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ABSTRACT
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Doctor of Philosophy

Testing methods of initiating inter-generational interactions on energy within

the home
by Gregory Peter Sewell

For the UK to reach the strict emissions targets set within the 2008 Climate Change Act,
significant reductions in energy consumption and emissions must be made across every
sector. Whilst many new energy initiatives aimed at improving existing homes have been
launched (and closed) over the years, the fact remains that the UK now has amongst the
worst-performing homes in Europe. To add to this, the rising cost of living, particularly of
utilities, is putting ever-increasing strain on residents. To address these issues, alternative
solutions that are affordable and achievable are being explored. Improving occupant en-
ergy literacy and environmental awareness could be an approach to achieving reductions
in home energy consumption. A potentially influencing factor in the home is children.
As agents of change, children may disseminate environmental knowledge to older gener-
ations. This could be an effective way of improving their parents’ energy literacy and in

turn their energy behaviour decisions.

This research tested four different methods of initiating inter-generational interactions on
energy in the home. It investigated what topics and content would support improvements
in energy literacy, for both children and adults, as well as how to teach this content to
children. Interventions tested the differences between teaching online at home or teach-
ing in person within the school environment. Differing types of home activities, each
intended to create a potential for the interaction to take place, were tested, ranging from
simple ’Snakes and ladders’ style games for children to play with their parents, to gami-
fied continuous data logging of home energy behaviour by the participating children. A

re-playable longitudinal intervention was also tested.

Results overall suggested that children learnt more effectively within the school envi-
ronment compared to the online home environment. It also highlighted that just one

single lesson is enough to improve the energy literacy of children about ‘energy in the



home’ — although an ‘Eco Day’, comprising of several lessons and varying environmental
topics, seemed to have a longer-lasting effect on the children. When considering the inter-
generation interactions, all methods showed promising results when gathering feedback
from parents about interactions and conversations with their children. Parents reported
that they intended to sustain behavioural changes that they had made due to the inter-

vention.

Method one reinforced the rationale behind the need for inter-generational influences as
it showed homes with children consumed more energy than both those without and those

with elderly dependants.

Method two (in the school context) found that primary-aged children responded well to
scientific topics traditionally not taught until secondary school such as energy sources and
embodied carbon. Participating parents stated knowledge was passed on to them through

the interactions created by the intervention’s home activities.

Method three (in the home context) utilised gas meter readings before, during and after
an intervention and showed that as the number of interactions with the intervention’s
"Kids4climate website’ increased, rates of gas consumption decreased. Having said that,
several significant outside factors affected this study; namely the outbreak of COVID-19,
war between Russia and Ukraine and most influentially, the UK price cap on energy being

increased several times.

Method four (in the school context) reported that "concern for climate change" and "Con-
sideration of environmental impacts of decisions" both declined throughout the study for
the control group. Whereas the intervention group maintained their high levels of concern

and consideration, suggesting a positive influence from the intervention.

This research has successfully shown that several methods can be used to initiate inter-
generational energy interactions in the home. Although their effectiveness varied, both
‘online” and ‘in-person’ interventions can be used to increase and improve child-to-adult
interactions and in turn positively influence energy decisions in the home. In terms of the
practical applications of this research, it has been shown that at the small scale of this
research, improving the energy literacy levels of children and providing the opportunity
for inter-generational interaction to take place can lead to better energy decisions being
made by the main occupants in the home. It is a recommendation from this research that

energy literacy should be incorporated into the next edition of the National Curriculum.
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1 Introduction

