounts for approximately 3% of entire household energy 

use (Palmer and Cooper 2012). Apart from 2 householders who reported the use 

of light for visibility at night and whilst home during the day, all other participants 

stated they only used their lights when they had to and were not wasteful with it. 

For instance, Ruth said she did not have to use her lights very often as there was 

a lamppost outside the house that threw some light into her home.  

“no lights on at night, because we have got a lamppost outside which 

does it for us, so yes.” (Ruth, Interview 1) 

On the technical survey, 63% of participants stated that at least 80% of their home 

lighting products were energy saving. The extent to which participants used energy 

efficient lighting is consistent with another study that shows that the conversion of 

80% of lighting to energy saving alternatives can yield on average savings of about 

230 kWh/annum per household (Terry et al. 2013), which could amount to 

approximately 50% of electricity typically used for lighting (Wall and Crosbie 2009).  

4.5.5  Showering 
 

Showers account for approximately 350.5 kWh of energy use per year 

(Zimmermann et al. 2012). Although the time of showering differed amongst 

householders, there was consistency with the frequency at which they showered. 

The average weekly showers taken per household on this study was 10.6. The 

standard deviation for the number of times households showered per week was 

5.6 which implies that the values were spread out over a large range (0 to 21). This 

outcome is consistent with Walker's (2009) report regarding the existence of 

significant differences between the number of showers taken by households. 8 

respondents reported that each householder showered once daily while 3 
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households stated that its occupants showered every other day, only one 

household showered twice daily. 

“She'll have a shower every other night, same as me, because we 

don't use the bath anymore because we've got a shower now, and 

that's about it really.” (Leo, Interview 1) 

“I always have a shower in the morning, not like I did today, at 

lunchtime, and then I'll have a shower in the evening.  So, twice a day, 

basically, I shower,” (Gary, Interview 1) 

5 participants said they adopted some energy saving practices that were likely to 

minimize the amount of energy used on showering in the house. One household 

thought it was easier and cost effective to wash in the sink while another would 

allow her showering to coincide with her gym time so she could shower at the gym 

after exercise. 

“I don't, I don't even shower a lot at home because I go to the gym 

across the road for a swim, so I tend to coincide that with needing a 

shower (laughter) and washing my hair.” (Nicola, Interview 1) 

4.5.6  Cooking 
 

Another activity that was noticeable was the preparation of hot drinks and meals. 

These activities required the frequent use of appliances such as kettles, 

microwaves, electric and gas hobs, electric and gas ovens, toasters, and cookers. 

The responses indicated that the frequency at which each household engaged with 

these appliances differed. Their cooking habits ranged from those who cooked 

once a month to those who cooked fresh meals daily. The households who cooked 

once over a long period only had to use the microwave to warm up the food they 

had stored while those who cooked daily were likely to use cookers and hobs daily. 

The cookers and hobs were more likely to be used to cook dinner than any other 

meal of the day and householders were least likely to use the cookers and hobs 

for cooking during the morning hours. Most of the energy used for cooking in the 

mornings was spent on the kettle or microwave which conforms with Zimmermann 

et al.'s (2012) findings.  
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“Sometimes it's the kettle, no, every day, every morning it's the kettle, 

sometimes it's the microwave, Tim has porridge …” (Tim, Interview 1) 

Cooking appliances were mostly used for dinner in the evenings between 16:30 

and 18:00 which is almost consistent with Zimmermann et al.'s (2012) findings that 

most cooking activities were performed between the hours of 17:00 and 18:00; 

Zimmermann et al. (2012) further stated that energy used for cooking per person 

reduces with increase in householders partaking in the meal.  

“So, I guess the main part of (energy) use would kind of happen later 

on in the afternoon, so from about 4:30 onwards.  And it would be 

things like lights, the cooker, microwave again, hot water, shower, 

washing machine maybe.” (Paula, H58, Interview 1) 

Hot drinks were a huge part of everyday life for most householders as they used 

their kettles to boil water for tea or coffee for an average of 6 times per day. A 

standard deviation of 4.8 showed that there was a significant difference between 

the number of times each household boiled their kettles.  

Kris reported to being a “massive tea drinker” as she boils her kettle about 13 times 

daily. She shared that,  

“I suppose most usage is the heating and that kettle, because I'm a 

massive tea drinker (laughter).” (Kris, Interview 1) 

Kris further stated that she applied a more sustainable behaviour to her tea 

drinking habit by not boiling more water than she needs at a time. 

“Mind you, I only use it a little bit of water each time I boil it, so it's very 

quick.” (Kris, Interview 1) 

The decision to boil as much water as is needed at a time could save over half of 

the energy that would normally be used to boil a full kettle given the disparity in 

volume between an average drinking mug and an average kettle. 

Some householders reported using kettles and cooking appliances more often 

over the weekend than during weekdays as they perhaps had to cook lunch and 

dinner at home on Saturdays and Sundays.  
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“… we're here more … probably the cooker's used a bit more at the 

weekend and the kettle's boiled quite a bit more, so yeah.” (Nat, 

Interview 1) 

4.5.7  Laundry and Dishwashing 
 

Energy use for appliances such as the washing machine, dishwasher and tumble 

dryers depended on how often they were utilized and the settings at which they 

were used. The study participants had an average weekly washing cycle of 4.2 

cycles/week which is lower than the average of 5.5 cycles per week from a 

previous study in the UK (Zimmermann et al. 2012). However, the frequency of 

cycles across the entire sample ranged from 1 to 10 cycles per week. Amongst the 

13 householders that discussed how often they did laundry, only one of them said 

she only washed at full load.  

“Then they moan if the washing machine is on in the day, so I do try to 

keep it on at night and I am conscious of it being a full load.…...” 

(Gemma, Interview 1) 

Washing at full load can be heavily influenced by the number of occupants that 

make up a household (73% of households had less than 3 occupants) as full loads 

are more likely to be guaranteed with more people in the home. Washing white 

and coloured clothes separately could also affect the householders capacity for a 

full load as such separation could result in two half loads rather than one full load. 

3 of the 13 householders that provided laundry records said they used the washing 

machine once a week, while 6 reported washing 3 to 4 times a week with another 

3 stating that they washed laundry daily.  

“I do washing once a week.” (Ruby, Interview 1) 

“Loads of washing up, and I normally do washing most days which is 

a bit bad I know.” (Nat, Interview 1) 

47% of respondents washed at temperatures of 40 degrees Celsius and below, 

while 3 households reported setting the machine to either quick wash or economy 

mode. Washing at lower temperatures, in economy mode or reducing the duration 

of a wash is very likely to reduce the amount of electricity expended on the activity.  
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The tumble dryer was used at an average of 3.5 cycles per week which was far 

less than 5 cycles/week from a previous study (Zimmermann et al. 2012). The ratio 

of average drying cycles and average washing cycles for those who had both 

washing machines and tumble dryers revealed that there was an average of 0.66 

drying cycles per wash which implies that 66% of the washing cycles were followed 

by a drying cycle. This is not consistent with Zimmermann et al.'s (2012) study 

which had a drying to washing cycles ratio of 0.81. Respondents who owned 

tumble dryers reported on their survey that they used them mostly in the winter 

and rainy weather, although 2 respondents reported to using the tumble dryer all 

year round. As opposed to a tumble dryer, 7 of the participants preferred using 

other to dry wet clothes. This included spreading of clothes on radiators or on 

suitable indoor surface and on outdoor airing lines.  

 “It's not very nice, so yes, I use radiators to dry my washing or I just 

hang them on the coat-hangers, that's it.” (Ruby, Interview 1) 

 “Drying, it'll either go outside or on here.  I refuse to use my tumble 

dryer unless I really need to…….” (Leo, Interview 1) 

26% of participants owned and used dishwashers. The average number of weekly 

dishwashing cycles for those who had the appliance was 4.3 cycles/week which is 

less than the average of 4.9 cycles/week from a study by Zimmermann et al. 

(2012). Presently, trials shows that the frequency of dishwashing has no influence 

on electricity consumption (Jones and Lomas 2016) as it does not reflect the 

temperature or duration of the wash. This is in direct contrast with the duration of 

washes however, as that significantly influences energy use (Bedir, Hasselaar, 

and Itard 2013). The setting at which dishes are washed may also have an 

influence on energy use as a quick wash setting is expected to use less energy 

than an intensive wash setting. All dishwasher owners reported using the 

appliance in economy mode. 

4.5.8  Standby appliances 
 

42% of participants said they usually put their appliances on standby when they 

are not using them actively, with the television being the most notable of those 

appliances. For this study, it became evident to the researcher that participants 
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would rather have their television on standby than switch it off at the wall when not 

in use or when they are off to bed. Given that  standby load accounts for at least 

7% of electricity use in UK homes (Coleman et al. 2012), chances are they either 

do not know that electrical appliances consume a little amount of energy when 

they are on standby, do not want to bother about turning the appliance off or are 

willing to prioritise personal satisfaction over energy conservation. A further look 

at TV use from the study record showed that some householders were either not 

bothered about turning appliances off or were ready to prioritise elsewhere, for 

example recording their favourite TV programme at the expense of standby 

electricity use. Rebecca for instance obviously understood the implication of 

having appliances on standby but was willing to trade the conservation potential 

for recording of programmes on her virgin box.  

“We just switch the telly off, but it's on standby all the time, and the 

Virgin box, and, obviously, we've got, like, modems and stuff and they 

stay on.  I don't switch any plug sockets off at all.” (Jayne, Interview 1) 

42% of respondents confirmed also having either their mobile devices or chargers 

plugged in most of the day and overnight whilst 16% said they were not likely to 

have mobile devices charging overnight.  

“The phone chargers, they're constantly plugged in” (Rebecca, 

Interview 1) 

“Interviewer: Do you charge anything overnight? 

Nat: Yeah.  Standard, phone, laptop (laughing) iPads.” (Nat, Interview 

1) 

Having appliances always connected to the grid even when not in use contributes 

to the total amount of electricity used by the household. Switching appliances off 

at the socket or unplugging them when not in use can conserve a huge chunk of 

the 7% energy lost to standby load. 
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4.5.9  Engaging in collective activities 
 

It is realistic to say that households are likely to save on energy use if they 

collectively engaged in home activities together rather than individually. This 

statement is reinforced by a study that shows that the amount electricity used for 

cooking can be optimized if food was prepared for more than 2 persons or if people 

did their laundries together (Zimmermann et al. 2012). This should also be the 

case if householders watched the same programme on one TV rather than multiple 

programmes on several TVs.  

Doing laundry collectively as a household is likely to be more efficient because it 

means more can be washed at once and this is likely to guarantee full loads at 

every wash. It will also reduce the number of weekly laundry cycles; with this 

singular act increasing the likelihood of reducing the energy consumption per 

person in a household (Zimmermann et al. 2012). A probe was carried out by the 

researcher on how often homes performed activities together. Some households 

reported that they mostly try to stay out of each other’s way as their schedules and 

choices were usually different.  

“we do what we like.  It's a joy of being retired, yes.” (Ruth, Interview 

1) 

A few of the participants (mostly those with younger children) said they 

occasionally engaged in activities such as laundry, eating meals and watching TV 

together. Rebecca statement implied that her household were more likely to spend 

time together in the evenings and over the weekend.  

 “So, on a weekday it's, you know, we just do it because obviously 

we've got school and work so whoever gets there first is in there first, 

so we don't really spend a lot of time together in the mornings.  At 

night, we tend to do it so I'm cooking tea ……...we'll sit down to eat.  

At weekends we do… on a Sunday we do have like family time where 

we'll sit together, we'll watch a programme or board game or we'll do 

something even if we're not at home and we go off for a walk with the 

dog, we'll do something so we're all together.” (Rebecca, Interview 1) 
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This section of the chapter has shown mixed outcomes from appliance use 

amongst households. While some of them displayed positive practices in 

conducting themselves at home, some others behaved in much less sustainable 

ways and their behaviours were not very encouraging. It is worth noting that while 

the power wasted in some circumstances might appear to be little, it can 

collectively amount to a substantial amount in the long run, hence, minimizing such 

practice will undoubtedly save energy users money and contribute to saving the 

planet. 

4.6 Billings and tariffs 
 

Energy billing is a form of feedback that can be used to provide energy users 

information about their consumption and its cost implication, and another way that 

energy users perceive their energy use behaviour. A review of billing by Darby 

(2006) showed that billings can contain extensive information which includes 

energy use trend over time, changes in energy use between periods, periodic 

energy reports and comparative data. Billing when informative, in a way that is 

tailored to the consumers’ needs, can yield savings of up to 12% (Darby 2006). A 

similar study conducted amongst German participants found the use of informative 

billing in electricity conservation as ineffective and only depends on the context 

within which it is applied (Meub, Runst, and Leyen 2019).  

4.6.1  Bill Payment 
 

Energy bills can be offset via bank standing orders or direct debits, prepayment 

and post usage payment methods. Approximately 79% of the households paid 

their bills by setting up direct debit while the other 21% used payment methods 

such as online payment, bank transfer and pay point. Although direct debit 

payments offered cheaper rates, people preferred the other payment methods 

because of the flexibility it offered and for fear that they might not have money in 

their accounts when the bank tries to take out the standing order payment. Others 

did not use the direct debit option to allow room and time to look at their bills and 

possibly query anything they do not agree with. Another set of households did not 
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because they had small incomes and thought it easier to pay at their convenience 

rather than via direct debit.  

“At the moment I pay every three months…….” (Paige, Interview 1) 

“I pay online actually and I don't pay on direct…….” (Gary, Interview 

1) 

“Well the problem is with paying on PayPoint is, you don't get the same 

rate as you do if you pay by standing order.  But as we have a fairly 

small income, I always think no I will do the cash, and then I know it's 

there, and then I will pay it.” (Ruth, Interview 1) 

Participants seemed to prefer to use direct debit because it was the cheaper and 

easier option and allows for better planning or budgeting of their finances. 

“I pay all my bills by direct debit, I find that easier, because money 

goes in, I've got a calendar on my phone, I know exactly what goes 

out what days and what comes in.” (Ruby, Interview 1) 

Bills were provided in two ways; via actual reading in circumstances where the 

service provider received the energy use meter reading or via estimation if the 

service provider could not get the actual reading on the meter before the bill was 

prepared. The implication is that with the actual reading, the user gets to pay 

exactly what was used while with the estimated bill, the user could receive a bill 

that is higher or lower than what was consumed in present actuality since the bill 

would have been computed based on previously available records.   

“Normally they are read, but then if they're estimated I always go and 

read them, check them and if there is a big difference then I will do it 

on the internet and send our readings over.  ……. they're either read 

or I read them and send it through.” (Jacqui, Interview 1) 

Approximately 32% of respondents reported that they worried about their bills while 

another 63% said bills did not bother them. The majority (83%) of households that 

worried about their bills were employed, hence, this finding broadly supports that 

the employed in the sample were more likely to be worried about their bills. Some 

of the reasons why they were worried about their bills included low income and 
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poor health which would mean they would spend a high proportion of their income 

on heating (fuel poverty) or would not be able to work, generating enough income 

to cover payment of their bills. In addition, some respondents complained that their 

bills had a tendency of always increasing and exceeded what they were willing to 

pay; thus old and inefficient heating units was also mentioned as one of the 

reasons why households were concerned about their bills.  

“Yes, because sometimes it's a bad week, for example. now I have 

some health problems and I didn't do” (Paige, Interview 1) 

 “I probably could pay less but I just worry because my radiators, these 

storage heaters are old, I haven't got the money to replace them to 

have more energy efficient ones ……….” (Gemma, Interview 1) 

Ruth stated that her worries regarding bills was seasonal as bills were likely to be 

higher in the winter due to a need for more heating compared to the summer.  

“All the time yes.  Not so much in the summer, because there is nothing 

on in the summer.  Yes in the winter I think.” (Ruth, Interview 1) 

On the other hand, those who were not bothered about paying their bills did so 

because they were either employed and had their payment set up on direct debit, 

so requiring very little management or their bills were within a range that they 

considered acceptable in comparison to their energy usage.  

“I guess for a family of five it's kind of quite low, or it feels quite low.  I 

don't really want to pay any more but it doesn't feel like I'm overpaying.” 

(Paula, Interview 1) 

Additionally, one of the study participants Rebecca, believed that she was obliged 

to pay for what has been used by her household.  

“……… you know, you use it, you need it, so it's just a case of it's just 

got to be paid so I don't even think about it.” (Rebecca, Interview 1) 

4.6.2  Tariffs 
 

Tariffs are used by energy suppliers to accommodate diverse customer needs and 

energy bills for similar households can vary due to the difference in tariffs 
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subscribed to (DECC 2015b). Tariffs offered to energy users can overlap each 

other and can differ based on time, region, payment method, unit price and meter 

type. Surprisingly, although service providers for households on this project varied, 

the type of tariff subscribed to by households were similar. About 37% of 

households were on standard plans; a basic deal offered by service providers if a 

client does not subscribe to any specific tariff that offers no distinction in prices 

between day and night time, and is used by 86% of electricity customers in the UK 

(DECC 2015b). 47% of households were on fixed tariff plans which meant that the 

unit price for fuel was going to remain unchanged for a period, regardless of any 

change in the market price of the commodity. The rest of the respondents (16%) 

reported being on an economy 7 tariff which offers a separate unit cost for day and 

night electricity usage. 63% of respondents had either changed their suppliers or 

tariffs at one time or the other in their present home. Their reasons for changing 

included being guaranteed a steady price over a period, cheaper unit rates and 

incentives from service providers.  

“I was quite happy with that and that was a two-year fixed rate.” (Priya, 

Interview 1) 

“I always go for whatever's the cheapest when I'm changing. ….. I do 

tend to look around to try and find a cheaper deal.” (Alex, Interview 1) 

I think the reason I changed to Marks and Spencer's was they lured 

me with a voucher (laughter) as they normally do, so there wasn't any 

real reason. (Paula, Interview 1) 

Fixed rates would be acceptable to the households given that some of them 

identified frequent change in energy cost as one of the reasons why they worry 

about their bills. Energy consumers appeared not to understand the existing 

relationship between their tariff choices and their usage:  

“We've been with them for a while, probably the best part of five or six 

years really.  I guess it's because I don't really understand how it all 

works, I just look at the monthly figure and if it seems better then I'll 

change, if not I won't bother.” (Paula, Interview 2) 
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Not understanding the existing relationship between tariff choices and usage is 

consistent with the findings of Belton & Lunn (2020) which cite the lack of 

understanding on what tariffs comprise of as a probable reason for mixed opinions 

and the frequency at which service users switch tariffs and suppliers. Scepticism 

from energy users regarding this is most likely borne of the impression that the 

service providers only promise savings but are quite imprecise with information on 

how the tariff being proposed really works.  