1.1 Background

The United Kingdom (UK) requires vast amounts of energy to fuel the everyday lives of
its 69 million people [World Population Review (2024)]. In 2023, the UK consumed 163.8
million tonnes of oil equivalents (Mtoe) [ONS (2024)]. Over a decade ago, the UK govern-
ment put forward the Climate Change Act of 2008, which initially stated to “reduce carbon
emissions by at least 80% from the 1990 levels by the year 2050” [HM Government (2008)].
In April of 2021, this was tightened to 73% by 2035 [HM Government (2021)] and the
target is now 'net zero by the year 2050" [HM Government (2008)]. Yet even with
this increased focus on reducing carbon emissions throughout every sector, in 2023,
the final territorial emission total was 406.2 Mega tonnes of CO, equivalents (MtCOqe)
[Dept. BEIS (2023)]. Breaking this down between sectors and splitting transport between
air, sea, road and rail; heating homes becomes singularly responsible for the largest ma-
jority of emissions in the UK (25%) [HM Government (2023)c]. This would suggest that
domestic heating has the greatest potential for change in any sector. While the technology
to build new, highly efficient, low-energy homes already exists, there is very little con-
struction at this high-performance level and only relatively small amounts at the industry
standard level. At the turn of the millennium, only 6% of dwellings were constructed in
the previous decade, with 60% of them being built pre-1950 [DCLG (2001)]. This dis-
proportion has only increased over the last two decades, meaning that the average UK
person likely lives in a house that is significantly lower in performance than is required to

meet today’s carbon targets.

A variety of factors affect energy usage in the home, which is why it is hard to model and
evaluate; even the same aspect will vary considerably between one building to another
[De Wilde (2014)]. Putting aside the fact the UK has some of the ‘worst performing res-
idential buildings in the European Union (EU) (from an energy efficiency perspective)’
[Broad et al. (2020)], other aspects such as ‘occupancy behaviour’, which indirectly drives
building operations such as window opening and duration of heating use, contribute sig-
nificantly; in some cases, it can be responsible for 10% of variances between identical

homes [Xu et al. (2020)].

The thermal comfort of occupants is a considerable influence, with space heating within
the home being the largest contributor to home energy consumption at 66% [Palmer and
Cooper, 2013]. However, as aforementioned, occupants and their needs vary significantly —
WHO’s most recent study shows that ‘comfort’ temperatures can vary between 18C - 24C
[Ormandy and Ezratty (2012)]. These high temperatures require considerable energy to

reach, especially when occupants unwittingly add strain to the holistic strategy - for exam-



ple by simultaneously heating and over-ventilating during winter [Wingfield et al. (2008)].
This is a highly inefficient use of energy, completely within the control of the human; to
paraphrase Moezzi and Lutzenhiser, perhaps it is time to now see ‘energy efficiency as a

measure of humans, as well as machines’ [Moezzi and Lutzenhiser (2020)].

Gupta et al (2018) stated "There is clear evidence that energy use is affected by the oc-
cupants’ understanding of the systems, expectations and perception of comfort and their
habitual behaviours", going on to state this is because of a "lack of knowledge on the
daily and seasonal operation of systems' [Gupta et al. (2018)]. A study by Huebner et al
(2015) showed that heating behaviour (and other behaviour) in the home is responsible
for 19% of variability in energy consumption; a considerable amount considering it can
theoretically be changed for the better with little cost or construction-based intervention.
The researchers go on to say "Behaviour change initiatives remain important avenues to

reduce consumption" [Huebner et al. (2015)].

Out of the 28 million UK dwellings [BEIS (2020)], almost a third of them are home to
one or two adults with one or more children, commonly known as families [OFNS (2019)].
There has been very little previous research into the effect ‘everyday family dynamics’
has on energy consumption [Fell and Chiu (2014)]. It is expected that older generations
require inputs that are health-related, such as warmer rooms, but with sustainability now
taking the forefront of many governments and company campaigns, children’s exposure
to this content could make their generation more prominent in the daily decisions in the
home. This opportunity to use the younger generation as ‘agents of change’ within the

home creates the basis of research carried out here.