“It worked out that something underlying was dearer.  The price of it 

was cheaper, but something underneath was dearer and then that, 

after the, whatever, six months, whatever, quarterly, made it 

more……... but it was just a scam for them to earn a percentage,” (Leo, 

Interview 2) 

The study found that the majority of respondents were not confident on the success 

of tariff change in the long run because their bills always seemed more after a 

while on a new tariff. Because of this, it was concluded that the respondents 

assume that a new tariff could still guarantee acceptable bills even if they used 

energy inappropriately.  

One of the study participants - Tim believed the savings from changing suppliers 

or tariff was not worth the hassle and that if people used energy within their budget, 

there will be no use for frequent changes in suppliers or tariffs.  

“I know some people switch every couple of years or will tend to go on 

these fixed rate tariffs for 18 months and then they're jumping round 

suppliers and all the rest of it, I can't see the validity of that myself.  If 

you're keeping within the budgets that you know that you're going to 

be able to do with, why keep moving it, why switch?” (Tim, Interview 

1) 

Tim’s position is only true to the extent that tariff change alone cannot guarantee 

affordable energy costs. Although tariffs can offer cheaper rates to energy users, 

nonetheless, using the best tariff with poor energy use behaviour will only yield 

negative results. Hence, tariffs are likely to be more effective if they are understood 

by the service users and are combined with optimal energy use behaviour. This is 

because, as study shows; poor information on tariffs can lead to relapse in 
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behavioural intentions regarding energy use (Layer, Feurer, and Jochem 2017). 

Darby & Pisica (2013) in their study also posited that customers are more willing 

to adopt newer tariff options if they are continually updated with information by their 

suppliers. However, reduction of energy bills goes beyond adopting new tariffs. 

These tariffs are only effective if they are adopted alongside new and optimal 

energy use behaviours. Such behaviour should not be temporary but adopted as 

a continuous way of life. 

 

4.7 Conclusions 
 

This section of the thesis accords with previous studies that focused on the 

relationship with energy intensive activities amongst households. It also gave an 

insight into some of the ways in which householders view energy use in homes. 

This study identified patterns between households with regards to daily activities 

and energy use. Some household activities were observed to be habitual thus 

carried out without much thought about consequences that could result from it. 

Although demographics played a role in frequency and time of action, the activities 

remained similar across the households and were still performed over identical 

periods (e.g. most homes reported preparing dinner between 16:30 and 18:00). 

The data also highlighted that households were more likely to engage in laundry 

and meals together than the watching of TV programmes. Engaging in activities 

collectively is vital as it can reduce the amount of energy used per person in 

households.   

While the average number of appliances for the households in the study dataset 

were lower than the UK’s average as reported by previous studies, the fact that 

the number of households that owned multiple computers and TVs stood at 31% 

and 58% respectively suggests unsustainability, given the energy use share of 

these appliances in the home. In addition, TV viewing houses exceeded the 

national average owing to the fact that 47% of the sample size were either 

unemployed or retired. 

Other findings uncovered at this stage of the study included that the number of 

households reported as using thermostats and valves for their heating system was 
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low, with the implication that those who were without them were likely to lose out 

of the savings these devices can provide. Further to this, 42% of households 

declared leaving appliances on standby mode while not in use leading to more 

implications.  The amount of energy that can be wasted through such 

unsustainable practices becomes more when adding the 42% for continually 

having chargers plugged in and leaving appliances such as the TV on whilst 

engaging in other activities. This infers that the householders could be using 

energy through some appliances without realizing.  

Households in employment were more likely to be worried about their energy bills 

due to either low income, poor health and inefficient heating systems which could 

result in fuel poverty. They were also worried about their bills and the likelihood of 

their increase to an extent that would exceed their budget. The data showed that 

households changed tariffs and suppliers because they wanted steady and 

cheaper energy bills but that these changes were not satisfactory for long as the 

bills increased after a while. The respondents highlighted that households are not 

provided with comprehensive information about tariffs which could make them 

adopt new rates, acting almost as a magic wand that could solve the problem of 

energy cost, but unfortunately was not the case. Notwithstanding the tariff 

subscribed to, it was evident that bills were computed based on the amount of 

energy used and the only way to get the best out of tariffs is via the optimization of 

household energy consumption.  

This chapter has also provided information on how participants viewed and used 

energy. This will serve as a background for chapters 5 and 6 which will delve 

further into how households interacted with the intervention and the effect these 

interventions had on their energy use and indoor environment behaviour.  
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Chapter 5 

5 Interacting with dashboard and serious game 

amongst social households 

5.1 Introduction 

 

Chapter 4 of this study looked at the ways which householders see energy and 

some of the perceptions that informed their actual energy use. Given the lapse 

associated with some of the ways in which energy use is perceived, there was a 

need to avail households with energy use information via mediums that are clearer 

and easier to understand. This is more so because poor energy use has 

sometimes been attributed to insufficient knowledge about how much various 

appliances the home consumes (Zimmermann et al. 2012). In a similar vein, 

information about indoor environment conditions can also go a long way in 

informing people about how healthy the environment around them is, leading them 

to take actions that can improve their indoor environment conditions. This 

information was provided for the households using an energy dashboard and 

serious game. The energy dashboard provided feedback information on energy 

use and indoor environment whilst also offering participants hints, tips and energy 

use and indoor environment condition best practices. In house displays which 

provide householders with information about energy use such as the dashboard 

used in this study have been seen to save up to 24.5% (Podgornik, Sucic, and 

Blazic 2016) of energy used in the home while serious games have also been 

found to advance the course of energy use optimization by yielding average 

savings of up to 24% (Geelen et al. 2012).  

The section of results discussed above focuses on the outcome of the first 

interview (4 to 8 weeks after the deployment of the dashboard) and second 

interviews (4 to 6 weeks after the deployment of the serious game). It reports how 

the users felt and engaged with the interventions (dashboard and serious game), 

the journey through adopting the new tools in their daily lives and possible 

takeaways from the study (if any). The outcome of this chapter serves as initial 
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insight into the first and second research questions, these questions sought to 

investigate if the dashboard only or if a combination of the dashboard and serious 

game resulted in behaviour change amongst participants. Chapter 6 uses the data 

from the in-situ equipment deployment to provide further understanding and 

validation to the outcome of this chapter.  

5.2 Dashboard Interaction 

 

One of the targets of the study was for the participants to be able to relate energy 

use to the appliances that consume them, understanding the appliances based on 

the volume of energy they consume ranging from those who consume a modest 

amount energy over a long period (e.g. television) to the ones that use high 

wattage over a short period (e.g. kettle) (Wood et al. 2019). Participants were 

provided with IEQ data which was meant to prompt actions that would improve 

their indoor environment conditions. Energy consumption and IEQ data were 

provided at 30-minute intervals to prevent the participants from focusing so much 

on live data. The following subsections explore the transition that took place from 

when the study participants began using the dashboard through to how they made 

sense of its content, and any changes in behaviour that might have taken place 

because of the dashboard.  

5.2.1 . Initial impression 

 

As an initial impression, half of the householders were either confused or 

overwhelmed during their first few encounters with the dashboard as reported 

during the first interview (see table 5-1), whilst the other 50% shared how 

interesting it was to try new ideas. The novelty of the idea to them yielded lots of 

expectations which was met when the dashboard went live: 

“I was, I suppose, quite excited about it because it was something new 

and looking forward to what I was going to get out of it, what it was 

going to show me.  ……… switching it on, kicking it in and it lights up 

for the first time, I was probably like a kid with a new toy.  “Oh look, we 

can check this, we can look at this.”” (Mat, Interview 1) 
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The half that struggled to make sense of the dashboard at the initial stage felt that 

way either because they did not have a grasp of how to use the application or they 

struggled with relating the various functions of the dashboard to their households. 

Kuhlthau (1991) opined that it is common for people to experience ambiguity at 

initial stages of information discovery as was the case with the dashboard users. 

The feelings and thoughts of the householders at this stage is synonymous with 

Kuhlthau's exploration stage of information search processes, where people feel a 

sense of confusion and frustration when trying to make sense of new information.  

Table 5-1: Responses on use of the dashboard between the first and second interview 

Interview 1 Interview 2 

“To be honest, I couldn't quite see how it 

represented my rooms, if you know what I 

mean, and I still don't really.  So, it was 

interesting to see and play with initially, but 

I didn't really see how I could, sort of, 

benefit from it.” (Gary) 

“I am now, yes.  Using it, obviously, 

………... I wouldn’t have had any 

understanding, but now I do.  Like I 

say, switch it on.  I know your dials.  I 

know your graph.  I know what I’ve 

used.  I know how much I’ve used” 

(Leo) 

“I think maybe from the start, it was just a 

bit confusing.  It was just a bit like … I don't 

actually know.  I don't know if it's just me, 

but I wasn't sure what I was doing that was 

making you aware of what I was doing.” 

(Jayne) 

“Yes, definitely.  Like I say, it just took 

longer to get used to it.” (Alex) 

“Oh my God (laughter).  I thought, wow.  I 

mean, I don't really know what I thought, I 

just felt a bit overwhelmed I guess.” 

(Paula) 

“Yes, it definitely made sense and I 

was able to use it more than I’d 

previously been using it.” (Paula) 

 

By the second interview (see table 5-1), the opinions of the 50% of householders 

who struggled with using the dashboard had changed from what it was during the 

first interview. This is probably because they had spent more time with the 

dashboard and also put in some more thought and reflection into integrating it into 

their lives. This finding concurs with the findings of  Epstein, Ping, Fogarty, & 
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Munson, (2015) that discuss the importance of reflection as people encounter new 

information. Reflection goes a long way in helping people make sense of newfound 

information. The insight from the latter reflection led respondents to testify that they 

were all confident with the dashboard. Further to this, they also went ahead to 

show the interviewer they could navigate the dashboard to perform at least one 

task. Some of these respondents implied that generational difference was the 

reason behind the slow progress in some of them understanding how to use the 

dashboard: 

“It’s more.  I’ve got a bit more used to it.  I take a look at it first.  It’s 

strange isn’t it because if it was in a book, I’d be better off, because 

that’s the way I’ve always learned.  Whereas your generation learnt all 

of these and I wouldn’t say I’m frightened of it, but I’m not familiar with 

it.  Three-year olds can work these better than I can.” (Ruth, Interview 

2) 

Though 78% of the respondents who were slow to understand the app were older 

than 40 years, this finding is not enough to conclude that age was a factor given 

the uneven distribution of age groups in the sample used for the study. In addition, 

although the journey to adapting to the dashboard app differed amongst 

participants, the overall view of respondents by the second interview was that the 

energy dashboard application was simple and easy to use, Rebecca articulated 

their position on the usability of the dashboard by stating that “you don't need to 

be a rocket scientist to realise that you just press that button and it does that” 

(Rebecca, Interview 2).  

5.2.2 . Engaging with the dashboard 

 

The dashboard application was used at least once a week by 15 out of the 19 

participants, this included 6 householders that engaged with it daily and 4 

participants that used it between 2 to 5 times a week; one respondent reported not 

using the dashboard at all. The frequency of use reduced over the period of the 

study; and by the second interview, the dashboard was used at least once a week 

by 10 households. Poor health and work engagements were cited as the reasons 
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for reduction in the frequency of use of the dashboard. Householders were likely 

to look at the dashboard when they returned from work at the end of the day:  

“I tend to look at it most evenings.  I don't really look at it in a great 

deal of, you know, I don't spend ages on it, I just sort of look” (Alex, 

Interview 2) 

The users while exploring the app began looking for relevant information that 

corresponded with their interests or were suitable to their homes. Most of the 

householders were motivated to look at it to either learn from the hints and tips 

section or “account for the peaks and troughs” (Mat, Interview 2) displayed by the 

historical information section of the dashboard. The indoor environment conditions 

and hints and tips displays were the most used of all the dashboard features with 

the percentage of respondents that reported viewing the indoor environment 

conditions, hints and tips at the first interview was approximately 90% and 84% 

respectively. By the second interview 4 months later, the number of respondents 

using the IEQ and hint and tips reduced to less than 50% and slightly above 50% 

respectively.  

Of the 3 indoor environment variables measured during the intervention, humidity 

got the least attention from respondents in the first interview. This may have been 

because the reading for “humidity tends to be pretty static” (Tim and Dora, 

Interview 2) and respondents thought humidity, being all about water vapour, did 

not pose any major threat. Jayne had the following to say about humidity 

monitoring: 

“The humidity and stuff like that, I didn't really understand what it meant 

in the sense of I didn't know if it was relating to the condensation or 

not.” (Jayne, Interview 1) 

Temperature got the most attention from the participants probably because it was 

the element they could relate to most easily because of its role in indoor comfort 

and energy use (heating and cooling of homes). Temperature is also a determinant 

in a household’s cumulative energy bill. Householders seemed to express worry 

whenever the conditions were outside of their ideal boundaries: 
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“Because the odd thing I did notice about it was, as I told you I am up 

at 5:00am, and Roy is up at 8:00ish, sometimes 7:00am, and we have 

a CO2 peak.  What would cause a CO2 peak?” (Ruth, Interview 2) 

Engaging with hints and tips: Householders “quite enjoyed having a look round 

and reading the hints and tips” (Nicola, Interview 2) and most of the respondents 

were motivated to view the hints and tips because it provided them with pro-

environment information that could be promptly put into practice or that reminded 

them of practices they already knew about as stated by Rebecca, 

“I think there's four bits that give you hints and tips and I've been 

through them, I've looked at them and I'm like, yeah, I do that already, 

so yeah, I found they were quite helpful as well because there were 

certain things that I didn't know that I could do and I was like, well 

actually yeah, I could do that, yeah that's easy, so yeah…” (Rebecca, 

Interview 2) 

Another reason why the hints and tips section got more attention was because it 

had a gamified reward system which earned users points as they progressed on 

its content. 2 respondents stated at the first interview that the hints and tips was 

the only dashboard feature they had used. Frequent visits to the hints and tips 

helped the user retain and apply the information they frequently encountered. 

Paige revealed some interesting information from the hints and tips when she 

shared that, 

“I find a lot of stuff here; save energy with your fridge.  What you have 

to do, that's really good.  I never think about it; if you want to save 

energy don't fill up your fridge or don't put in a sunny place near to the 

radiator.  I've never thought about it and now yes, it's really good.” 

(Paige, Interview 2) 

Information acquired from the dashboard such as the one shared by Paige 

prompted Jayne to take a decisive action around her house,  

“I did look at that one actually. I emptied my freezer out because I had 

loads of stuff.  I did change it.” (Jayne, Interview 2) 

 



157 
 

Engaging with energy data: 8 respondents used the dashboard to frequently 

view electricity and gas consumption and the cost associated with it. Information 

preference varied between them; and some participants preferred to look at how 

much they used or spent in a day or over a period and what time they used it. This 

allowed them to connect their consumptions with their activities and appliance use. 

Additionally, they viewed how much energy they use in a day compared to the 

same day the previous week. One participant Mat made the following remarks in 

response to how they used the application to view energy consumption volume 

and cost: 

“On the summary page, right, it shows you. So that would have been 

when the gas, when I said to you it comes on at 6:50am.  So that's it 

going up and then it's come back down again.  I mean, that's stayed 

on a little bit longer because, obviously, I had the cooker on this 

morning, making some toast………. and it says it was £1.59 more than 

the previous week, but this one was £5.35 more than the previous 

week” (Mat, Interview 2) 

This showed that participants could relate the data provided by the dashboard with 

home activities. Only 3 out of 8 householders that reported using the energy use 

history section frequently either did not see any values on the page or did not 

understand what it was meant for. The other 5 participants found the energy use 

history section helpful as it was able to provide them with historical consumption 

and indoor environment value for any previous date over the trial period. The 

information helped participants to relate the historical readings with their activities 

and appliance use. Kelly and Brian and Gemma emphasized that the historical 

data sometimes got them thinking about the reasons behind the readings they 

encountered on the dashboard.  

“When I do look at it, I can tell when I've put my tumble dryer on and 

stuff like that, that's why I try and figure out why did it go up then?” 

(Kelly and Brian, Interview 2) 

“Yes.  I was like what where we doing Wednesday?  I didn't use them 

much Wednesday, I don't think I cooked on Wednesday.” (Gemma) 
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The responses presented showed that the participants tried to process and make 

sense of the information provided by the dashboard (Kuhlthau 1991) (Wood et al. 

2019); thus putting some thought into the dashboard data that will consequently 

result in formulating approaches towards optimal energy use and IEQ lifestyles.  

Goal setting: The goals section of the application allowed participants to set up 

consumption targets that could lead to savings. Only one participant out of the 3 

who mentioned encountering the goals section was able to successfully set up 

consumption targets for use on the goals section of the application. As discussed 

and conducted in this study, goal setting is more effective when combined with 

feedback (Nye and Burgess 2008). While some respondents were quite 

pessimistic about setting goals as they believed it had no bearing on saving 

money, others had contrary views. One participant Nat for instance commented 

that she liked the idea of being able to set goals for herself and whenever she did, 

she made every effort to achieve it. Nat, like a few other householders, set 

personal targets that were not based on the app for themselves. They set informal 

goals for themselves by deciding on periodic budget targets, comparing energy 

use between two successive weeks and being determined to always stay within 

the green ambience area of the IEQ dial (Wood et al. 2019).  

“…if I'm tempted, tempted to put the heating on or the tumble dryer on, 

then I'll just have a quick look. And then obviously because I keep an 

eye on the budget and I try… it's like a little game, like a little challenge 

to myself and if I achieve it, yay.” (Nat, interview 2) 

Navigating the dashboard features: The dashboard application had tabs that led 

to various informative features. The home page visualized the days electricity 

consumption, gas consumption, indoor environment conditions for the lounge and 

kitchen, and a summary of an average of the same variables. There were tabs on 

the main page that when tapped led to the hints and tips, history and menu pages; 

and the hints and tips contained text on pro-environment ideas while the history 

page has several tabs that displayed half hourly historical readings for each indoor 

environment variable, electricity and gas. The menu tab gave access to the goals 

page where, as discussed, users could set up savings targets and the workflow of 

the application connoted that the day information was available to any user once 
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they opened the application. The history, hints and tips required some effort in the 

form of single taps on the main page, while the goals section required more effort 

as it took 2 taps to access it. 

The extent to which the householders used each dashboard feature could have 

been based on factors such as effort required to access each feature, how 

informative they perceived the feature to be and whether the feature was 

aesthetically pleasing. The IEQ section of the dashboard recorded the most use 

and it was suggested that this was because it required the least effort to access 

as it was on the main page of the application.  

The IEQ section of the dashboard also provided information about the user’s 

indoor environment quality which is important to people as it relates to staying 

healthy.  

“It’s part of my daily living…it’s my routine now. Go on that. Oh look, 

it’s still in the green, in the green, in the green…As long as I know all 

them dials are within the green and they aren’t nowhere near the red, 

I’m happy…” (Leo, interview 2) 

IEQ information was reported with colour-coded dials which was appealing and 

easier to understand.  

“The dials are easier because, obviously, it’s colour-coded” (Ruby, 

Interview 2) 

This is because colour coding in energy-related behavioural studies can help 

participants identify suitable and unsuitable practices (Jelsma 2006), it also shifts 

the obligation for right behaviour to users and can counter discreet behaviours 

embedded into daily living (Strengers 2011).   

Second to the IEQ, high usage was reported for the hints and tips feature which 

despite requiring a tap to reach was utilized a lot in all probability because it 

provided householders with valuable information about better in-home practices; 

in addition, the hints and tips also had a gamified element which some participants 

found rewarding so much so that 3 participants reported going back to it severally 

in a bid to earn more points. The energy consumption feature as important as it 

was and given that it was placed on the main page of the application did not get 
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the same attention as the IEQ section and could be said to have fallen below 

expectation as it managed to garner the attention of just about 42% of participants, 

this was probably because it was displayed with bar charts and units which 

perplexed the users, hence, not being clear or appealing enough.  

 “Well, the figure side of it just baffles me a little bit.” (Paula, Interview 

2) 

Most users however were likely to accept energy cost in pounds sterling over its 

consumption in kilowatts Hour. 

“only the tariffs (cost) as I mentioned, but yes, not the usage data, no.” 

(Kelly and Brian, Interview 2) 

Contrary to expectations, the goals section, which required the most effort to 

access, was barely used and some participants were not sure how helpful it was 

going to be to them.  

Frequency of dashboard use: 9 respondents reported using the project tablet for 

other purposes aside from the trial because it was handy. Using it for alternative 

purposes such as watching programmes, playing games and music, social media, 

school homework, checking e-mails and internet browsing meant that the tablet 

replaced tasks that would normally be undertaken on higher energy consumption 

devices such as televisions or computers. An effect of using the tablet for other 

purposes is that it reminded some participants to visit the energy dashboard 

application content more often.  

“Yes, because I do it every day.  It’s like an addiction now.  I always 

put it on.  It’s what I do now.  It’s part of my daily living.  As soon as 

that goes on, that app that I just put on there, that’ll go on first, then 

that goes off and then I go and watch a film.” (Leo, Interview 2) 

Nevertheless, this was not the case for all participants who used the tablet for 

alternative purposes. Some respondents did not use the dashboard application as 

much as they could have because they either did not have the time, forgot what 

they were meant to, did not know all that needed to be done or preferred using the 

device for other purposes. Some others stated no reason at all for not using it while 
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one participant blamed the lack of incentives as the reason for not using the 

application as much as expected.   

“No, just I think because I've done all the hints and tips, there's nothing 

else to go on for.  If they put something to incensiti-, you know, an 

incentive for me to go on and do something I'll do it.” (Nicola, Interview 

2) 

This participant probably found the game-like reward system on the hints and tips 

motivating and would have put in more effort to use the other sections of the 

application if they had a similar reward system built into them.  

5.2.3  Deciphering the dashboard information 
 

Over time, participants were gradually able to connect information supplied to them 

via the historical data feature of the dashboard to their daily lives and appliance 

use. Following this, they could relate the information to circumstances such as 

when they had appliances on or off.  

“When I do look at it, I can tell when I’ve put my tumble dryer on and 

stuff like that, that’s why I try and figure out, why did it go up 

then?” (Tim and Dora, Interview 1) 

Gradually, householders were able to frame a clearer picture of what the 

information being supplied meant; having gone from seeking basic information to 

gaining a deeper insight and a broader view of the story in the dashboard’s 

illustrations.  

“……… “Well yes, that's the heating coming on at 6:00am,” but it's 

gone back down.  It wasn't on until 9:00am but then it, sort of, struck 

me that, to make a graph, you've got to join the dots together and that's 

why it's so ….” (Mat, Interview 2) 

Some users whilst being able to relate their home activities to the dashboard data 

still appeared confused by the visualized data and the fact that they could not tell 

what appliance was responsible for the spike encountered on the graph. 
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 “I can see that something goes up at six  o'clock in the morning but I 

can see… you can see easily that Tom gets up at five, kettle goes on, 

the electric shower and it come down again and then it's back up again, 

so I'm guessing that's the electricity. But that's confusing to see what's 

what really.” (Kelly and Brian, Interview 2) 

Disaggregated appliance data would have provided a clearer view to Kelly and 

Brian’s puzzle, however, the study was not intended to provide users with ‘live’ 

energy data or information that was specific to appliances to prevent emphasis on 

high wattage appliances (e.g. kettle) whilst  ignoring appliances that consumed 

less energy instantaneously but were left on over longer periods (e.g. television) 

(Wood et al. 2019). Due to this, the data was provided with a 30 minutes delay. 

Although the dashboard information expected by some of the study participants 

differed, the ability of participants to link their choice of information to their daily 

living gradually yielded a new sense of awareness and accountability amongst 

them. Nat shared comments on how the trial had raised their consciousness: 

“Boiling the kettle, that's quite scary as well (laughing).  But there's 

certain things that obviously using it, it's making me more aware of 

how much energy it is actually using and to try and kerb it a little bit.” 

(Nat, Interview 2) 

Respondents made their choices of preferred dashboard features based on what 

was either easier to use, provided knowledge about healthy indoor conditions or 

optimum energy use. The reports on dashboard usage were significant because 

they evidenced respondents arriving at the point where they could make choices 

about their preferred information. This meant that they had moved past any 

confusion or doubts about the dashboard, gained confidence and further clarity 

and had begun to have a sense of direction about what to focus on (Kuhlthau 

1991).  

The IEQ as stated earlier got the highest attention probably because it was easier 

to understand and access. The IEQ provide households insight on the fact that 

temperature was not the only variable they needed to be concerned about in order 

to stay well and comfortable in the indoor environment: 
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“Because obviously beforehand the only thing I would sort of be aware 

of was temperature, not taking humidity or CO2 into the equation.  So, 

it is interesting for me personally to see that I'm sort of sticking within 

the ideal levels on these.” (Alex, Interview 2)  

Ruby expressed her interest in viewing the IEQ information while stating that she 

barely understood the information provided on energy use: 

“I don’t look at that bit [energy use], because I don’t understand really 

how to read it properly, but I read that bit [the summary] and I read the 

[IEQ] dials because I know the dials. If it’s in the red, there’s a 

problem.” (Ruby, Interview 2) 

In addition to colours, the IEQ also had its information displayed in numbers. Leo 

used the digit display in the IEQ section to gain information on the actual 

temperature in his house in comparison with how he felt at that moment, such 

practices can help optimize the use of heaters in the home.  

“I was thinking, “Well, it is a bit chilly in here. I wonder what it is. Click. 

Oh yes, it’s about 15, 16 [degrees Celsius], which is below the 18, but 

it’s still liveable. You know, you’re not going to die. It’s not minus one.” 

(Leo, Interview 2) 

The IEQ data also prompted householders to make decisions about the condition 

of their indoor environment. Poor indoor environment conditions could be 

detrimental to their health and wellbeing, hence, the need to take simple actions 

that could lead to its improvement based on the information provided by the IEQ 

section.  

“……… if you get a bit tired, it's probably because the air quality has 

dropped and occasionally I will do it even in an afternoon, just open 

the window for a couple of seconds, just to bring in fresh air.” (Chris 

and Tracy, Interview 2) 

There was expression of consciousness about the relative humidity of the home 

and its health implications: 



164 
 

“I’ve made sure to open windows because I know – I’ve seen how 

humid it is and that it’s, you know, not healthy for you to have it that 

high because I didn’t know that before we did this. I’m not a clever 

clogs. I didn’t know that much.” (Nicola, Interview 2) 

A few of the participants also expressed concern about CO2. This may have been 

because for most participants observing the level of CO2 in their homes was new 

and it can be mistaken it for the more dangerous carbon monoxide:  

“I never actually gave carbon dioxide a thought until you see the things 

on here because it's invisible.  I mean a light being left on is something 

that you can see so you can switch it off.  Carbon dioxide is there isn't 

it.” (Mat, Interview 1) 

The information provided by the feedback was at times verified by the 

householders recalling who was at home at specific times, what appliances were 

in use and confirming the consistency of the dashboard temperature reading by 

using the thermometer (Wood et al. 2019). These verifications improved 

participant interpretation of the application and helped them appreciate the data 

they were viewing.  

“all of a sudden there is a big peak in it because there is someone in 

here. So, it was fun to look at and see, ‘Oh yes no one was in there 

then.’ And then, ‘Oh yes we were all in there.’ Or, ‘Oh that was just me 

in there.’” (Chris and Tracy, Interview 2) 

Householders made sense and began enjoying the information provided on the 

hints and tips feature on how they could conserve energy. Energy use and costs 

were another feature the participants were inclined to use. The information made 

them reflect or investigate what appliances was in use at specific times. 

“It was interesting just having quick look and seeing what electricity is 

being used and where we’re using it. Or not where we’re using it, but I 

know what’s switched on at the moment and know what’s eating it” 

(Kelly and Brian, Interview 2) 

IHD devices such as the dashboard used for this study prevents the tendency of 

energy bills taking the householder by surprise, since the user is pre informed as 
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to what to expect on the bill. This can clear any doubts about the bill and help build 

confidence in the service provider. It also provides supplementary information that 

can help energy users plan for any exigencies emanating from energy use for a 

specific period.  

“……………… it actually tells you the exact amount of money you’ve 

used that month, and I like that, because I know where I stand 

moneywise then.  You’re not going to get any surprises at the end of 

the billing period or anything,” (Ruby, Interview 2) 

Tim and Dora shared similar sentiments with Ruby when they stated:  

“……..that happens every day of your lives if that's the way you cook, 

that's the way you lead your lives, if you cook at lunchtime and at five, 

six o'clock at night, your electricity's going to spike up and down or 

your gas is going to spike up and down, but if you don't realise that 

you've got this sort of thing available, you're not going to know that, 

you're just going to see the gas bill at the end of the day and the electric 

bill.”(Tim and Dora, Interview 2) 

5.2.4  Actions taken by participants due to dashboard 
 

Approximately 68% of participants clearly stated that they had learnt to be more 

conscious about their energy use and indoor environment conditions. They 

became more conscious because over time their confidence in the dashboard had 

increased. The percentage of householders that attributed their newfound 

consciousness to information on energy use, and indoor environment conditions, 

hints and tips were approximately 52%, 37% and 16% respectively. The new sense 

of awareness further led householders to assess their conduct within their 

dwellings. This resulted in them taking actions they felt were suitable for their 

livelihood. Actions taken by the participants include minimizing the electrical 

appliances such as the tumble dryer; switching lights off when they are not in use 

and using light sources as much as possible; exploring practical ways of keeping 

the heating in the house by shutting windows, doors and blinds; and opening 

windows more often to air the house out when cooking or when it is stuffy, as an 

alternative to using electrical fans. Further actions included making judgements on 
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the need for heating based on the actual temperature reading as opposed to 

householder feelings; dressing appropriately for the temperature; using the exact 

amount of water required for washing up and for boiling the kettle; attempting to 

wash clothes and plates in the relevant appliances only once a full load has 

accumulated; avoiding the use of running water when brushing the teeth; switching 

appliances off when not in use; allowing some room for air flow in the refrigerator 

and freezer; the purchase of energy efficient appliances and avoiding standby 

energy use.  

“I think I have probably.  It's made me think on the hints and tips.   I'm 

thinking, when it was particularly cold the other week, I didn't actually 

undrawn my curtains when it was really dull and murky and I thought 

we are all out at work, keep the curtains drawn and it will keep the heat 

in.” (Gemma, Interview 2) 

“……. we used to have fanlights and leave them open all the time and 

things like that, so we've always been a bit fresh air freaks, but at the 

same time it's made us think to actually physically open the window 

and let the air through.” (Chris and Tracy, Interview 2) 

“……...as soon as the washing machine is finished, ………I'll turn it off 

straight away.  ……… because I'm just thinking, “That's drawing 

power.”  It's them trivial things, but they've made me conscious about 

every single switch, you know, in the house.” (Gary, Interview 2) 

As discussed in the further actions, some participants used the temperature 

reading supplied by the dashboard to judge the actual temperature of their room, 

when and how much heating was required rather than judging by how they feel. 

“I was thinking, “Well, it is a bit chilly in here. I wonder what it is. Click. 

Oh yes, it’s about 15, 16 [degrees Celsius], which is below the 18, but 

it’s still liveable. You know, you’re not going to die. It’s not minus one.” 

(Leo, Interview 2) 

One of the potential downsides to this practice was experienced in multiple 

occupant households since thermal comfort varies from person to person and what 

is considered ideal for one might not be ideal for the other. Some respondents 
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mentioned adopting the practice of dressing appropriately for the weather; thus, 

adopting behaviours like putting on extra clothing when it gets cold indoors.  

“….. in the cold I didn’t have excessive heating, then again, there’s a 

bigger chance to get excessive heat with these (laughter), but rather 

turn a load of heat up, I’d rather put another jumper on” (Gary, 

Interview 2) 

The interaction of the householders with the dashboard made them realise how 

much energy was consumed by entertainment, cooking and laundry activities. 

These respondents were surprised at how much the TV, cookers, washing 

machines and tumble dryers consumed.  

“Since having the dashboard actually.  ………….. the tumble dryer, it's 

quite frightening when you see how much that uses really, isn't it?” 

(Nat, Interview 2) 

While they could not do without any of these activities, some participants learnt to 

perform the activities less frequently and more efficiently and, in the case of the 

tumble dryer, found alternative ways of drying laundry. The steps they took to 

reduce their expenses on cooking included the use of multiple compartment pots, 

the use of a mini cooker, boiling the exact amount of water that is needed for a 

drink, buying precooked meals that did not require a lot of subsequent cooking and 

the use of the microwave as much as possible.  

“Oh silly things like if we wanted baked potatoes, there is no way I 

would cook a baked potato for an hour in my oven, so we now buy 

frozen ones which are just as nice, and you stick them in the 

microwave for seven minutes. ” (Ruth, Interview 2) 

In order to optimize their laundry appliance use, participants mostly reduced the 

number of times they had to wash items and ensured that they washed only full 

loads. In addition, they used radiators and airers for the drying of laundry and then 

used the tumble dryer for a short period if they had to. 

“So overall I think it's focused us on usage, like when we want the 

tumble drier, we were looking at what we were actually…  Instead of 

taking it straight out of the washing machine and putting it straight in, 
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it's either going on a rack or going on the line before we put it in the 

tumble drier.” (Chris and Tracy, Interview 2) 

The major action taken to improve indoor air quality was to let more natural air into 

the house when the indoor environment condition did not feel conducive.  

“We're learning, and I mean, the CO2 we wouldn't have even 

considered before, and we're monitored watching it because, ………. 

Also, if you get a bit tired, it's probably because the air quality has 

dropped and occasionally I will do it even in an afternoon, just open 

the window for a couple of seconds, just to bring in fresh air.” (Chris 

and Tracy, Interview 2) 

This was the case with 8 participants who used this approach to enhance 

ventilation and moderate the humidity and CO2 level of their home. However, the 

downside to such practices, if not monitored closely, is that energy use might 

increase if the heating is left on while airing out the house (Wood et al. 2019).  

Prior IHD research indicates that only one householder usually engages with the 

interventions provided for their study (Wood et al. 2019). This was almost the case 

with this study as well. Though primarily one householder engaged with the 

dashboard in most dwellings, some of the primary dashboard users either tried to 

teach or enforce their newfound knowledge on other members of their household. 

Approximately 58% of participants reported sharing information about the trial 

directly or indirectly with other people both within and outside their household.  

“I’ve also explained to other people about electricity use and the fact 

that I was doing this and the fact that did they realise they ought to turn 

their stuff off at the wall, not just leave it on standby and all that type 

of thing.” (Gary, Interview 2) 

Participants attempted instilling new behaviour patterns on their family and friends 

by discussing with them about the trial, instructing them on which behaviour pattern 

to adopt for some home activities and having conversations about bills and 

historical energy use data visualized on the dashboard.  
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“If the bill goes up, we have a big conversation about we are leaving 

lights on when they do not need to be on, or we are doing this when it 

does not need to be.” (Rebecca, Interview 2) 

One participant reported that the awareness gained from the trial had a knock-on 

effect to other aspects of his life, when he ran out of options on where to save 

money within the house.  

“Yes, I'm probably even more tight now. ………….it just made me 

more aware.  It made me not use my diesel car.  I don't know why, it's 

just a knock-on effect thinking…… I just thought, “Where can I save 

money?” …... “Well that will do.  Sort the diesel van out.  She can walk 

to school from now on.”  So, it's saved me a lot of money.  …………” 

(Leo, Interview 2) 

Some respondents had contrary views on the benefit of the dashboard in the home 

as they thought it was either impossible or too difficult to alter their home activities 

with the information provided by the application. They had this view mostly 

because they either did not like the alternative provided by the hints and tips, were 

pessimistic or not yet ready to compromise on their lifestyle. 

“……….. we have to do the activities; the washing, the ironing, the 

making the dinner and cups of tea and showering. They're all things 

that how would we save on that? I don't know. I don't know without 

going next door to have a shower!” (Kelly and Brian, Interview 2) 

Kelly and Brian felt they had made all adjustments that could yield optimal energy 

use; hence, they had no further steps to take. Most respondents felt they were 

doing as much as they could to optimize the cost of space heating, and one 

participant mentioned making fruitless attempts on curbing the cost of heating in 

their home.  

“I tend to know what my blips are and heating we can't quite get a grip 

of the heating, but we're trying to.” (Chris and Tracy, Interview 2) 

Certain households attributed the high cost of heating their homes to faulty storage 

heaters, and uncontrolled draughts through doors and windows. Various 

respondents reported prioritizing the comfort of their children and partners with 
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health issues over saving on energy cost, despite struggling to pay energy bills. 

This is synonymous with Willand & Horne's (2018) position that the vulnerable in 

households often determine how heating is used in the home.  

“… it’s not easy, you know. I mean, your home is your comfort and 

what I’d be actually doing is taking away his comfort, and I can’t do 

that…. I can’t bear the thought of him sitting here, just to please me, 

feeling freezing cold." (Rob and Kris, Interview 2) 

When asked, 26% of respondents said they learnt nothing from the intervention. 