1.2 Energy in buildings

As aforementioned, energy consumption (including electricity from source) in the home
contributes 28% of the UK’s total energy consumption [BEIS (2020)]. This shows that
action, comparable to that being taken for the similarly sized transport sector, needs to
be taken to mitigate the energy consumption of the domestic sector. A contributing factor
to this is due to the huge variety of buildings and heating systems seen in the UK. At
the turn of the millennium, only 6% of dwellings were constructed in the previous decade,
with >60% of them being built pre-1950 [DCLG (2001)]. This means that the perfor-
mance of these dwellings will be poor compared to homes built in the present day. This is
partly due to the reduction in the rate of new homes being produced, but also due to the
positive rate of change and improvement that has occurred within the National Build-

ing Regulations. These legislative documents control the limits of any new or renovated



building in the UK, using the Standardised Assessment Procedure (SAP) to maintain a
minimum level of performance. This assessment creates Energy Performance Certificates
(EPCs). The one aspect the government cannot model or control, however, is the occupant

and the chosen behaviours and use of systems within the home such as heating or lighting.

1.3 Human behaviour in buildings

Energy consumption in residential dwellings is a complex matter that is related to the
physical building, the energy systems within it and importantly, the behaviour of the oc-
cupants who use the building and systems [Yao and Steemers (2005)]. This is especially
important since the outbreak of war in Ukraine, which has seen the gas and electricity
price cap increase significantly from around 41000 per year in 2021 to around £2000 in
2022 [Ofgem (2022)a]. It is becoming apparent that occupant behaviour has more of an
effect than designers have initially thought and is significant in terms of household energy
consumption [Steemers and Yun (2009)][Gram-Hanssen (2004)].

The behavioural factors influencing occupant behaviour have been analysed by Ben and
Steemers [Ben and Steemers (2018)] and categorised into the following distinct areas:
Socio-economic, Lifestyle, Comfort and Socio-material configurations (in which it is sug-
gested that both social and materialistic factors are actually included within a single
entity [Baker (2017)]). How one chooses to behave in these three areas will be detrimen-
tal to the overall consumption of energy in the home. Having said this, there are still
many factors that influence the behaviour and decisions of these occupants, these will be

introduced in the following sections.

Socio-economic factors

Decisions in the home have always had a financial influence behind them; even in 1989
Barrow et al investigated the effects of household social-economic attributes (e.g. income,
house size) on individual household demand for gas and electricity, aiming to produce a
model that could estimate energy consumption within the home [Barrow and Morrisey (1989)].
As expected for its age, the results of the study and the reason behind it were not due to
environmental concerns, but instead influenced by financial decisions. The current energy

prices mean that financial influence is now likely to be even more of a powerful influence.

Lifestyle
The term ’Lifestyle’ already contains many aspects of the aforementioned influences and
makes up much of any occupant’s energy demand. This demand has not only increased

year on year but also evolved, with shifts towards more time and emphasis put towards



leisure and multimedia [Anderson and Torriti (2018)]. This change in how we live is a
very important aspect of this research with the potential for generational differences to
emerge. Young people and children spend their time very differently compared to the

elderly, these also have very different energy demands.

Comfort

Thermal Comfort is very important for humans and is defined as “that condition of the
mind in which satisfaction is expressed with the thermal environment” [ANSI/ASHRAE (2013)].
But with such a variance in what comfort actually means in terms of temperature, energy

use in identical homes can vary by a factor of up to 4x [Gram-Hanssen (2010)].

1.4 Energy Literacy Levels and Improving Them

The three above overarching categories can be broken down into further detail, which will
be explored in the literature review section. One key aspect that affects all three cate-
gories is occupant awareness of their actions, their knowledge and their understanding of
the repercussions of energy decisions in the home. For example, knowing the difference
between fossil fuels, and renewable sources and making the positive choice between them
[Dwyer (2011)]. Humans are not inherently born with this type of knowledge, it must
be learnt from other sources such as education and media. If it is never learnt, then

occupants are making decisions without knowing the effects.