They claimed to either know most of the information provided by the trial or lost 

interest at a point in the study. However, a look at the transcript of those who 

claimed not to have learnt anything showed they had identified at least one aspect 

of the intervention as being helpful to them. For most of them, the idea of learning 

from the intervention bordered around learning from the hints and tips. In actual 

fact, they were exposed to more than just hints and tips; and thus one cannot rule 

out the fact that the intervention was helpful if it by any chance reminded them of 

information they knew in the past.  

The trial heightened the interest of 58% of the participants in home energy use and 

indoor environment conditions data, it also supported them to better understand 

what goes on in their homes. Whilst the trial made some participants feel more 

critical about their gas and electricity bills, others focused more on comparison of 

usage between two periods and indoor environment conditions.  

Generally, it can be said that the study participants showed clear indications that 

they were willing to make lifestyle adjustments because of the dashboard. This is 

seen in the actions they took or were willing to take because of the intervention 

that was provided.   

5.3 Participants interaction with the serious game 
 

This study in its third phase, tried to observe what changes could take place if 

households were exposed to a combination of both the dashboard and serious 

game applications. In addition to the dashboard that was introduced at an earlier 

stage, the aim of the game was to simulate a physical environment where the user 
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made certain decisions to keep the game persona alive. The decisions expected 

from the player were synonymous to actions that could be taken in a normal home 

scenario. In brief, the game story started with an aircraft with two persons onboard 

crash-landing in the arctic, one of them while trying to find his colleague had to 

take shelter and while in the shelter, needed to take actions to stay healthy and 

alive. Eventually, the game persona was required to find a way out of the shelter 

to reunite with her partner.  

Whilst previously, energy-related serious game trials have been targeted at young 

people mostly of school age, this study explored its use amongst adults of a broad 

age group. In addition to the game, the participants were also provided with a 48-

minute walkthrough on YouTube on how to play the game. This section discusses 

serious game-related responses provided by participants during the second 

interview.   

The game was only completed by approximately 11% of participants. One 

participant reported not attempting the game at all, whilst around 79% of the 

respondents started but could not complete the game. Though those respondents 

could not complete the game, they were able to get their player into the shelter to 

perform at least one activity. However, whilst in the shelter they could not do 

enough to keep their player alive until the end of the game as they kept running 

out of game health, resources, and time.  

Approximately 63% of respondents thought that playing the game on the tablet 

was either difficult or frustrating. This was a mixed feeling for some participants 

because as much as they attempted to finish the game, they did not make much 

progress as their game persona always died. The reasons given for their 

experience with the game include that they seldom played games in the past, they 

did not have appropriate instructions on how to play it, the game was not 

appropriate for their age and difficulty in manoeuvring around the game 

environment.  

“Frustrating, very frustrating.  At the beginning I found it obviously 

aimed at, it seemed to be aimed at a younger market.” (Mat, Interview 

2) 
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4 participants had a contrary view to that of the 63% who discussed the above. In 

direct contrast the 4 participants clearly expressed delight about the game with 2 

of the 4 participants identifying the serious game task as the most interesting part 

of the intervention.  

“…...The game is the most interesting thing out of all of it……” (Ruby, 

Interview 2) 

Approximately 32% of respondents could relate the tasks they undertook whilst 

playing the game to activities within their homes. Most of these activities had to do 

with staying healthy and comfortable in the house; actions like staying hydrated, 

having a meal, staying warm and maximizing the potentials of the heating unit. The 

game also reflected what could be done to manage the CO2 and humidity levels 

within the indoor environment. When asked whether he could relate the game to 

household activities, Tim and Dora responded by saying: 

“I suppose you would, wouldn’t you, really.  You would think, “Well, 

actually, I need to do that.  Yes, you do need to stay hydrated.  You do 

need to have food.  You do need to stay warm.” So, yes, you know, it 

does resonate with your own circumstances as well.  It’s like I said, 

you know, “I need to find something to drink because I’m thirsty and 

my health could be failing.”  Well, yes, that can be true if you don’t 

hydrate.” (Tim and Dora, Interview 2) 

Participants who persevered long enough to complete the game successfully 

shared that the game was quite challenging and required several efforts to get 

used to. They participants had to make decisions similar to what people make in 

real-life scenarios in order to navigate through the game and stay healthy within 

the game’s virtual indoor environment.  It was stated that the game required 

decision making such as opening windows when it is hot to allow cool air into the 

room; and providing water for the game persona to stay healthy and alive until the 

end of the game. When asked about relating the game to their home activities, 2 

participants said they could not because they thought the scenarios were extreme 

compared to their typical daily experience. 
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“Probably not, because it was too extreme………The extremity of the 

environment, the setting, the actual scenario that was there,” (Gary, 

Interview 2) 

Extreme in this context could refer to the weather and circumstances that the game 

persona was exposed to. This is because the game character crash landed from 

an aircraft in the arctic and had to find shelter and take decisions to stay alive. It is 

reasonable to accept that these conditions were an extremity for the participant.  

Only 3 participants acknowledged to having gained any form of knowledge from 

the game. They identified learning about how to manage the indoor environment 

conditions and the arrangement of white goods in the kitchen. Their newfound 

knowledge included opening windows when the CO2 or humidity levels were high 

and not placing appliances such as refrigerators by a cooker as it makes the 

appliances work harder than they should.  

“it was telling you about obviously you had to open the shutter and stuff 

like that…..  You couldn't have your cooker next to your fridge because 

it makes them both work harder or something, so you had to move 

them around on the App didn't you.  It told you do that.  So that was 

useful to know.” (Jayne, Interview 2) 

Though Jayne had some knowledge about kitchen appliance arrangement to take 

away from the game, she said it will be difficult to adopt as she already had a 

kitchen that was designed in a way that made new ideas difficult to implement. 

Nicola also had a similar circumstance after realizing the need to avoid blocking 

off the heating from radiators. The new knowledge made her question the planning 

of rooms by builders, perhaps because just like Jayne, a poorly planned room 

could leave the inhabitant with no other choice but to arrange household items in 

ways that they ordinarily should not be. Although Nicola could not apply the 

knowledge to her present house, she planned to adopt it when acquiring her own 

house.  

“I know my sofa’s badly placed but, in some respects, it does block a 

bit of the heat if it gets too hot.  I don’t always think that they plan rooms 

very well when they build them, to be fair.  I’ve always found that. 



174 
 

………. it’s made me much more aware of what to do in my own 

house.” (Nicola, Interview 2) 

Approximately 63% of the respondents shared that the game was a good way for 

householders to learn about aspects of domestic energy use and indoor 

environment conditions. Only one householder had a contrary view to this. 

Nevertheless, around half of the participants who believed the game was useful 

for learning about the home further clarified that the gameplay seemed more 

appropriate for younger people below the age of 30. Generally, they felt that the 

ability to play such a game depends on how often one had played games in the 

past, and that younger people had a greater exposure to gaming than the old. This 

is almost certainly why no participants in the 65+ age category completed the 

game. Gary made a valid point by stating that such a game was more vital for 

younger people as it was going to teach them about the consequences of taking 

some actions in the home with the prospect that they will act accordingly as they 

grow older.  

“I don’t know, I think if it was set in more of a domestic situation, then 

it could have perhaps wider appeal, because if you wanted younger 

people to use it and appreciate that there are consequences to doing 

certain things within the home, then I think that could have wider 

appeal to a greater number of people.  Because it makes sense to me 

to involve children, so that they know that from an early age……...” 

(Gary, Interview 2) 

Chris and Tracy expressed some doubt about the demographic targeted by the 

developers of the game when he said that “a game that suits somebody at 20 is 

not going to suit somebody who's 60.” (Interview 2). This opinion is one that 

requires some thought as game development projects just like software 

development projects should be player-centred by building the game based on 

feedback and contributions from their target audience. Kumar (2013) stated that 

the first step in gamifying a process to produce a game is to become aware of the 

people that will play the game. Hence, a game built using feedback from a group 

of young adults (for instance university-aged adults) might not be suitable for an 

older audience. Some of the participants suggested that the game would have 
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been more appropriate for them if it provided more detailed user instructions and 

possibly a split screen with the game on one screen and the instructions on the 

other. That way they could have easily referred to the instructions whenever they 

were confused.  

5.4 Conclusions 
 

This chapter attempted to find out how both an energy dashboard and serious 

game can alter energy use and indoor environment condition behaviour amongst 

households. Information received from respondents showed that most of them 

were willing to alter their lifestyles as a result of the trial. Approximately 58% of 

participants became more interested in energy and IEQ data as a result of the trial 

while 68% of participants clearly stated that they had learnt to be more conscious 

about their energy use and indoor environment conditions. 

It was also observed that all but 2 participants found the entire experience 

rewarding, the two participants that were not pleased with the experience identified 

their experience with the serious game as a turn off because they thought the 

game was not appropriate for their age. This most likely explains why none of the 

participants above the age of 64 years completed the game; additionally, only 11% 

of participants were able to complete the game notwithstanding the instructions 

made available to them on YouTube. The experience of game players can be 

improved when developers employ a player-centred design approach for 

development. This approach expects game developers to work alongside its target 

audience (young and old adults in this context) to yield optimal satisfaction 

amongst its players. Notwithstanding, 32% of participants could relate the game 

experience to household activities while 63% were optimistic about the potential of 

the game to teach people about domestic energy use and indoor environment 

conditions. The response from participants showed that the game increased 

awareness and knowledge about optimal energy use and IEQ behaviour amongst 

users, this outcome is synonymous with the proceeds from Knol & de Vries's 

(2011) study.  
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Ease of access and mode of visualization might have played a role in the extent to 

which householders used the various dashboard features. The dashboard board 

features that were easier to access got more attention than the ones that required 

multiple taps to access. People also preferred the ambient colour used to display 

the IEQ data; hence, this feature got the most attention. Using points to reward 

participation in tasks was also identified as a major motivation for completing tasks 

during the trial. Respondents shared that they were willing to optimize energy use 

and indoor environment condition behaviours as a result of the dashboard 

information, although they were more likely to trade energy savings for the comfort 

of their more vulnerable co-inhabitants. In addition to gaining awareness and 

knowledge regarding optimal energy use behaviour as mentioned earlier, 

householders gained insight into how individual appliance use affected their 

collective energy consumption behaviour. The study also increased the interest of 

majority of participants in home energy use and indoor environment condition data. 

The outcome of this chapter suggests that the dashboard and serious game can 

change the energy use and IEQ perception of users. It can also make households 

more aware about their energy use and indoor environment conditions. Chapter 6 

attempts to validate the qualitative data presented here with the use of quantitative 

data obtained from in situ equipment.  
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Chapter 6 

6 Impact of dashboard and serious game on 

electricity use and IEQ amongst households 
 

6.1 Introduction 
 

Thus far, chapter 4 has provided information regarding how the study participants 

perceived energy use, their appliance ownership and appliance use behaviour 

prior to the introduction of the interventions. This chapter further presented how 

study participants responded to the interventions; and their response was 

measured through the analysis of data captured by in-situ equipment deployed in 

their homes.  

This chapter gives an insight into how the households conducted themselves whilst 

using the intervention tools. In addition, it provides evidence as to whether the 

interventions applied to the participants made any difference to their electricity use 

and indoor environment conditions. Its focus is strictly on whether the interventions 

resulted in positive changes in behaviour amongst its users. Data regarding gas 

use was not presented in this research because the gas sensor malfunctioned 

throughout the data capturing period. The proceeds of the gas sensor when 

exposed to preliminary analysis, were observed to be incomplete and unreliable 

for further analysis and presentation in this work hence, the presentation on energy 

only focuses on electricity use. The reasons behind the statistical changes 

observed in this study were not further investigated or reported extensively 

because it is outside the scope of this study. 

This chapter starts with details of the statistical approach that was used to attain 

various results presented here; this is followed by answers to the three research 

questions which are: 

1) Can energy dashboards result in change in energy use behaviour and 

indoor environment conditions amongst social housing occupants? 
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2) Can a combination of an energy dashboard and serious game change 

energy use behaviour and indoor environment condition amongst social 

housing occupants? 

3) Was the change in energy use behaviour and indoor environment 

conditions sustained long after the introduction of the dashboard and 

serious game? 

The chapter concludes by computing a summary of the quantitative data according 

to the individual variables; highlighting households that achieved savings over the 

period of the study. The summary gives insight into how consistent households 

were over the course of the study including after interactions were withdrawn by 

the researchers. Before its conclusion, the chapter also presents some of the 

observed consistencies between the qualitative data that was discussed in chapter 

5 and the quantitative data presented in this chapter. The presentation of the 

consistencies is not exhaustive but a representation only, of a few uniformities 

between the two types of data as observed with some respondents; these 

uniformities informed research about the effectiveness of the interventions in 

prompting behaviour changes amongst energy users. The consistency 

presentation only focuses on the positive outcomes from the two types of data. 

6.2 Quantitative data analysis method 
 

As stated in the methodology chapter, half hourly electricity use data was captured 

and transmitted from each house for the duration of the intervention (18 months). 

The between phase analysis was performed using the pre-test – post-test system. 

The data from the first phase P1 of the study was used as the baseline and pre-

test value while the succeeding 3 phases (phases 2 P2 , phase 3 P3 and phase 4 

P4) were used as post-test values. A comparison of P1 and P2 provided 

information about changes due to dashboard only; and a comparison of P1 and 

P3 provided information for changes due to dashboard and serious game. A 

comparison of P1 and P4 provided information for changes that took place long 

after the researchers withdrew or minimized interaction with the participants.  
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At the start of the analysis, the data was downloaded from the last back-up 

collection. The data was inspected, checked for normal distribution, and cleaned 

using python programming, the cleaning process involved data profiling, removal 

of duplicates, and resolving of outliers and missing values. At the data profiling 

stage, it was observed that two household records were similar; hence, the 

available record was for 18 households and not 19. The Interquartile Range 

method was used to isolate outliers in the data quantitative data. This method is 

like the approach used by SPSS for identifying outliers and is computed as the 

difference between the 75th and the 25th percentiles of the data multiplied by a 

factor k, with k being 1.5 in this context. The outliers that were identified were 

further reviewed to ensure that their removal did not eliminate vital parts of the 

dataset. Obvious outliers like a case where a sensor recorded carbon dioxide value 

of 48,000 ppm was removed as this cannot be possible.  

Sections of the data that had values that were far apart were omitted from the 

dataset while those that had neighbouring values were retained and the missing 

values computed. The missing values in the former were omitted to avoid biases 

in the result. The median of neighbouring values was computed and used to 

replace the lost values in cases that qualified for replacement and descriptive 

statistics was performed on the cleaned data using SPSS. This was then used to 

summarize the basic features of the data. These summaries which were either 

statistical or visual were adequate for preliminary investigations and formed the 

basis for or part of a more extensive statistical analysis. Univariate analysis such 

as frequency distribution, central tendency and data dispersion were performed on 

the data. The mean, standard deviation, standard error, and range of each 

quantitative variable were computed for each household to ensure that the data 

was of the right quality and could be used as a representation of the wider 

population. 

6.3 Further analysis of the electricity data 

 

The preliminary processes discussed in the preceding section were carried out to 

ensure that the data was suitable for analysis and to minimize the likelihood of 

errors. The electricity data was further normalized for reliability and to ensure that 
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the outcome of the study was consistent between both intervention participants 

and with other similar studies thus normalization was performed on the 

unconditioned electricity data for each household. The normalization conditions 

applied are characteristically used for the normalization of electricity data across 

building types in the fields of building and energy modelling disciplines. The 

normalization factors that were used include number of occupants, floor area and 

volume of the properties (see table 6-1). The Heating Degree Days HDD factor 

was conducted for homes that used electricity for space and water heating.  

Coefficient of variation (CV) which is the ratio of standard deviation to mean was 

applied as an indicator for identifying which normalization condition was best fit for 

the data and for further analysis. The normalization factor with the least CV was 

adopted as the suitable condition to be used in that context. This is because the 

lower the normalization factor, the lesser the difference between the observed 

value and the group mean. The statistical significance between the CV for each 

normalization condition was calculated using the one-way analysis of variance 

ANOVA. The application of one-way ANOVA showed no difference between all 

the normalization factors. Thus, the unconditioned value was used for the analysis.   

Table 6-1: Normalization conditions used for electricity data 

Condition Equation Units 

Electricity use per floor 

area of the property 

Electricity use/ total floor 

area 

kWh/m2 

Electricity use per 

occupant 

Electricity use/ number of 

occupants 

kWh/occupant 

Electricity use per 

volume of the properties 

Electricity use/ total 

volume of property 

kWh/m3 

Electricity use per 

heating degree days 

(HDD) (for homes that 

use electricity for 

heating) 

Electricity use/ HDD kWh/HDD 
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The One-way repeated measures ANOVA was used to compare the average 

weekly electricity consumption for all the households between the 4 experimental 

phases while factorial ANOVA was used to find out if the interaction between the 

dependent variable and the independent variables had any effect on the outcome 

of the study. The One-way repeated measures ANOVA was also used to apply a 

pre-test – post-test comparison. Prior to the ANOVA analysis, the data was 

checked to ensure that it met all repeated ANOVA measures assumptions. The 

assumptions include that the dependent variables should have been measured 

continuously, that the independent variables should consist of at least 2 related 

groups, and that the distribution of the dependent variables in the related groups 

must be approximately normally distributed and no significant outliers should exist 

in the related groups (Vogt 1999).  

While performing the ANOVA test, the Greenhouse-Geisser test was used to test 

for any existing significance within subjects while the Mauchly’s test of sphericity 

was used to test for the variance that exists between all possible pairs of within 

subject conditions (assumption of sphericity). Violation of assumption of sphericity 

will result in the application of Pillai’s trace multivariate test. Tableau which is a 

business intelligence software was used to understand and visualize the electricity 

and IEQ data. It was also used to compute and compare the differences between 

participants’ data. The electricity use savings achieved by each home was 

calculated using the difference between the electricity use (in kilowatts Hours) for 

the first phase and the ensuing 3 phases as shown in table 6-2.  

Table 6-2: Formulas used to evaluate the research questions for electricity data 

Research question Formula 

𝑪𝒉𝒂𝒏𝒈𝒆 𝒅𝒖𝒆 𝒕𝒐 𝒅𝒂𝒔𝒉𝒃𝒐𝒂𝒓𝒅 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒  𝑖𝑛 𝑃1

− 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑖𝑛 𝑃2 

𝑪𝒉𝒂𝒏𝒈𝒆 𝒅𝒖𝒆 𝒕𝒐 𝒅𝒂𝒔𝒉𝒃𝒐𝒂𝒓𝒅 & 𝒔𝒆𝒓𝒊𝒐𝒖𝒔 𝒈𝒂𝒎𝒆 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒  𝑖𝑛 𝑃1

− 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑖𝑛 𝑃3 

𝑪𝒉𝒂𝒏𝒈𝒆 𝒐𝒗𝒆𝒓 𝒍𝒐𝒏𝒈 𝒕𝒆𝒓𝒎 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒  𝑖𝑛 𝑃1

− 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑖𝑛 𝑃4 
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Positive outcomes from the calculation meant that households used less electricity 

in the intervention or post-intervention phases compared to the phase prior to the 

intervention, hence they had electricity savings. On the other hand, negative 

results implied that households used more electricity in the period prior to the 

introduction of the interventions compared to the intervention or post-intervention 

phases which implies that they had no electricity savings. 