The above knowledge is known as "Energy literacy" - stated by Adams et al (2022) as "The
understanding people have about energy" and then importantly, the effect it has on "in-
fluencing the way people use energy systems" [Adams et al. (2022)]. This can however be
improved - environmental awareness and knowledge are now part of the National Curricu-
lum (albeit it is very limited), thus is being taught to the next generations of homeowners
and seen in the media through shows such as BBC’s Blue Planet. This has been thought
to have had a very positive impact on plastic usage for example [Science Focus (2019)].
This improvement in energy literacy could be a good alternative or additional solution to
costly ideas such as improving the fabric performance of the UK housing stock or switch-

ing homes to heat pumps from boilers.

These children, once their energy literacy has reached a good level, are not only prepared
for the future but could also be used as agents of change today. "Child-to-parent inter-
generational learning', that is, the transfer of knowledge, attitudes or behaviours from
children to parents [Lawson et al. (2018)] could prove to be an effective way of increasing

the energy literacy of the main occupants within homes, thus potentially reducing emis-



sions from aspects such as heating.

If this opportunity were to be seized upon, it raises questions about what knowledge
should be taught that is both easily understandable for children and useful for parents
within the home. Then how or when would interactions occur within the home for this
knowledge to be transferred from one generation to the other? This research aims to test
different methods of initiating interactions on energy between generations in the home.
The following sections of this thesis will explore in-depth, the rationale behind the studies
and the benefits and drawbacks of different interaction methods as well as how they have

been developed.

1.5 Problem statement

Energy consumption levels, and in turn carbon emissions are reducing slowly each year,
but this rate will need to increase if the UK is to reach its legislative targets. The UK’s
largest contributor to this overall emission rate is domestic buildings, specifically heating
them during the winter months. Occupant energy behaviour in UK homes is often based
on three aspects’; their lifestyle, their socioeconomic level and their comfort. These are

indirectly linked to confounding variables such as knowledge, awareness and ethics.

Previous research in this area tends to put more emphasis on physical building proper-
ties, geography and technologies, rather than the occupants themselves, even though it
has been found that human behaviour plays a pivotal role in energy consumption levels.
Improving energy literacy levels, through various means has also been shown to improve

energy-related decision-making in the home.

In parallel to this, this knowledge must be installed in people as early as possible. The
national curriculum currently only requires GCSE-level children (16-year-olds) to study
climate change, thus there is a significant gap that needs to be addressed. Younger chil-
dren are often seen as higher energy consumers in the home and research has shown that
as they get older they increase in their levels of energy required [Yamaguchi et al. (2020)].

Thus they have traditionally played a negative role in home energy consumption.

This research will aim to combine these two issues with a single solution; leverage children
as positive agents of change in the home by improving their energy literacy levels, provid-
ing opportunities for inter-generational interaction to occur, and in turn, disseminating

knowledge to other generations in the home, allowing adults to make better-informed



energy decisions when required.

Four different methods of achieving this, separated into four distinct methods will be

tested to ascertain which is the most effective at delivering the proposed solution.

1.6 Thesis breakdown

Below, a breakdown of this thesis can be seen. It shows the work carried out and labels the
corresponding chapters for ease of navigation within this document. The literature review
follows this introduction, a review of methods and results and the works of others in the
same and similar fields for existing gaps in knowledge. The topics can be seen broken down
further, showing how they are linked to one another. An overarching methodology sec-
tion follows the literature review, discussing the four proposed phases that will be used for
each study. Each of the four studies then has its own chapter, within which background,
methodology, results and finally discussion are considered. The discussion within each
of these study chapters will solely be about the study itself, a comparative discussion of

the four method studies then found in the following chapters, before a conclusions chapter.
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1.7 Research Questions, Aims 4+ Objectives
1.7.1 Initial Research Question

o How to initiate intergenerational interactions on energy in the home?

1.7.2 Main Aim
o To develop and test methods of initiating energy interactions between generations

in the home.

1.7.3 Objectives

1. To assess the context of inter-generational influences on energy in the home and

establish a baseline for key performance indicators.

2. To develop and test an ‘in-person, classroom’ based intervention intended to improve

energy literacy levels and promote interactions on energy between generations.