6.4 Percentile Variation PV 
 

The percentile variation PV parameter which is measured in percentage was 

created to find out how often the households were within the healthy indoor 

environment condition limits proposed by the researchers for the study; thus, PV 

can be defined as the percentage of times that the homes of the study participants 

were within the confines of the researchers proposed healthy indoor environment 

conditions. These boundaries were 18-21 degrees Celsius, 40-60% and 250-1000 

ppm for temperature, relative humidity, and carbon dioxide respectively. The PV 

parameter was useful to discern the IEQ performance of the households over 

specific periods. This is because it helped to identify the volume of collected data 

that falls within the proposed healthy IEQ range. The PV computation was 

performed on the cleaned dataset using python programming and the processes 

for its computation are as follows: 

1. Identify the specific period (daily, weekly, monthly, yearly, phasal etc.) for 

which the PV needs to be computed. 

2. Group the IEQ cleaned data based on the specific period identified in step 

1. 

3. Each group of data is ordered serially and ranked with the least and highest 

variables having the lowest and highest percentile ranks respectively.  

4. Identify the point where the percentile rank corresponds to the proposed 

healthy upper and lower boundaries of that measured variable; the upper 

boundaries will be 21 degrees Celsius, 60% and 1000 ppm for temperature, 

relative humidity and carbon dioxide respectively, while the lower 

boundaries will be 18 degrees Celsius, 40% and 250 ppm for temperature, 

relative humidity and carbon dioxide respectively. 
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5. The PV in percentage is equivalent to the difference between the percentile 

at the upper and lower boundaries as shown on the dual axis chart in figure 

6-1. 

 

Figure 6-1: A dual axis chart used for the illustration of percentile variation (PV) 

 

This can be expressed mathematically as: 

𝑃𝑉 = (𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 𝑎𝑡 𝑢𝑝𝑝𝑒𝑟 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦 − 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑙𝑜𝑤𝑒𝑟 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦) 

6.5 Further analysis of the IEQ PV data 
 

The raw IEQ data went through the preliminary processing mentioned earlier in 

this chapter, this was followed by PV computation. One-way repeated measures 

ANOVA assumption checks was performed on the CO2, relative humidity and 

temperature PVs. While performing the ANOVA test, the Greenhouse-Geisser test 

was used to test for existing significance within subjects while the Mauchly’s test 

of sphericity was used to test for variances between all possible pairs within subject 

conditions (assumption of sphericity). At any point where the assumption of 

sphericity was violated, the Pillai’s trace multivariate test was applied for further 

analysis. Change in indoor environment conditions for each variable at each phase 

was calculated using the formulas in table 6-3. This calculation helped with 
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obtaining IEQ-related answers to the three research questions as shown on the 

table.  

Table 6-3: Formulas used to evaluate the research questions for IEQ data 

Research question Formula 

𝑪𝒉𝒂𝒏𝒈𝒆 𝒅𝒖𝒆 𝒕𝒐 𝒅𝒂𝒔𝒉𝒃𝒐𝒂𝒓𝒅 𝑃𝑉  𝑖𝑛 𝑃2 − 𝑃𝑉 𝑖𝑛 𝑃1 

𝑪𝒉𝒂𝒏𝒈𝒆 𝒅𝒖𝒆 𝒕𝒐 𝒅𝒂𝒔𝒉𝒃𝒐𝒂𝒓𝒅 & 𝒔𝒆𝒓𝒊𝒐𝒖𝒔 𝒈𝒂𝒎𝒆 𝑃𝑉 𝑖𝑛 𝑃3 − 𝑃𝑉 𝑖𝑛 𝑃1 

𝑪𝒉𝒂𝒏𝒈𝒆 𝒐𝒗𝒆𝒓 𝒍𝒐𝒏𝒈 𝒕𝒆𝒓𝒎 𝑃𝑉  𝑖𝑛 𝑃4 − 𝑃𝑉 𝑖𝑛 𝑃1 

 

Positive results from the calculation for each of the IEQ variables and at each stage 

meant there was improvement in IEQ, in the intervention or post-intervention 

phases compared to the baseline phase where negative outcomes implied there 

was no improvement in IEQ in the intervention or post-intervention phases when 

equated with the pre-intervention phase. 

6.6 Dashboard: Did it make a difference? 
 

The null hypothesis for this question is that use of the dashboard in isolation cannot 

change electricity use and IEQ behaviour amongst households. The purpose of 

this question was to find out if the dashboard only was able to trigger any change 

in behaviour amongst householders by the second phase of the study. The answer 

to this question was informed by comparing quantitative data obtained at the first 

phase against the data obtained during the second phase. One-way repeated 

ANOVA was used to analyse the differences that exist between these 2 

experimental phases. Overall, no statistically significant difference was observed 

between the first and second phases for the electricity, CO2, and temperature data, 

but that was not the case for the relative humidity data. The humidity data showed 

a change in PV between the first and second phases of the study, this meant that 

households significantly improved their indoor relative humidity levels due to the 

dashboard. Despite the outcome of the repeated ANOVA computation, a closer 

look at the data for each household showed some gain during the period under 

consideration. Further details for each variable are reported below. 

 



185 
 

 

6.6.1  Electricity use amongst households while using the 

dashboard only 
 

The average change in electricity use between P1 and P2 was -5.46% given that 

the majority of households used more electricity in the second phase than in the 

first phase. The reduction in energy use in the second phase of the study was not 

consistent across all households and approximately 28% of households (see figure 

6-2) recorded electricity savings (positive average percentage change) of between 

1.05% and 7.8% between the first and second phases of the study.  

 

Figure 6-2: Graph showing percentage of electricity savings between P1 and P2 

 

80% of the participants that saved on their electricity in this phase were between 

the ages of 41 and 64 years, while the rest were in the 26-40 years category. 

Households in the 65+ category were not represented amongst those that had 

positive energy savings.  A possible explanation for this might be that this phase 

was conducted in the winter and all participants above 64 years were likely to 
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spend more time in their homes due to the weather. Homes with retired participants 

also had negative electricity savings which is not surprising given that the retired 

were more likely to be above the age of 64 years thus spending more time at home. 

60% of households that saved on electricity in this second phase were employed 

while 40% were unemployed.  

 

Given the time of the year when the study was conducted, it might not be fair to 

conclude that the persons above the age of 64 years or retired were more unlikely 

to save on electricity due to the dashboard compared to other age groups and 

employment status categories. However, it is therefore likely that such connections 

exist between persons that are 65 years and above or retired and the likelihood of 

spending more time at home using electricity during the winter period. The number 

of occupants in the household did not appear to play a role in the distribution for 

households who saved electricity during the second phase of the study.  

 

6.6.2  Indoor CO2 within households while using the 

dashboard only 
 

Approximately 33% of households underwent a positive change in kitchen CO2 PV 

between the first and second phases of the study. The average kitchen alteration 

measure between these two phases was -5.27% because most participating 

households recorded high negative changes in CO2 levels (see figure 6-3). 

Positive changes in kitchen CO2 PV levels ranged from 0.64% to 16.23% across 

33% of the households, while negative alterations ranged between -1.35% and -

24.13% across about 67% of the participating households. 50% of participants who 

had positive changes in kitchen CO2 levels were within the 41-64 years age group, 

while the 26-40 and 65+ categories were 12.5% and 37.5% respectively. 12.5% of 

participants who recorded positive changes were unemployed, while 50% and 37.5 

were employed and retired respectively.  

 

The share of households that had positive and negative alteration in lounge CO2 

PV levels between P1 and P2 was about 33% and 61% respectively (see figure 6-

3). The average change in lounge CO2 PV between these phases was -2.27% as 
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majority households did not show improvements in lounge CO2 levels. Households 

that fell in the 26-40 years category were more likely to improve their lounge CO2 

level at the second phase given that half of those who had improvements belonged 

to this group. 12.5% of those with positive changes were 65 and above while 

37.5% were 41-64 years old. Households with work represented 50% of those with 

positive change in lounge CO2 levels, while the representation for the retired and 

unemployed was 12.5% and 37.5% respectively. The information provided by the 

sensors shows that dwellings with employed inhabitants were more likely to 

improve their indoor CO2 PV levels with the use of the dashboard compared to 

those who were either unemployed or retired. In addition, only 11% of participants 

were consistent with improving their indoor CO2 PV levels for both their kitchen 

and lounge.  

 

 

Figure 6-3: Graph showing percentage change in kitchen and lounge CO2 PV between P1 and P2 
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6.6.3  Indoor relative humidity within households while using 

dashboard only 
 

Approximately 88.9% of households recorded improvement of their kitchen relative 

humidity PV levels between the first and second phases of the study. This perhaps 

implies that more homes opened their kitchen windows while cooking in the second 

phase than in the first phase. This is evidenced due to the high percentages of 

increases recorded by the sensors (see figure 6-4), several households recorded 

increases that were well above 100%, the high percentage of positive RH 

alterations resulted in an average change in kitchen RH PV of 71.5%.  

 

Figure 6-4: Graph showing percentage of kitchen RH PV change between P1 and P2 

 

Approximately 83% of households recorded positive changes in lounge RH PV 

between the first and second phases of the study (see figure 6-4). The average 

change in lounge RH PV between these phases was 21.5%. In all, about 83% of 

households were consistent with keeping the RH in their homes within healthy 

limits for kitchen and lounge humidity when the data for the first phase was 
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compared to that of the second phase. None of the independent variables 

appeared to influence the outcome at this stage. 

 

6.6.4  Indoor temperature within households while using 

dashboard only 
 

Approximately 72% of households recorded improvement in kitchen temperature 

PV between the first and second phases of the study (see figure 6-5). Households 

within the 26-40 age group were less likely to have a negative change in kitchen 

temperature compared to households who belonged to other categories. All other 

independent variables did not have any effect on the alteration between both 

stages. The average percentage change in kitchen temperature PV between these 

two phases was 49.7%. Approximately 22% of households at this stage recorded 

increases of above 100%.  

 

Figure 6-5: Graph showing percentage change in kitchen and lounge Temperature PV between P1 
and P2 

Approximately 55% of households recorded improvements in healthy lounge 

temperature PV between the first and second phase of the study. The average 

change for all participants was 28.2% because the majority of participants had 
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positive values with 17% recording changes of above 100%. In addition, one 

household had a negative change of as low as -88.7% (see figure 6-5). One 

observed difference was that householders that belonged to the 41-64 years old 

category were more likely to record negative change in healthy lounge temperature 

compared to the other categories. Approximately 44% of households increased 

the amount of time that their indoor temperature was within the proposed healthy 

limits when phase 1 and 2 data were compared and households in the 41-64 years 

age group were more likely to record a decrease in change of healthy indoor 

temperature for their kitchen and lounge compared to other age categories.  

 

The results from the analysis for question 1 proved the null hypothesis wrong 

provided that 28% of households recorded savings in electricity use due to the 

dashboard. In addition, 11%, 83% and 44% of households improved CO2, RH and 

temperature levels for their kitchen and lounge at this stage of the study. Thus, the 

dashboard only was able to yield changes to electricity use and IEQ amongst 

households.  

6.7 Dashboard and Serious game: Did they make a 

difference? 
 

The null hypothesis for this question is that the dashboard and serious game 

cannot change electricity use and IEQ behaviour amongst households. The 

purpose of this question was to find out if the dashboard and serious game was 

able to trigger any change in behaviour amongst householders by the third phase 

of the study. The answer to this question was obtained by comparing quantitative 

data obtained at the first phase against the data obtained during the third phase. 

One-way repeated ANOVA was used to analyse the differences that exist between 

these 2 experimental phases. Overall, there was a statistically significant 

difference between the first and third phases for RH and temperature, although 

that was not the case for electricity use and CO2. The RH and temperature data 

showed a change in PV between the first and third phases of the study and this 

meant that households significantly improved their indoor RH and temperature to 

levels that were within healthy limits due to the dashboard and serious game. The 

outcome from further evaluation of the data is reported as follows. 
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6.7.1  Electricity use in households while using dashboard and 

serious game 
 

Between the first and third phase, approximately 78% of households had their 

electricity use improve by between 0.11% and 35.27% (see figure 6-6) with an 

average phasal savings of 7.77%. All households within the age category of 65+ 

recorded positive savings at this stage of the study. The number of positive savings 

could be because this phase coincided with the summer and people are more likely 

to go out and embark on holiday trips at this time of the year. All retired and 

unemployed participants recorded positive electricity savings, whilst the 22% of 

participants that recorded negative electricity savings were employed.  

 

 

Figure 6-6: Graph showing percentage electricity savings amongst participants between P1 and 
P3 
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6.7.2  Indoor CO2 within households while using dashboard 

and serious game 

 
The difference between phase 1 and 3 showed that approximately 61% of 

households had positive changes in the frequency at which their kitchen CO2 levels 

stayed within the ideal limits (see figure 6-7). The average change for all the 

participants was -1.12% with one participant recording negative change of up to 

61.93%.  

 

Households who were unemployed were more likely to have a negative kitchen 

CO2 change between the first and third phases.  

 

 

Figure 6-7: Graph showing percentage change in kitchen and lounge CO2 PV between P1 and P3 

 

A comparison between P1 and P3 showed that about 67% of households recorded 

positive CO2 PV changes between the 2 phases. The overall average change for 

all participants was 2.64% (see figure 6-7). Households for the employed were 

more likely to yield positive change between phases 1 and 3 compared to 
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households with other employment statuses. Approximately 44% of households 

were able to keep their indoor CO2 levels within the proposed healthy limits for 

both their kitchen and lounge. Households who are employed were more likely to 

improve the health of their indoor environment compared to those who were either 

unemployed or retired.  

6.7.3  Indoor relative humidity within households while using 

dashboard and serious game 

 
A comparison of healthy kitchen RH levels for phase 1 and 3 showed that 

approximately 67% of households recorded positive PV changes between the 2 

phases. The overall average change for all participants was 13.17% (see figure 6-

8). Households that were in the 41-64 years old category were more likely to yield 

positive change between phases 1 and 3 compared to households within other 

age groups. Households that were employed and unemployed were also more 

likely to produce positive PV changes between the two phases than households 

who had retired occupants.  

 

 

Figure 6-8: Graph showing percentage change in kitchen and lounge RH PV between P1 and P3 
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A comparison of lounge RH PV levels for phase 1 and 3 showed that about 72% 

of households recorded positive changes between the 2 phases. The overall 

average change for all participants was 24.6% (see figure 6-8). Households with 

ages between 41 and 64 and the unemployed were less likely to record negative 

change in lounge RH PV levels between the 2 phases. Approximately 67% of 

households were able to sustain healthy RH PV levels for both their kitchen and 

lounge. Householders between 41 and 64 years and the unemployed were less 

likely to record negative change in lounge RH PV levels between the 2 phases.  

 

6.7.4  Indoor temperature within households while using 

dashboard and serious game 
 

A comparison of kitchen temperature PV levels for P1 and P3 showed that 

approximately 22% of households recorded positive changes between the 2 

phases. The overall average change for all participants was -40.3% (see figure 6-

9). Households that had an age group of 65+ were more likely to have positive 

alteration in healthy temperature limits between P1 and P3. Households whose 

inhabitants were retired were also more likely to produce positive changes 

between the two phases.  

 

The difference between P1 and P3 showed that approximately 17% of households 

had a positive change in lounge temperature PV levels (see figure 6-9). The 

average change for all the participants was -44.1% given that most households 

recorded high negative changes that were close to 100%. Households who were 

employed were more likely to have positive lounge temperature changes between 

the first and third phases. Approximately 17% of households were able to stay 

within healthy limits for both their kitchen and lounge temperature levels over the 

2 phases being compared.  

The results from the analysis for question 2 proved the null hypothesis wrong given 

that 78% of households recorded savings in electricity use due to the dashboard 

and serious game while 44%, 67% and 17% of households improved CO2, RH and 

temperature levels respectively for their kitchen and lounge at the third phase of 

the study. 
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Figure 6-9: Graph showing percentage change in kitchen and lounge temperature PV between P1 
and P3 

 

6.8 Dashboard and Serious game: Did they make any 

difference in the long run? 
 

The null hypothesis for this question is that households cannot sustain positive 

changes in behaviour long after the deployment of the dashboard and serious 

game. The purpose of this question was to find out if households carried on with 

positive changes in behaviour long after the researchers withdrew or brought any 

form of communication with participants to the bare minimum. The answer to this 

question was obtained by comparing quantitative data obtained at the first phase 

against the data obtained during the fourth phase. One-way repeated ANOVA was 

used to analyse the differences that exist between these 2 experimental phases. 

Overall, there was no statistically significant difference between the first and fourth 

phases for any of the variables. The outcome from further evaluation of the data is 

reported as follows. 
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6.8.1  Electricity use in the long run 
 

61% of participants continued with their savings long after the researchers’ ceased 

interactions with them (see figure 6-10). These households recorded electricity 

savings of between 0.63% and 13.07%, and the average savings for the 18 

participants was 2.9% at this phase. This phase reflects that the lessons learnt 

from the interventions were sustained after the withdrawal of support and visits 

from the researchers. All age, and employment status categories were equally able 

to minimize electricity use during this phase of the study.  

 

Figure 6-10: Graph showing percentage electricity savings amongst participants in P4 

 

6.8.2  Indoor CO2 levels in the long run 
 

The difference between phase 1 and 4 indicated that approximately 44% of 

households had a positive change in kitchen CO2 PV levels (see figure 6-11). The 

average change for all the participants was -13.7% given that most households 
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recorded high negative changes. Households who were unemployed were less 

likely to have positive kitchen CO2 changes between the first and fourth phases.  

 

 

Figure 6-11: Graph showing percentage change in kitchen and lounge CO2 PV between P1 and P4 

 

The difference between phase 1 and 4 showed that about 28% of households had 

a positive change in lounge CO2 PV levels (see figure 6-11). The average change 

for all the participants was -11.5% given that most households had high negative 

changes. Households who were employed and those within the 26-40 age range 

were more likely to have positive lounge CO2 PV changes between the first and 

fourth phases.  

 

Approximately 17% of households were able to improve their kitchen and lounge 

CO2 conditions over the 2 phases compared at this stage. Employed households 

were more likely to improve the conditions of their kitchen and lounge CO2 PV 

between the first and fourth phases.  
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6.8.3  Indoor relative humidity levels in the long run  
 

The difference between phase 1 and 4 showed that approximately 61% of 

households had a positive change in their kitchen humidity PV levels (see figure 

6-12). The average change for all the participants was 4.66%. None of the 

independent variables stood out in this representation. 

 

 

Figure 6-12: Graph showing percentage change in kitchen and lounge RH PV between P1 and P4 

The difference between P1 and P4 showed that about 56% of households had a 

positive change in their lounge RH PV levels (see figure 6-12). The average 

change for all the participants was 15.9% given that most households had high 

positive changes. Households whose members had age groups of 26-40 and 65+ 

were likely to improve their lounge RH PV levels. 50% of households had their 

kitchen and lounge RH PV levels improved between the first and fourth phases. 

None of the independent variables had any effect on the outcome at this stage.  
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6.8.4  Indoor temperature levels in the long run 
 

The difference between P1 and P4 showed that approximately 56% of households 

had positive changes in kitchen temperature PV levels (see figure 6-13). The 

average change for all the participants was 30.1% given that most households had 

high positive PV changes with one case as high as 401.3%.  

 

 

 

Figure 6-13: Graph showing percentage change in kitchen and lounge temperature PV between 
P1 and P4 

 

The difference between phase 1 and 4 showed that approximately 44% of 

households had a positive change in lounge temperature PV levels (see figure 6-

13). The average change for all the participants was 3.5%. None of the 

independent variables had any effect on the outcome at this stage and 

approximately 44% of households were able to improve their indoor conditions for 

both their kitchen and lounge temperature levels over the 2 phases being 
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compared at this stage. None of the independent variables had any effect on the 

outcome at this stage.  

The results from the analysis for question 3 proved the null hypothesis wrong, 

given that 17%, 50% and 44% of households recorded positive improvements in 

CO2, RH and temperature respectively for their kitchen and lounge while 61% were 

able to save on electricity use long after the interventions were deployed.  

6.9 Summary of phasal changes amongst households 
 

This section reports the changes that took place between the phases for each 

variable. The one-way repeated measures ANOVA as reported earlier, was used 

for arriving at the average for each variable. Although the charts show variables 

across all households, the emphasis in this respect is on the average values for 

each phase of the study. However, it is worth noting that the diversity in variables 

across households shows the extent of diversity that can exist between typical 

homes. 

6.9.1  Summary of electricity use between phases 
 

An ANOVA with repeated measures was used to compare the average weekly 

electricity consumption for all the households between the 4 experimental phases. 

Once the assumptions for this analysis was met, the computation was performed. 

The analysis was performed with a Greenhouse-Geisser correction because of a 

violation of the data in Mauchly’s Test of Sphericity. The Greenhouse-Geisser 

correction revealed that the different experimental phases had a statistically 

significant effect (F (1.747, 29.706) = 7.842, p= 0.003) on electricity consumption. 

However, a post hoc test using the Bonferroni correction showed that there was 

no significant difference between phases one and any of the other 3 phases. A plot 

of the phasal averages (see figure 6-14) reflected an increase in electricity use 

between P1 and P2 (5.03%), a decrease in consumption between P1 and P3 (-

9.71%), and a smaller decrease between P1 and P4 (-1.07%). However, the 

differences between the baseline phase (P1) and the other 3 subsequent phases 

were insignificant as reported by the repeated ANOVA test. On the peripheral one 

can conclude that the electricity use performance got better when the 
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householders gained a better understanding of the study and dashboard, and for 

as long as interaction was sustained between the householders and the 

researcher. The gains at the third phase were lost in the long run (P4). This 

discrepancy could be attributed to probably some participants relapsing. The 

nature of the result could be explained by the fact that P3 was conducted in the 

summer and households are likely to spend more time outside their homes at this 

time of the year compared to other seasons. 

 

Figure 6-14: Electricity use for the experimental phases with reference line showing phasal 
averages for all households 

A factorial ANOVA was used to investigate whether the interaction between the 

dependent variable (electricity use) and the independent variables (gender, age, 

number of occupants and employment status) had any effect on the outcome of 

the study. When computed, the interaction between electricity use and all 

independent variables did not meet Mauchly’s Sphericity Assumption hence, the 

Pillai’s Trace Multivariate test result was adopted. The result for the interaction with 

gender (p= 0.556), age (p= 0.766), number of occupants (p= 0.761), employment 
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status (p= 0.938) showed no statistically significant effect on the use of electricity 

across the 4 experimental phases. The plots for individual households showed that 

a reduction in electricity use took place amongst 5, 14 and 11 households between 

the P1 and P2, P1 and P3, and P1 and P4 respectively. 

Only about 22% of the 18 dwellings that were observed during the study were able 

to sustain their electricity use savings over the three phases succeeding the first 

phase. The average for those who saved in all 4 phases ranged between 6.9% 

and 17.4%. No participants above 64 years was able to save electricity between 

the 4 phases. 75% of households that recorded electricity savings throughout the 

duration of the study belonged to the 41-64 years age category while the rest were 

of the 26-40 years category. The representation of households amongst these 

ones based on employment status was 50% apIEQe for the employed and 

unemployed, implying that no householders in the retired category saved electricity 

over the 4 phases.  

Table 6-4 shows quantitative and qualitative information about two participants Nat 

and Gary, who were amongst the 22% of participants that were consistent with 

saving electricity through the intervention and post-intervention phases of the 

study. Nat expressed fear about the amount of energy used by various appliances 

and the fact that people take for granted the amount of energy that is used in their 

homes. In order to address concerns about energy use in her home, Nat used the 

budgeting, historical data and hints and tips features of the dashboard. The budget 

feature was used to set periodic electricity use targets for her home and she used 

historical data to compare usage between two periods in order to identify what was 

going well and what was not; she also commented that information from the hints 

and tips were insightful with identifying what needs to be done for optimal electricity 

use. Some of the behavioural changes that emerged from Nat’s interview were a 

reduction in the use of tumble dryer and ensuring that the shower and lights were 

switched off when not in use. 
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Table 6-4: Electricity use related consistencies between quantitative and qualitative data for some participants 

Participants Chart Noticing Intervention used Actions taken 

Nat 

H15 

26-40 

Employed 

 

“It’s quite 

frightening really 

to see what 

energy uses 

what.” 

“just that we use a 

lot of energy and 

we take it for 

granted.” 

Goal setting: “… I use 

the budget; I do use the 

budget and I try and beat 

that each minute.  I've 

been quite successful in 

some things actually and 

obviously because it tells 

you how much you've got 

remaining for that period 

of time and then I'll be 

really vigilant on the 

electricity, so I do utilise 

the budget” 

Historical data: “Yeah, 

and then it's just like 

looking at the historical 

data really through the 

weeks and things.” 

 “The tumbler dryers hardly 

ever used…. I know it's 

difficult not to not have a 

shower obviously, (laughter) 

but just being more aware 

that it's not left running when 

the kids sort of in between 

doing things.  Yeah, it's 

changed, it has changed the 

routine definitely.  As I say, 

lights constantly were left on 

prior to it, and that's certainly 

stopped.  And then heating 

doesn’t come on hardly ever 

unless it's absolutely 

necessary…., (laughter)….  

“the kids more to turn lights 

off and yeah. just generally, 
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Hints and Tips: “it's 

things that you don’t 

realise I think that it sort 

of certainly opened your 

eyes to it.  Makes you 

more aware of what you 

can do to help” 

just being more aware of the 

energy being used.  ” 

Gary 

H19 

41-64 

Unemployed 

 

“I think it’s 

definitely made 

me more 

conscious of 

energy use,” 

“I’m happier now 

that I’m conscious 

of how much you 

can waste.” 

 

Hints and tips: “I was 

informed that there’s 

things you can do within 

your own home to not 

only benefit you and 

benefit your bills, but stop 

the place falling apart 

and rotting and all that 

sort of thing” 

“…. simple things like turning 

stuff off at the plug at night, 

which I never really used to 

bother doing.” 

 

“rather turn a load of heat up, 

I’d rather put another jumper 

on or something” 

“I don’t turn lights on 

sometimes, I mean, people 

come round in the gloom 

(laughter) and ask me what’s 

wrong” 
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The study made on participant, Gary, “more conscious of energy use” and 

wastage. Gary, like Nat, also used the information on the hints and tips to make 

beneficial changes to his usage. Some of the behavioural changes that emerged 

from Gary’s interview included turning appliance off at the plug at night to avoid 

stand by power consumption and choosing to keep the lights off at times. Gary 

also added that he would “rather put another jumper on” than turn the heating up.  

6.9.2  Summary of IEQ variables between phases 
 

i. Kitchen CO2 

 

One-way repeated measures ANOVA was used was to check the relationship 

between the 4 phases for the percentage of times the CO2 readings were within 

the acceptable range as proposed for the study by the researcher. The analysis 

showed that the data failed the Mauchly’s Test for Sphericity, thus the 

Greenhouse-Geisser correction was adopted. The correction further showed that 

kitchen CO2 PVs between the phases was not statistically significant (F (1.866, 

31.714) = 2.605, p = 0.93). A graph of the average kitchen CO2 PV for the 4 phases 

can be seen in figure 6-15. The graph shows the CO2 status for all the households 

did not improve over the study period. However, the best result after the baseline 

which was 81.64% was recorded in P3 which means that a combination of 

dashboard and serious game was likely to yield better results compared to the 

dashboard only. 

22% of households saw kitchen CO2 levels improve in all 3 phases after phase 1. 

50% of these households were of the 65+ age category while 25% each belonged 

to the 26-40 and 41-64 age categories. Employment status representation was 

50% apIEQe for the retired and employed, implying that no unemployed household 

improved their kitchen CO2 conditions in the 4 phases of the study. The average 

kitchen CO2 PV change for the 22% ranged between 4.49% and 14.38% whilst 

their average was 8.82%. The average change in CO2 PV conditions for the entire 

study however was measured at -6.71% given that the kitchen CO2 levels for 

66.67% of households worsened during the study. 
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Figure 6-15: Kitchen CO2 PV for all experimental phases with reference line showing the phasal 
averages of all households 

 

ii. Lounge CO2 

 

The analysis for the lounge CO2 PV was statistically significant which results in the 

rejection of Mauchly’s Assumption of Sphericity test. Hence, the adoption of the 

Greenhouse-Geisser correction (F (2.002, 34.027) = 3.904, p = 0.030) which 

shows that the values between at least 2 phases were statistically significant. In 

addition, the Bonferroni correction highlighted statistical significance between the 

third and fourth phases however, the values in comparison for the purpose of this 

study focussed on the first phases versus the other three phases, hence the 

Bonferroni correction results were immaterial as the significant difference existed 

between P3 and P4.  
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Figure 6-16 shows a slight improvement in lounge CO2  status between the first 

and third phases of the study which meant that the combination of the dashboard 

and serious game produced lounge CO2 levels that were better than the pre-

intervention stage, dashboard and serious game. These were also most effective 

in the improvement of lounge CO2 levels. A negative change between the first and 

second phases meant that lounge CO2 level for the households got worse in the 

second phase. The phase with the worst case between the 4 phases of the study 

was the post-intervention phase as it recorded an average PV of 69.82%.  

 

 

Figure 6-16: Lounge CO2 PV for the various experimental phases with reference line showing the 
phasal average for all households 

 

A look at the average data for each individual household showed that 22% of the 

households improved the CO2 conditions of their lounge during the 4 phases of the 

study. 75% of those who sustained improved lounge CO2 levels were between 26 

and 40 years old and employed; whilst 25% were above 64 years old and retired. 
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No unemployed households improved the CO2 conditions of their lounge across 

all phases of the study. The average improvement per household for the 22% that 

had improved lounge CO2 readings ranged between 7.78% and 20.93%, while the 

average percentage on lounge CO2 improvement for the entire study was -3.71%. 

The average percentage of lounge CO2 improvement was low because 78% of the 

participants had either zero or negative average improvement when a cumulative 

of values for all 4 phases was calculated.  

 

The outcome of the study shows that age and number of occupants did not 

significantly affect the extent to which households were likely to improve their 

indoor CO2 levels, however, unemployed households were less likely to improve 

their indoor CO2 levels.  

 

iii. Kitchen Relative Humidity 

 

The analysis for the relative humidity data was performed using the Greenhouse-

Geisser correction because of a violation of Mauchly’s Test of Sphericity. 

Greenhouse-Geisser correction revealed that the different experimental phases 

had a statistically significant effect (F (1.632, 27.747) = 8.483, p= 0.002) on how 

often households recorded kitchen RH levels of between 40% and 60%. A post 

hoc test using the Bonferroni correction showed statistical significance between 

P1 and P2, and P1 and P3 only as shown in figure 6-17. This implies that kitchen 

RH levels for the entire households improved in P2 and P3 when compared with 

what the value was at P1. 

Approximately 44% of households had positive change in kitchen humidity levels 

between all 4 phases of the study. 50% of these householders were employed, 

37.5% were retired while 12.5% were unemployed. 50% were between the ages 

of 41 and 64 years while the percentage that was of the age categories 26-40 

years and 65+ years were 25% respectively. The average kitchen RH PV 

improvement for the entire study was 29.8% because about 83% of participating 

households recorded positive average percentage changes with one household 

possessing an average change of up to 261%. 
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Figure 6-17: Kitchen RH PV for all experimental phases with reference line showing the phasal 
average for all households 

 

iv. Lounge Relative Humidity 

 

The analysis for the lounge RH data was performed with a Greenhouse-Geisser 

correction because of a violation of Mauchly’s Test of Sphericity. The Greenhouse-

Geisser correction revealed that the different experimental phases had a 

statistically significant effect (F (2.086, 35.454) = 7.040, p= 0.002) on how often 

the households had lounge RH of between 40% and 60%. A post hoc test using 

the Bonferroni correction showed that RH PVs for the phases were statistically 

significant between P1 and P2 and P1 and P3 only.  Hence, lounge RH conditions 

improved in P2 and P3 only (see figure 6-18). This implies that both the dashboard 

only and dashboard combined with serious game was effective in improving lounge 

RH across all participants. That being said however, the dashboard only was the 

better of the two as it recorded PV of 79.83% compared to the dashboard and 
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serious game which recorded PV of 70.41%. P4’s performance was the worst of 

all 3 post baseline phases. 

 

 

Figure 6-18: Lounge RH PV for all experimental phases with reference line showing the phasal 
average for all households 

 

Approximately 39% of households improved their lounge RH levels over all the 

phases of the study. The extent of change for these participating households was 

between 7.65% and 189.81%. The entire study also yielded an average lounge 

RH PV of 20.7%.  About 43% of those who had improvements in lounge humidity 

for phase 2, 3 and 4 were between the ages of 41 and 64 years, while 

approximately 28.5 each belonged to 26-40 and 65+ years old categories 

respectively. About 43% of this group was employed while 28.5% each were 

unemployed and retired. The data collected from the humidity sensors shows that 

householders who are between the ages of 41 and 64 years old and employed 

were more likely to take actions towards improving their indoor humidity levels. 
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v. Kitchen Temperature 

 

One-way repeated ANOVA was performed was on kitchen temperature PV for all 

households. The purpose of this was to check the existence of any differences in 

the amount of time the households had temperatures ranging between 18 and 21 

degrees Celsius. Mauchly’s Test for Sphericity showed that the assumption of 

sphericity had not been violated (x2(5) = 3.525, p=0.620) hence, there was a within 

subject effect when sphericity is assumed (F (3, 51) = 13.314, p= 0.000002). A 

post hoc test using the Bonferroni correction shows a statistically significant 

difference between P1 and P3. However, the significant difference was a decline 

of 13.82% in average temperature PV between P1 and P3 (see figure 6-19). 

Improvement in kitchen temperature conditions amongst all the households only 

took place between P1 and P2. 

 

 

 

Figure 6-19: Kitchen Temperature PV for all experimental phases with reference line showing the 
phasal average for all households 
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Around 17% of households improved their kitchen temperature PV during all the 

phases of the study, while the average percentage change amongst all the study 

households was 13.19%. Approximately 66% of householders who had positive 

changes in kitchen temperature between the 4 phases were employed whilst the 

rest were retired. None of the out of work households had a positive average 

change in kitchen temperature for all four phases. A third of each of the three age 

categories had changes in kitchen temperature.  

 

vi. Lounge Temperature 

 

One-way repeated ANOVA when performed on the lounge temperature PV 

showed that statistically significant difference existed between at least two 

experimental phases. Mauchly’s Test for Sphericity returned p value that was not 

statistically significant which implied that the assumption of sphericity had not been 

violated (x2(5) = 1.773, p=0.880). The within subject effect when sphericity is 

assumed is (F (3, 51) = 11.908, p= 0.000005) and a post hoc test using the 

Bonferroni correction showed a statistically significant difference between phases 

1 and 3. However, the significant difference represents a decline in average 

temperature PV between the first and third phases of the study. This means that 

improvement in lounge temperature conditions amongst all households only took 

place between P1 and P2 as shown in figure 6-20. Approximately 11% of 

participants had positive change in lounge temperature for all 4 phases of the 

study. The low number of households with positive change in lounge temperature 

over the 4 phases resulted in a cumulative average percentage of -4.1% for all 

participants. 

50% of households with a positive record for lounge temperature conditions were 

in the 26-40 age group whilst the other half was in 41 to 64 years old category. All 

households who improved the state of their lounge temperature in the 4 phases of 

the study were employed. The outcome of the records on temperature monitoring 

amongst all households showed that unemployed households were the least likely 

to make an effort towards keeping the temperature of their homes within healthy 

limits. A look at the outcome of the entire IEQ data also shows that the unemployed 

were the least likely to make efforts towards improving their indoor environment 

conditions. 
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Figure 6-20: Lounge Temperature PV for all experimental phases with reference line showing the 
phasal average for all households 

 

Table 6-5 presents some information about 5 of the study participants. Jayne, 

Chris and Tracy, Rob and Kris who were amongst participants that improved their 

indoor environment conditions over the course of the study.  

Transcript from the qualitative analysis showed that the study made Jayne more 

aware about what goes on around her environment; the IEQ dials on the 

dashboard further provided Jayne with information about the exact temperature of 

the room which she could compare in context with how she felt, prompting her to 

only use the heating when the temperature was cold as opposed to using the 

heating based on her feelings. Jayne, over the course of the study imbibed the 

habit of opening windows and putting the extractor on when cooking, washing and 

drying. 
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Chris and Tracy realised as a result of the trial that the CO2 level increased when 

there were more people in a room. Chris and Tracy occasionally used the IEQ dials 

and hints and tips as interventions for the study and their reading on the IEQ dials 

prompted then let some air into the house by opening doors and windows 

whenever the readings on the dial were outside of the proposed healthy limits.  