3. To develop and test an ‘online, home’ based intervention intended to improve energy

literacy levels and promote interactions on energy between generations.

4. To develop and test a ‘larger scale in-person, classroom-based longitudinal” interven-
tion intended to improve energy literacy levels and promote interactions on energy

between generations.

5. To develop content that can be used to further benefit the teaching of the environ-

mental curriculum in schools.



1.8 Disruptions to this research

This research has occurred during a turbulent and unpredictable time in modern history.
Most recently and as aforementioned, the outbreak of war in Ukraine has seen the gas
and electricity price cap double from 2021 to 2022 [Ofgem (2022)a]. The Price Cap is a
mechanism to create an upper limit to energy prices (per kWh), which the government
controls to maintain fair prices for citizens and competing providers. The UK government
has since announced several schemes to aid citizens financially during the 2022 winter pe-
riod [DBEIS (2022)]. Due to these increases, several smaller energy companies went out
of business. This included Igloo Energy, the industry partner with Southampton for the
LATENT Study. This was a five-year study investigating Heat Pump usage in homes
which meant that a potentially accessible pool of participants that would be leveraged
within this research, would no longer be accessible [Ofgem (2021)]. COVID-19 also had
an initial impact and will be discussed in the next section. Below is a timeline of some

key events that have occurred during this research.

1.8.1 Timeline of "energy price cap" changes during this research

03/2020:- Covid-19 Lockdown measures start

24/09/2020:- PhD Research starts - UK Energy Price Cap = £1164*

e 07/2021:- Covid-19 Lockdown eased

e 29/09/2021:- Igloo Energy cease trading

e 24/02/2022:- Russia invade Ukraine - UK Energy Price Cap = £1309*

e 01/04/2022:- ‘Energy Bills Support Scheme’ - £400 discount to eligible households
« 28/04/2022:- UK Energy Price Cap = £2017*

e 26/05/2022:- ‘Cost of Living Support Package’ - £400 non repayable grant

e 06/09/2022:- Liz Truss becomes Prime Minister

e 21/09/2022:- ‘Energy Bill Relief Scheme’ announced

« 01/10/22:- ‘Energy Price Guarantee’ — protect households for the next two years
o 18/10/22:- ‘Energy Price Guarantee V1’ — Reduced from two years to 6 months
» 25/10/2022:- Rishi Sunak becomes Prime Minister

« 01/03/2023:- UK Energy Price Cap = £4301*



. 30/06/2023- UK Energy Price Cap = £3300*

« 30/09/2023:- UK Energy Price Cap = £2108%*

e 31/12/2023:- UK Energy Price Cap = £1959*

. 31/03/2024- UK Energy Price Cap = £2058*

« 30/06/2024:- UK Energy Price Cap = £1796*

» 04/07/2024:- Labour come into power

. 30/09/2024-- UK Energy Price Cap = £1668*

o Until 31/12/2024:- UK Energy Price Cap = £1829*

* per year for a typical household that uses electricity and gas and pays by Direct Debit

1.8.2 The impact of COVID-19

Although now seemingly at an end, the outbreak of COVID-19 raised significant issues in
the exploration of topics in this research, as well as with the wider university and daily life.
In line with UK Government and University guidelines, in-person interventions were no
longer allowed in any form. This included teaching classes and large groups (assemblies),
interviews and focus groups and even one-on-one discussions. This meant changes were
forced upon the initial year of research, especially regarding how participant interaction
was undertaken. As the UK eased rules in 2021, university guidelines returned almost to

normality and thus research could continue.

1.9 Papers, grants and awards
1.9.1 Grants

Awarded £7500 as part of the Southampton University Public Policy New Things Fund
in the summer of 2023. This was a competitive application process run internally within
Southampton University to promote research that aids in improving public policy and en-
gagement. The money was put towards professional graphic design to aid in the creation
of a school intervention providing games and activities for 400 children. This formed part

of the main body of work within Study 4.

1.9.2 Awards and qualifications

Awarded 'Best Presentation’ at the "International Conference for Evolving Cities" in

September 2023, with over 60 presentations being shown.
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1.9.3 Journal papers

At the time of writing, one paper has been published and a second has been submitted
for review. The abstract of the published paper and title of the second can be seen below,

whilst the full published paper can be found in Appendix 7.6.4

Paper 1 - Predicting UK domestic electricity and gas consumption between

differing demographic household compositions.

Paper published in: Energies 2024, 17(18), 4753; https://doi.org/10.3390 /en17184753
(registering DOI)

This paper examines the influence of building characteristics, occupant demographics
and behaviour on gas and electricity consumption, differentiating between family groups;
homes with children; homes with elderly; and homes without either. Both regression and
Lasso regression analyses are used to analyse data from a 2019 UK-based survey of 4,358
homes (n=1,576 with children, n=436 with elderly, n=2,330 without either). For each
group, three models (building, occupants, behaviour) were tested against electricity and
gas consumption. Results indicated that homes without children or elderly consumed the
least energy. Property Type emerged as the strongest predictor in the Building Model
(except for homes with elderly), while Current Energy Efficiency was less significant, par-
ticularly for homes with elderly occupants. Homeownership and number of occupants
were the most influential in the Occupants Model, though this pattern did not hold for
homes with elderly. Many occupant and behaviour variables are often considered ‘unregu-
lated energy’ in calculations such as SAP and thus would be ignored. However, this study
found them to be significant, especially as national standards improve, recommending
that incorporating occupant behaviour in energy modelling could help reduce the energy

performance gap.

Paper 2 - Testing methods of initiating inter-generational interactions on en-

ergy within the home.

This has been submitted to the journal "Environmental Education Research" and is cur-

rently under review.
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2 Literature Review

This section looks at the existing literature and studies that have been developed around
the key themes and ideas of this research. This literature search will help collate existing
studies, methods and results and then analyse existing studies that can be used as prece-
dents for this research. The review will determine substantial gaps in knowledge to be

addressed by this research.

A systematic literature review was carried out to make certain a rigorous and logical
method of analysing the current literature was completed. This was based on the PRISMA
2020 updated statement on guidelines for systematic reviews [Page et al. (2021)]. PRISMA
stands for Preferred Reporting Items for Systematic Reviews and Meta-Analyses, and the
guidelines include ways to maintain transparency as well as methods to identify, appraise

and professionally synthesize studies.

Initially, the research question was broken down using the PICO framework (Population,
Intervention, Comparison, Outcome) [Richardson et al. (1995)]. This allows key elements
of large research questions to be divided into more appropriate parts to prepare for a sys-

tematic literature review. The list below shows the PICO framework of this research.

Population
e Primary-aged school children
 Parents/carers/guardians of the above school children

« Potential to leverage the participant group of the existing University of Southampton
LATENT Study

Intervention
« Initial baseline energy behaviours and influences of parents surveyed.
« Intervention to improve the energy literacy of children.
o Home-based intervention to promote inter-generational interaction.
o Re-assessment of parental energy behaviours and influences.
Comparison
o Initial baseline to final re-assessment.

e Method-to-method comparisons
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o Intervention group and control group surveys.
» School-to-school comparisond.
Outcome
o Parental energy knowledge and behaviour will be improved.
e One method of initiating inter-generational interactions will be more successful.

o The intervention group may see more improvement compared to the control group.

Results from different schools or age groups show significant differences.

Developing Keywords
Initial keywords were established using the research question and PICO framework above.