The intervention prompted Rob and Kris to notice the condition of the CO2 and 

relative humidity within their house. They used the IEQ dials, historical data and 

hints and tips as interventions during the study. Like Chris and Tracy, Rob and Kris 

would open the window whenever they observed that the CO2 or relative humidity 

readings were outside the healthy range or felt tired. Habits like those adopted by 

Jayne, Chris and Tracy, and Rob and Kris were also undertaken by other 

households who saw improvements in their indoor environment conditions over 

the course of the study and in the long run. A blend of both datasets were used to 

represent how both types of data complemented and added credence to each 

other. 

6.10 Conclusions 
 

After interpreting how the study participants perceived and used energy (chapter 

4) and their experience throughout the intervention process (chapter 5) as 

provided by the interviews, this study further investigated the effectiveness of the 

dashboard and serious game on energy use transition and change in indoor 

environment quality through the data provided by the in-situ equipment. This 

chapter is vital as it was meant to further corroborate the claims and comments 

made by respondents during the interviews. The outcome of the analysis showed 

that the intervention techniques were able to result in varying changes in electricity 

use and indoor environment conditions amongst participants. The changes were 

measured by comparing a baseline (P1) value with the values from the subsequent 

3 phases. 
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Table 6-5: IEQ related consistencies between quantitative and qualitative data for some participants 

Participants Graph Noticing Intervention 

used 

Actions taken/ 

behaviour 

change 

Jayne 

H39 

26-40 

Employed 

 

 

 

“It's just made 

me more 

aware,” 

IEQ: “we were 

thinking it was 

cold, and like the 

storage heaters 

weren’t warming 

up, but then you 

realise how hot it 

was in here. 

Then, the 

humidity and for 

the kitchen and 

stuff like that.” 

“…. open the 

window when I'm 

cooking, putting 

the extractor on 

and opening the 

windows when I've 

got washing drying 

and stuff.” 

“…. when you're 

cooking and 

opening the 

windows and stuff” 
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Chris and 

Tracy 

H40 

65+ 

Retired 

 

 

 

“when there's 

more of us, how 

the CO2 goes 

up.  It's 

something that 

prior to you 

coming we 

would never 

have even 

given a thought 

to.” 

 

“Just to let, to 

circulate the air 

a little bit and 

then close the 

door and we 

look again, and 

it's gone back 

down so…” 

IEQ: “So I 

suppose it's…  

And occasionally 

because even 

now I still pick 

that up, look at it 

and have a look 

and we sort of 

say oh it's gone 

up” 

Hints and tips: 

“Yes, we were 

looking at those 

[hints and tips] 

once upon a 

time.” 

“…… I still pick 

that up, look at it 

and have a look 

and we sort of say 

oh it's gone up 

and we open the 

door, don't we?” 
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“We were 

interested in 

CO2 and I think 

it was doing 

that trial that 

focused…” 

Rob and 

Kris 

H43 

65+ 

Retired 

 

“find out the 

high and the 

low and the 

medium rate of 

each appliance, 

that, I found 

very interesting, 

but the other 

thing that I 

tended really 

not to take 

much notice of, 

and it’s wrong, 

IEQ: “quite often I 

would come 

down, I’d say, 

“Have you seen 

this?  It’s going in 

the red,”” 

IEQ: “I always 

look at what it is 

and what it 

should be, but 

that’s in the 

kitchen.  So, the 

CO2s are high 

“quite often I would 

come down, I’d 

say, “Have you 

seen this?  It’s 

going in the red,” 

and what do we 

do?  I said, “Open 

the window.”   

 

“Oh, I’m getting 

tired,” and I’ve got 

to get up and open 

a window.” 
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was the CO2s, 

and what’s the 

other one?  The 

humidity?” 

and that one is 

humidity and it’s 

just on the brink 

there.  Here, 

there’s two 

orange ones”  

History: “I go into 

history, orange, 

temperature, 

please select any 

date.  Well, we 

don’t want 

today’s date.  

There used to be 

a week one, 

wasn’t there, 

where you could 

look along.  

That’s today’s.  

See, those 
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temperatures are 

quite normal, 

aren’t they?  

Lounge humidity.  

I usually do this.  

There you are 

you see.” 

Hints and Tips: 

“Yes, I still do that 

[look at hints and 

tips]” 
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The outcome of the comparison showed that a combination of the dashboard and 

the serious game (P3) were more likely to prompt electricity savings amongst 

participants than the dashboard only (P2). The sole use of the dashboard impelled 

savings amongst approximately 28% of the participants whilst a combination of the 

dashboard and serious game led to electricity conservation amongst 

approximately 78% of participants. The percentage of households that sustained 

their savings long after the researchers stopped all contact with the participants 

was 61%. Around 28% of households had electricity savings between the first 

phases and at least one of the other 3 phases, whilst 22% sustained various 

degrees of savings in all the three phases following the baseline phase.  

The electricity savings for the entire study for all participants ranged between -

7.52% to 17.42% with an overall average of 1.75%. Households that were in the 

65+ and retired category were the least likely to save electricity in all 4 phases of 

the study, this is probably the case because persons in these categories (65+ and 

retired) are more likely to spend time at home using energy compared to the other 

age and employment status categories. Although savings was achieved amongst 

some households, none of the electricity savings between phase 1 and the other 

3 phases was statistically significant when an evaluation was performed using 

repeated measures ANOVA. 

Whilst analysing the IEQ data, a parameter called Percentile Variation PV was 

created. PV (in percentage) is the amount of individual IEQ variable readings (raw 

data as captured by sensor) that were within the range that was considered healthy 

and ideal as provided by the researcher. This parameter was able to inform the 

researcher how often participating houses were within ideal conditions. On 

average, CO2, Humidity, and temperature readings collected from all participating 

houses was within the proposed limit 76.9%, 66.6% and 36.5% at the time of 

collection respectively. The findings imply that the indoor CO2 for the homes was 

more likely to be within the proposed ideal range followed by indoor humidity 

levels, while indoor temperature was the least likely to be within the proposed ideal 

range in the homes. CO2 also had the least change in PV compared to relative 

humidity and temperature. On the other hand, humidity and temperature PVs 

recorded in some homes were either close to or well above 100%. Just like the 

case of electricity, a combination of dashboard and serious game was more likely 
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to improve the frequency at which the indoor CO2 was within the ideal limits 

compared to the use of dashboard only. About 22% of households had a positive 

change in CO2 PV for all phases of the study within their kitchen and lounge, whilst 

approximately 33% had a positive change in CO2 PV between the first phase and 

at least one of the other 3 succeeding phases. In the case of relative humidity and 

temperature, phase 2 offered higher change in PV values compared to phase 3 

which implies that the use of dashboard only was more promising in keeping the 

homes within ideal healthy limits compared to the combination of the dashboard 

and serious game.  

About 39% of homes were able to sustain positive change in relative humidity PV 

between the first phase and the following 3 phases within the kitchen and lounge 

while about 55% of households had positive change in RH PV between the first 

phase and at least one of the following 3 phases. About 11% of the homes were 

able to sustain positive change in temperature PV for all phases that succeeded 

the first phase, while 17% recorded positive change in temperature PV in at least 

one of the 3 phases that followed the baseline phase.  

The outcome of the quantitative data analysis shows that use of a dashboard and 

serious game can change electricity use and IEQ of households. These changes 

were not only observed during the study but long after the researchers withdrew 

any form of contact or support to the participants. It is worth mentioning that 

weather and seasons could have had an influence on the outcome of the study. 

For instance, people are more likely to remain in their houses over the winter 

seasons compared to the summer which coincided with P1. People go out more 

often and embark on holidays in the summer season (which coincided with P2) 

implying that less electricity will also be used at the time. In addition, this could 

have also influenced the outcome of the various IEQ variables. Chapter 6 provides 

further outcomes from the interviews conducted for the study. 
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Chapter 7 

7 Conclusion 
 

This study has explored the effect of energy dashboard and serious games on 

energy use and indoor environment condition amongst social housing occupants.  

It sought to understand how humans perceive energy and indoor environment 

variables in relation to intervention technologies deployed for this intervention. 

Review of literature prior to the study revealed how elusive it is to grasp human 

behavioural patterns as it relates to energy use. Of all the intervention methods 

that were reviewed, feedback, gamification and goal setting initiatives proved to be 

the most effective as they all recorded average electricity savings of above 20%. 

Feedback or a combination of feedback with other intervention approaches led to 

savings of between -2 and 24.5 percent (Zvingilaite and Togeby 2015, Iweka et al. 

2019). The most successes were recorded in studies that provided participants 

with interactive table-top feedback systems that displayed energy use amount and 

corresponding costs. These studies showed that continuous individual feedback 

can result in the change of energy use habits and that productivity could be 

increased when individual feedback is combined with goal setting (Iweka et al. 

2019).  

Goal setting, which is one of the features that was embedded within the dashboard 

for this study was observed to yield energy savings of up to 21.9% (McCalley and 

Midden 2002), whilst gamification yielded average savings of up to 24% (Geelen 

et al. 2012). In addition, maximum energy savings reached up to 75% (Gustafsson, 

Katzeff, and Bang 2009). The competitiveness of serious games and gamification 

has been identified as a factor which highly persuaded younger people and their 

participating families during trials (Gustafsson, Katzeff, and Bang 2009). Despite 

the success recorded whilst using these methods for previous interventions, it was 

observed that most energy-related serious game studies targeted the younger 

generation, hence the need for the development of games tailored towards a 

broader range of people (including older people) given that younger and older 

people all play an important role in the struggle towards energy use and IEQ 

optimization. It also was observed that some of the interventions were successful 
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in the short term but not in the long term. Thus, it is vital for more research to be 

conducted on the sustainability of positive intervention outcomes long after the 

intervention took place. Researchers can also perform further studies on the 

effectiveness of combining In-House Displays and serious games in energy use 

and IEQ optimization. 

This study investigated these aforementioned gaps over an 18-month period using 

an intervention that endeavoured to inform and raise awareness of their energy 

use and environment conditions in a bid to prompt optimal energy use and indoor 

environment conditions. The intervention which had four phases provided 19 

households in the Midlands region with dashboards and serious games at different 

times during the study. The first phase acted as a baseline phase for the study, 

the second (where households were provided with dashboard only) and third 

phases (where households were provided with dashboard and serious game) were 

the intervention phases, while the fourth phase was the post-intervention phase. 

The study was carried out on each household’s perception of the tools provided 

and how much it resulted in change in electricity use and IEQ behaviour; 

subsequently, the data collected from the households was further analysed to 

know if any changes were sustained during the post-intervention period.  

A mixed method research approach was adopted for the study. Sensors were used 

to obtain quantitative data about energy use (electricity and gas) and three IEQ 

variables (CO2, RH, and temperature); however, the gas sensors ultimately 

provided incomplete and unreliable data which could not be reported in this study. 

The quantitative data gave an insight into how the interventions influenced 

electricity use and IEQ variable levels within the homes. In addition, two semi-

structured interviews (qualitative data) were conducted amongst the households 

to discover participant perception regarding the energy use and interventions, what 

they learnt from the study and whether the study was able to yield change in 

behaviour amongst them. 

7.1 Contributions  
 

This study has identified the potential of an energy dashboard and serious game 

in changing energy use and IEQ behaviour amongst social housing occupants. 
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Documented proceeds from this research will contribute to a growing body of work 

around using interactive technologies to engage and at the same time change 

unsustainable energy use and IEQ behaviours within society. Such technologies 

have demonstrated their ability to reduce demand for energy from carbon sources 

whilst also supporting householders to be healthier and more comfortable within 

their abode. Though this study was based on a small sample size of predominantly 

social housing occupants in the UK, its outcome has a broader context within the 

fields of IHD, behavioural sciences and gamification research. This research, 

being multi-disciplinary, provided insights into how householders interact with 

energy and make sense of energy use and IEQ feedbacks in their homes. 

Additionally, it revealed how adults interact with serious games designed to make 

people more aware of their energy use and IEQ, whilst also observing the ability 

of these tools and their accompanying interventions to trigger behavioural 

transition. 

This research generally encompasses how feedback, pro-environmental 

behaviour tips and a serious game can be used to prove the viability of the theories 

of planned behaviour and social learning. The theory of planned behaviour 

believes that actors can have perceived control over the consequence of their 

behaviours (Stikvoort, Juslin, and Bartusch 2017). Ajzen and Fishbein (1977) 

argue that knowledge does not always result in behavioural change as was the 

case with some of the participants in this study; however, providing relevant 

information can empower households to make decisions for themselves. Attaining 

some positive attitudinal changes was not a smooth journey for some participants, 

this is evidenced in results of the study which initially highlighted automaticity in 

the way households conduct themselves around home activities as presented in 

chapter 4.  

It was also observed at the first interview that 42% of participants left their 

appliances on standby mode or mobile device chargers plugged at the power 

source when nothing was connected to them. The hints and tips suggested 

alternative and sustainable practices that households could engage in to optimize 

energy use. From this, participants were also able to learn about their energy 

usage and identify high energy consumption appliances as a result of feedback. In 
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addition, participants were able to gain knowledge on the state of their home 

through the IEQ data that was provided for them. 

The potency of the theory of planned behaviour was seen in practice because the 

intervention was able to prompt changes in the way some households used 

appliances. The journey to more sustainable practices started with some 

participants feeling overwhelmed by the information and tools that they received. 

This feeling is synonymous with the exploratory stage of Kuhlthau's (1991) 

information search processes. The information gradually transitioned to useful 

knowledge as respondents began to understand how the dashboard worked and 

how the information from it could be related to their households. This occurrence 

touches on the theory of personal informatics as presented by Epstein et al. (2015).  

Personal informatics theory highlights the vitality of people reflecting on newfound 

information and how this new information eventually gets integrated to already 

existing knowledge possessed by a person. The knowledge gained from the 

information eventually triggers behaviour change (Ploderer et al. 2014). An 

important point that is worth emphasizing is that participants were able to relate 

the information they received with activities in their homes. Positive outcomes from 

the study would have been hindered if the participants were unable to do so. The 

information provided to participants around IEQ variables also prompted a change 

in attitude towards these elements as some participants reported that they opened 

their windows whenever the IEQ readings were outside of the proposed healthy 

limits in their homes. The transitions in behaviour as reported by interviewees was 

corroborated by the quantitative data collected by in-situ equipment as there were 

indications that participants reflected and acted upon the information they were 

provided. 

The serious game was intended to change the attitude of energy users by 

modelling a virtual ‘social environment’ where the game players played a role by 

interacting with game objects as proposed by the social learning theory. This is 

possible because serious games offer a mechanism that taps into the knowledge, 

emotions, intuition and interest of its players  (Hummel et al. 2011) in ways that 

can be channelled towards addressing real life issues such as energy use and 

IEQ. Just like the dashboard, participants were likely to have more success with 
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the trial if they could relate it with activities in their homes. This reemphasised the 

importance of being able to connect behavioural change information to a context 

the participant relates with. The simulation of the game was beneficial to 

approximately 17% of the participants as they picked up knowledge they could 

apply to their homes. 63% of participants also identified the game as a good way 

to learn about aspects of domestic energy use and indoor environment conditions. 

However, the set back with the application of this theory was that participants were 

not convinced the game was designed with adult players in mind.  

Application of people-centred development at the development stage of the game; 

focused on adults within the age range of the study participants would have made 

a difference to its reception. As a game developed with contributions from 

university, it might not be appropriate for working class or retired adults. 

Notwithstanding, the game increased awareness and knowledge about optimal 

energy use and IEQ behaviour amongst its users.  

This thesis also gave some insight into how incentives, ease of access and 

information visualization formats influence the use of IHD features. The 

intervention used several forms of incentives for the study. The incentives include 

that the participants got to keep the tablet used for the study. This incentive was a 

motivational prompt to take part in the study as mentioned by one of the 

respondents. The participants were also given £70 pounds in amazon vouchers to 

cover the cost of electricity and Wi-Fi used by the study equipment. And finally, the 

incentive that was the most impactful was a game-like reward system which was 

associated with the hints and tips. This system awarded points to the participants 

as they progressed on the hints and tips. Participants identified the game-like 

reward system as a major motivation to use the dashboard, this explains why about 

84% and slightly above 50% of participants reported using the hints and tips in the 

first and second interviews respectively. Some participants stated they would have 

used the dashboard a bit more if they had a similar incentive. The fascination with 

the point reward element explains why approximately 17% of participants returned 

to the hints and tips several times just to earn more points.  

A study conducted by Wee and Choong (2019) provides credence on the 

effectiveness of game elements in energy saving campaigns and it was found that 
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ease of access appeared to also contribute to how often peopled used various 

feature. The least used feature was goal setting which was the hardest feature to 

gain access to whilst the most used feature was the IEQ section of the dashboard, 

as it was the easiest to access.  

Another reason why the IEQ information was used more frequently was because 

it was displayed using colour-coded dials. The colour-coded dials had a better 

appeal than energy use information displayed using bar charts and numerals. 

Energy use in pounds sterling was also preferred over Kilowatts Hour. This gives 

an idea of how people make sense of and respond to various forms of visualized 

feedback data. This outcome is synonymous to Herrmann's (2018) opinion that 

feedback, in the form of graphs, is difficult to grasp because it is at odds with the 

social reality and mental models of the information recipient. Herrmann (2018) 

further opined that households ponder on feedback information in a variable-

centric rather than a time-centric manner. 

This thesis has shown how effective interactive technologies are in changing 

human behaviour. With the insights and gains from this study, one can deduce that 

a combination of feedback, pro-environment information and a serious game can 

trigger behaviour change amongst householders and contribute to bridging the gap 

that exists between predicted energy performance of buildings at design phase 

and the actual energy use or performance by inhabitants. Bridging this gap in the 

context of this study contributes to the essentials of sustainable and healthy living, 

and fuel security amongst households. The intended behavioural change is meant 

to make participants more energy conscious and increase awareness of energy 

use and IEQ in their homes.  This study has presented credence in a combination 

of study approaches such as pro-environment information and a serious game 

alongside feedback. The findings are significant in at least two major respects; 

because the reliability of this study was proved through other similar studies, 

interaction with professionals in the field of study, and because of the utilization of 

multiple data sources and mixed research method. It is postulated that behavioural 

changes do not always result in energy savings (Abrahamse et al. 2005) but a 

blend of quantitative and qualitative data was able to reveal that energy savings 

and IEQ improvements took place as reported in this study.  
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In conclusion, these results corroborate the findings of a great deal of the previous 

work and the average electricity savings reported as a result of this study are in 

the same region as energy savings reported by Schleich et al. (2013), Carroll, 

Lyons, and Denny (2013), Rinn et al. (2012). These studies showed that feedback 

or its combination with other approaches can potentially provide people with 

knowledge, which eventually triggers behaviour transition. The outcome of this 

study on the efficacy of serious game in behaviour change also aligns with studies 

conducted by Gustafsson, Katzeff, and Bang (2009) and Knol and de Vries (2011).  