These were as follows:
o Method (testing)
e Occupant behaviour
« Influences (on behaviour)
o Initiating interaction
o Inter-generational interaction
e Improving behaviour
e Energy (in the home)

Several early-stage database searches of these keywords led to the inclusion of several oth-
ers. The final list can be seen below in alphabetical order. Also noted are synonyms that

are often used in industry or academic work and will also be included [Bramer et al. (2018)].

o Behaviour Change

o Children / Generations

» Domestic / Dwellings / Residential / Home
o Education / Knowledge /Energy literacy

o Energy / Emissions

o Inter-generational

o Interaction
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e Occupant Behaviour

+ Occupant Influences (on energy / decisions)

Limits within the searches

Limitations have been created in line with methods research into systematic reviews
[Nightingale (2009)][Torres-Carrion et al. (2018)]. Articles searched were all in the En-
glish language, with no initial limit on the date of writing. Publications were not limited
by the type of study (for example case studies, literature reviews etc.). Geographic limits
were also included — studies that were based in ‘more economically developed countries’
(MEDCs) were favoured as these show similar issues to the UK. Population limits were
included when searching keywords regarding generational influences, child-to-parent in-
teractions etc. However research will not be dismissed due to the study populations. A
limit of 10 pages of results has been chosen to mitigate significantly large numbers of
studies being found in the first phase. There are ten results per page, thus 100 results

will be analysed in each search.

Rationale for using Gooogle Scholar

The research and studies explored in this literature review include only one database:
Google Scholar. Google Scholar has traditionally been viewed as a contentious database.
Some research has suggested that the ranking and ordering systems used by Google are not
to the standard required, nor is repeatability guaranteed [Giustini and Kamel Boulos (2013)]
[Herman (2013)]. However, its use within systematic literature searches is becoming more
common. In 2013, a study by Gehanno et al found that Google Scholar included all stud-
ies which had been included in 29 Cochrane Systematic Reviews (738 original studies).
The conclusion drawn by Gehanno et al was that the authors of these systematic reviews
could have searched only Google Scholar rather than all the bibliographic databases they
did and found the same results [Gehanno et al. (2013)].

Search strategies
A comprehensive search consists of several strategies, three of which are discussed below

and used in this systematic review [Murdoch University (2020)].
Line-by-line: Individual keywords or phrases are searched on their own line.

Block-by-block: each search concept (PICO element) is searched on its own line.

Single Line: all searches are combined into one line.
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Block-by-block searches based on the four parts of the ‘intervention’ section
from the PICO framework:

1. Initial baseline energy behaviours and influences of parents surveyed.

B Behaviour AND (Influence OR influencing) AND (Residential OR home OR
dwelling OR domestic) AND (energy OR Emissions)

2. Intervention to improve the energy literacy levels of children.

B “Energy literacy” AND (energy OR Emissions) AND (Teach OR school OR

learn)

3. Home-based intervention to promote inter-generational interaction.

B (Intergenerational OR inter-generational OR generational) AND (Residential
OR home OR dwelling OR domestic) AND (energy OR Emissions)

4. Re-assessment of parental energy behaviours and influences.

B (“Behaviour Change” OR “behavioural change”) AND (Residential OR home
OR dwelling OR domestic) AND (energy OR Emissions)

PRISMA Flow Diagrams of block-by-block systematic search reviews The fol-
lowing four diagrams (figure 2) below show the PRISMA flow diagrams for each of the
searches completed. It can be seen that Search 1 Population returned 34 pieces of work
after the screening, Search 2 Intervention returned 15, Search 3 Comparison returned 19
and Search 4 Outcome returned 45. This totals 113 articles reviewed for relevance to
this research. These are detailed in Appendix Figures 165 to 183 and included in the

systematic literature review in the following sections of this chapter.
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2.1 The current state of energy and emissions

In 2008, the United Kingdom (UK) government put forward the Climate Change Act,
which stated to “reduce carbon emissions by at least 80% from the 1990 levels by the
year 2050”7 [UK Government (2008)]. In April 2021, this was tightened to 73% by 2035
[HM Government (2021)]. Yet in 2023, the UK consumed 163.8 million tonnes of oil
equivalents (Mtoe) [ONS (2024)], thus making the UK the 16th biggest energy consumer
in the world [World Population Review (2024)]. Breaking down the energy mix, energy
consumption from domestic buildings is responsible for over 32% of the overall UK con-
sumption [ONS (2024)]. Space Heating (SH) is singularly responsible for nearly 61% of
UK heat consumption [Reguis et al. (2021)]; it is the largest contributor of carbon emis-
sions in the home and thus has the greatest potential for positive change of all factors in

the home.