These studies demonstrate that serious games can improve energy use behaviour 

and pro-environment awareness.  

7.2 Significance of this study 
 

The significance of this study is evident in the fields of energy and IEQ monitoring 

technologies, public health, and serious games for education. This study has 

demonstrated the potentials of energy and IEQ monitoring technologies in the form 

of feedback systems that are displayed on IHDs. The information provided by 

these technologies harbour the potential to create and sustain a reduction in 

household energy consumption behaviour. Reducing energy consumption in 

homes will help the UK government draw closer to their national carbon reduction 

targets. The outcome of this study reaffirms the effectiveness of energy feedback 

systems in engaging and altering energy use and IEQ behaviour in households. 

The altering of user behaviour can help reduce energy demands from carbon 

sources. The visual presentation of the IHD in this research provides users with 

information on how much energy they consume through their appliances.  

Furthermore, the IEQ data displayed by the IHD can provide households with 

information that enables them to make adjustments that will improve their indoor 

environment and avert health-related dangers resulting from poor IEQ. The 

implication of this study for public health is that it can give rise to further research 

on the connection between health and the indoor environment, also drawing 

attention to research that can reduce the cost of poor housing conditions to the 

NHS (Nicol, Roys, and Garrett 2015). 
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Lastly, this study adds to the body of knowledge that explores the effectiveness of 

serious games in behaviour change and learning. This field of study has 

experienced a lot of growth in the last 2 decades. The outcome of this study 

showed that serious games can be used by adults of all ages and not just children 

and adults within school, higher and further education as has been done in 

previous studies. 

7.3 Recommendations and future works 
 

Mankind has an important responsibility to save the planet from the impending 

doom of global warming. This responsibility can only be met as a result of people 

from all walks of life, around the globe, contributing their quota to ensure that the 

earth is rejuvenated. The interesting part is that everyone gets rewarded with a 

clean, comfortable, and appropriate space to inhabit; and logically, one would 

expect these this to be motivational incentive enough, but sadly they are not. 

Hence, there is a need for researchers to continue exploring more ways to get 

people of all kinds involved in the fight to save our planet.  

This study comprised of an experimental group; however, in order to develop a 

fuller picture, the introduction of several control groups (with varying interventions) 

would have helped minimize the confounding of effects. Control groups would 

have made it easier to identify how effective each of the individual interventions 

were as well as a combination of interventions. This is because small sample sizes 

can jeopardize the statistical significance of an intervention (Brandon and Lewis 

1999). Sample size variance makes it hard to equate two comparable 

interventions. It is difficult to generalize research outcomes that arise from small 

sample sizes (Abrahamse et al. 2005); hence, similar studies conducted in future 

can make do with a larger and more demographically and geographically diverse 

sample sizes. Such an approach can lead to a much richer outcome on how energy 

use and IEQ interventions affect different kinds of people. Elongated study periods 

of at least 2 years would be adequate as this will afford the researcher the 

opportunity to compare data from 2 concurrent years. Longer trial durations can 

also help avert the Hawthorne effect. 
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In addition, interventions should be carefully designed in ways that can identify 

other effects such as rebound and spill-over effects, identifying these effects 

prevents study outcomes from misleading its audience. Trials within households 

mostly focus on household representatives while ignoring what goes on between 

every member of the larger household. There is a need for entire members of 

households to be part of interventions as they are all stakeholders in the use of 

energy and the indoor environment.  

Further research needs to be conducted to find improved ways to provide 

households with feedback data given that the bar charts and numerals as used for 

this study appeared to baffle some participants. The successes following the use 

of ambient colours in communicating feedback information could be given more 

attention owing to its success in this study. Demographic factors of any intervention 

target group might also need to be considered in the design of IHDs and serious 

games. People-oriented design has gained prominence in recent times, and trial 

tools are likely to be more effective if they are designed with contributions from a 

representation of the target audience in mind. Lastly, the quantitative data obtained 

from this study can be explored for further insights and patterns using machine 

learning techniques. Machine learning can help in the identification of diverse 

patterns and models from the bank of data that was obtained from the study. 

7.4 Final words 
 

Given the results that have been presented from this study, one can conclude that 

dashboard only and a combination of dashboard and serious game are able to 

change energy use and IEQ behaviour amongst social housing occupants. 

Interventions such as feedback, hints, tips and goal setting which were 

incorporated into the dashboard all had varying degrees of success. The aim of 

these interventions was to engage and make participants more aware of their 

energy use and IEQ. This was the case by the end of the study as there were 

strong indications that the methods were able to keep participants engaged and 

informed. Additionally, there was an indication that some of them changed their 

attitude towards a variety of home activities. These changes when sustained are 

valuable to households as it minimizes their exposure to fuel poverty, improves 

their indoor housing conditions and keeps them healthy. Importantly, this can also 
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impact climate change and energy source security positive. At the end of this 

research, it can be clearly concluded that the dashboard and serious game are 

able to result in behaviour transition amongst householders.   
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9 Appendix A 
This form was used to collect some personal and property data of the participants.  

Data collection sheet 

EOI number: 

Date of installation: 

 

Occupants  Heating   Build  

1. Number of people 2. Pets  3. Boiler type 4. Radiators 5. Fireplaces/ 
installed heating 

6. Orientation 
of property 

7. Build 
date 

         
           0-3 
years 
 

         
           18-25 
years 

Number and 
type: 

             
               Combi 
boiler 

              
           No. 
radiators  

                   
                    No. gas 
fires  

(researchers to 
determine) 

 

 
           4-11 
years 
 

 
          26-40 
years 

 
              System 
boiler 

 
No. with 
thermostati
c valves 

             
No. installed 
electric fires  
(attached to 
wall) 

             
          12-17 
years 

 
         41-64 
years 

 
           No 
pets 

 
Conventional/           
heat only 
boiler 

 
 

 
         No. Storage 
heaters 

  
         65 + years 
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Any additional features e.g. conservatory, heating/fan not recorded, solar panels, energy efficiency features: 

 

Other notes: 

Sketch of approximate floor plan including location of sensors and meters: 

 

Ground floor           First floor 

Electricity Supplier: 

Tariff name: 

Unit rate: 

  Windows Doors  Flooring  Energy 
saving 

8. Construction 9. Number 
of 
bedrooms 

10. Coverings 11. External door 
types (No.) 

12. Internal door 
types (No.) 

13. Upstairs 
flooring 

14. Downstairs 
flooring 

15. Light 
bulbs 

Solid brick Groun
d floor 

No. with 
curtains 

PVC PVC No. 
carpeted 
rooms 

No. 
carpeted 
rooms 

Approx 
% of 
house 
energy 
saving 
light 
bulbs 

Cavity wall First 
floor 

No. with 
blinds 

Wooden/ 
panelled 

Wooden/ 
panelled 

No. tiled 
rooms 

No. tiled 
rooms  

Concrete  No.  
uncovere
d 

Hollow core Hollow core No. 
wooden/ 
laminate/ 
lino rooms 

No. 
wooden/ 
laminate/ 
lino rooms British steel   Other: Other: 

 

   With or without 
glass? 

With or without 
glass? 
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Meter reading: 

Time: 

 

Gas supplier: 

Tariff name: 

Unit rate: 

Meter reading: 

Time: 

Loop username: 

Password: 

Email address: 
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10 Appendix B 

Appliance survey 

Name ……………………………………………………………         Date ……………………………..       

Appliance survey 

 How many do 
you have? 
If zero, please 
skip the rest of 
the questions 
for that 
appliance 

What type do 
you have? 
(please tick all 
that apply) 

What energy 
rating is it? 
(if known) 

How often 
do you/ 
your 
family use 
it? 

What 
setting do 
you 
normally 
use? 

Which 
months of 
the year 
do you 
use it? 

Roughly how old is it? 
(please tick) 

Dishwash
er 

  Full size 

 Slimline 

 Table-top 

  
 
/times per 
week 

  

 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 

 10
+ 
yrs 

Washing 
machine 

  Washing 
machine  

 Combined 
washer dryer 

 

 
/times per 
week 

  

 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 

 10
+ 
yrs 
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Tumble 
dryer 

  Vented dryer 
(with pipe) 

 Condenser dryer 

 Combined 
washer dryer 

 

 
/times per 
week 

  

 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 

 10
+ 
yrs 

Refrigerat
or 
 

  Under-counter 
fridge 

 Tall fridge 

 Tall or American 
style fridge-
freezer 

 

 

  

 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 

 10
+ 
yrs 

Freezer 
(please skip 
this row if 
you only 
have a 
fridge 
freezer) 

  Chest freezer 

 Upright/ under-
counter freezer 

 

 

 

  

 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 

 10
+ 
yrs 

Kettle 

  Electric kettle 

 Stove top kettle 

 

 
 
/times per 
day 

  

 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 

 10
+ 
yrs 

Microwav
e 

    
/times per 
week 

  
 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 
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 10
+ 
yrs 

Oven 

  Gas oven 

 Electric oven 

 Other 

 

 
/times per 
week 

  

 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 

 10
+ 
yrs 

Hob 
  Gas hob 

 Electric hob 

  
/times per 
week 

  
  

Shower 

  Electric shower 

 Mixer shower 
(non-electric) 

  
/times per 
week 

  

  

Bath 
    

/times per 
month 

  
  

Televisio
n 

  Conventional 
tube (i.e. non-flat 
screen) 

 LED screen 

 LCD screen 

 Plasma screen 

 

 
 
/hours per 
day 

  

 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 

 10
+ 
yrs 

Portable 
heater 

  Radiant bar fire 

 Convector heater 

  
 
/hours per 
day 

  
 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 
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 Fan heater 

 Oil-filled heater 

  10
+ 
yrs 

Computer 

  Desktop 

 Laptop 

 

/hours per 
day 

  

 Less than 2 yrs old 

 2-5 yrs 

 5-
10 
yrs 

 10
+ 
yrs 
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11 Appendix C 
 

Energy literacy survey 

 

1. a) I see my household as a:  

 High energy-using household 

 Medium to High energy-using household 

 Medium energy-using household 

 Medium to Low energy-using household 

 Low energy-using household 
 
 
b) Why did you select this answer? 
 
2) Which one thing has contributed most to your understanding of energy 
issues and problems? 

 Work 

 Housing provider 

 Information from my energy supplier 

 Books, newspapers, or magazines  

 Friends or family members  

 Information from the internet 

 Television programs 

 School 

 Don’t know  

 Other (please state)   

 

3)How often do you talk to your family about ways of saving energy in and 

around the home? 

 

 A lot 

 A fair amount 

 Only a little bit 

 I may have mentioned something once or twice 

 Never  
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12 Appendix D 
 

Agreement between you and the Smarter 

Households project team 

 

I, the householder, agree to: 

 

• Participate in this project (on behalf of my household) on the basis of the details 
provided in the Householder Information sheet 
 

• Take part in two interviews with researchers in my home, where I’ll be asked about 
my energy usage and daily routines 
 

• Try out the dashboard and energy game when I am given it 
 

• Take care of the sensor equipment and give it back at the end of the trial 
 

• Let the research team attach sensors to walls  or surfaces where necessary (I 
understand this will only happen with full approval from Orbit Group) 
 

• Let the research team install a gateway (a device to receive and send data) in a 
mutually agreed location and test the electrical supply if needed (I understand this 
will only be needed if my house is chosen to host a gateway) 

 

• Contact the Smarter Households team if I think the equipment isn’t working 
properly 

 

 

Name of participant:   ..........................................................................  

 

Signature of participant:  .....................................................................    

Date: ………………………………… 

 

We, the Smarter Households team, agree to: 

 

• Store your data anonymously  
 

• Not release your personal details to anyone outside of the project team 
 

• Give you vouchers in return for your participation (amounts listed in Householder 
Information Sheet) 
 

• Allow you to keep the tablet after the trial has been completed 
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• Contact you by telephone if we need to access the equipment in your house e.g. 
for repairs 
 

• Give you at least one day’s notice if we need to come over (but also to work with 
you to find a mutually convenient time) 
 

• Never come around unannounced 
 

• Respect your belongings and always do our best not to cause any damage to your 
home 

 

 

Name of Researcher: ..........................................................................  

 

Signature of researcher:  .....................................................................    

Date: …………………………….. ..........................................................  

 

 

Consent for photography arising from the research project 

 

 

Consent for each of the statements is optional 

 

 

  
Please initial 
each 
statement if 
you agree 
 

 
I give consent for photographs in which I (or a member of my 
household) cannot be identified to be used in research project 
outputs and publicity 
 

 

 
I give consent for photographs in which I (or a member of my 
household), can be recognised to be used in research project 
outputs and publicity 
 

 

 
I give consent for photographs of parts of my home to be used in 
research project outputs and publicity 
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Name of participant:   ................................................................... 

 

Signature of participant:   ............................................................. 

 

Date:   .......................................................................................... 

 

 

 


	Structure Bookmarks
	1 Introduction 
	1.1 Study Rationale 
	1.2 Aims and Objectives 
	1.3 Research Questions 
	1.4 Summary of study and hypothesis 
	1.5 Thesis Structure 
	2 Literature Review 
	2.1 Introduction 
	2.2 Method used for the Review 
	2.3 Unsustainable Energy Practices 
	2.3.1  Climate Change 
	2.3.2  Depletion of energy sources 
	2.3.3  Fuel Poverty 
	2.3.4  Indoor environment conditions 
	 
	2.4 Social Interventions for Human-Energy Behaviour Transition 
	2.4.1  Energy labels 
	2.4.2  Energy Performance Certificates EPC 
	2.4.3  Energy auditing 
	2.4.4  Prompts 
	2.4.5  Norm appeals 
	2.4.6  Commitments 
	2.4.7  Economic incentives and disincentives 
	2.4.8  Feedback 
	 
	2.4.9  Community-Based Interventions 
	2.4.10 Benchmarks 
	2.4.11 Goal Setting 
	2.4.12 Serious games and Gamification 
	2.5 Comfort and energy requirements in the indoor environment. 
	2.6 Domestic Energy Interaction Technologies 
	2.6.1  Information Display and Advanced Metering Technology 
	2.6.2  Data acquisition 
	2.6.3  Data Transmission 
	2.6.4  Data Storage 
	2.6.5  Data Analysis 
	2.7 Summary 
	2.8 Suggestions 
	2.9 Problems Associated with Intervention and its Reports 
	2.10 Conclusions 
	3 Methodology 
	3.1 Introduction 
	3.2 Research Context 
	3.3 Study Framework 
	3.3.1  Philosophical Paradigm  
	3.3.2  Theoretical stance 
	3.3.3  Behavioural theories under consideration 
	3.3.4  Research Questions  
	3.3.5  Methodological strategies 
	3.3.6  Mixed Method Strategy 
	3.3.7  Case-based study approach 
	3.3.8  Study procedures 
	i. Need specification 
	ii. Study design 
	iii. Population selection 
	iv. Pilot Test 
	v. Intervention activities 
	vi. Data collection 
	vii. In-situ measurement 
	viii. Mediums used to interact with participants’ 
	ix. Survey data 
	x. Secondary data collection 
	3.4 Validity and reliability 
	3.5 Ethical Considerations 
	3.5.1  Informed Consent 
	3.5.2  Data Confidentiality  
	3.6 Limitations 
	3.7 Conclusions 
	4 Lifestyle and energy use perception 
	4.1 Introduction 
	4.2 Self-assessing Energy Use 
	4.3 Automaticity in daily living 
	4.4 Appliance Ownership 
	4.4.1  Factors that influence energy use variation 
	4.5 Appliances use 
	4.5.1  Space Heating 
	4.5.2  Refrigeration and freezing 
	4.5.3  Entertainment 
	4.5.4  Lighting 
	4.5.5  Showering 
	4.5.6  Cooking 
	4.5.7  Laundry and Dishwashing 
	4.5.8  Standby appliances 
	4.5.9  Engaging in collective activities 
	4.6 Billings and tariffs 
	4.6.1  Bill Payment 
	4.6.2  Tariffs 
	4.7 Conclusions 
	5 Interacting with dashboard and serious game amongst social households 
	5.1 Introduction 
	5.2 Dashboard Interaction 
	5.2.1 . Initial impression 
	5.2.2 . Engaging with the dashboard 
	5.2.3  Deciphering the dashboard information 
	5.2.4  Actions taken by participants due to dashboard 
	5.3 Participants interaction with the serious game 
	5.4 Conclusions 
	6 Impact of dashboard and serious game on electricity use and IEQ amongst households 
	6.1 Introduction 
	6.2 Quantitative data analysis method 
	6.3 Further analysis of the electricity data 
	6.4 Percentile Variation PV 
	6.5 Further analysis of the IEQ PV data 
	6.6 Dashboard: Did it make a difference? 
	6.6.1  Electricity use amongst households while using the dashboard only 
	6.6.2  Indoor CO2 within households while using the dashboard only 
	6.6.3  Indoor relative humidity within households while using dashboard only 
	6.6.4  Indoor temperature within households while using dashboard only 
	6.7 Dashboard and Serious game: Did they make a difference? 
	6.7.1  Electricity use in households while using dashboard and serious game 
	6.7.2  Indoor CO2 within households while using dashboard and serious game 
	 
	6.7.3  Indoor relative humidity within households while using dashboard and serious game 
	 
	6.7.4  Indoor temperature within households while using dashboard and serious game 
	6.8 Dashboard and Serious game: Did they make any difference in the long run? 
	6.8.1  Electricity use in the long run 
	6.8.2  Indoor CO2 levels in the long run 
	6.8.3  Indoor relative humidity levels in the long run  
	6.8.4  Indoor temperature levels in the long run 
	6.9 Summary of phasal changes amongst households 
	6.9.1  Summary of electricity use between phases 
	6.9.2  Summary of IEQ variables between phases 
	i. Kitchen CO2 
	ii. Lounge CO2 
	iii. Kitchen Relative Humidity 
	iv. Lounge Relative Humidity 
	v. Kitchen Temperature 
	vi. Lounge Temperature 
	6.10 Conclusions 
	7 Conclusion 
	7.1 Contributions  
	7.2 Significance of this study 
	7.3 Recommendations and future works 
	7.4 Final words 
	8 Reference 
	9 Appendix A 
	10 Appendix B 
	11 Appendix C 
	12 Appendix D 