It is important to note that the year 2020 saw the global outbreak of COVID-19, lead-
ing many countries to alter daily life to mitigate the spread of the virus, which, un-
fortunately, is still prolific in some parts of the world. This led to various changes
in the consumption of energy as the country shifted to home working where possible
[Beno (2021)][Fu et al. (2012)]. For this reason, data gathered at a national level will not

be truly comparable with previous years.

300

200

Wind, solar and hydro
150 Bioenergy and waste

Natural gas
Petroleum
Coal

100

Million tonnes oil equivalent

1995 2000 2005 2010 2015 2020 2023

Figure 3: Consumption of fuel 1995-2023
Source: [ONS (2024)].

Although a decrease in consumption sounds positive when looking at figure 3, it can still

be seen that (although independently falling by several per cent) the majority of the UK’s
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energy comes from fossil fuels; petroleum and natural gas are both at least twice as high as
electricity in third place. Heat, bio-energy and waste are still significantly lower, together
making up less than 10% of the UK’s requirements. These are the only fuels to see an
increase in the last year, showing we are experiencing a positive transition, even if it is

very small.

Unlike the numerous incentive schemes put forth by the government to increase the uptake
of electric vehicles, for example, there have been relatively few successful schemes or ini-
tiatives aimed at reducing domestic energy consumption or improving homes. These have
included The Green Deal, Feed In Tariffs (FITs) and Code for Sustainable Homes (CFSH),
all of which have had incentives reduced over time or closed entirely [Ofgem (2019),
HM Government (2010)]. Households’ participation is often low, and many schemes have
shown little success; for example, 4 years after the launch of the Green Deal in 2013, only
2% of those homes assessed had completed installation of upgrades [Constable (2017)].
As aforementioned, the UK now has some of the ‘worst performing residential buildings
in Europe’ [Broad et al. (2020)].

It is apparent, with the removal of fabric-first approaches such as Code For Sustainable
Homes [HM Government (2010)] and the addition of Air Source Heat Pumps (ASHP)
in 2022 introduced into the Boiler Upgrade Scheme (BUS) [HM Government (2022)b],
that the UK government has chosen a technology-centric approach to reduce residential
emissions, rather than a fabric first approach. This contradicts the well-established ‘En-
ergy Hierarchy’, which states that ‘Energy Conservation’ (using less energy by having
better envelopes and less heat/energy wastage) is the most influential factor. Whereas
utilising ‘Renewable Energy’ sits third on the hierarchy, as it is considerably less effective
[Nat Geo (2021)]. Having said this, fabric-first improvements are often more expensive
and disruptive to occupants, hindering their uptake, especially when considering the rela-
tively low price of energy before 2022 [Bolton (2024)]. Approving technological improve-
ments at a legislative level also raises another issue - it presumes occupants heat their
homes to a mormal’ level, but many low-income households may be choosing to spend
money in other places, for example, the "heat or eat" trade-off in winter, which may lead

to serious health consequences [Beatty et al. (2014)].

Periodically, the government releases further detailed breakdowns of emissions; below, the
2023 UK consumption of energy (mtoe) percentage per sector can be seen, taken from
the ‘DUKES 2023’ document [ONS (2024)]. This graph shows the different consumption
between the varying sectors and interestingly does not split transport into its constituent

sub-categories (air, sea, rail, road). When this is done, Domestic becomes the largest at
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around 33 mtoe.

Non-energy use

Commercial, public
admin, others
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Domestic
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Figure 4: 2023 UK consumption of energy (mtoe) percentage per sector
(transport includes all sub catagories - air, rail, road, sea)
Source: [ONS (2024)].

2.2 Energy in UK buildings

The UK has great potential for positive change in reducing emissions from the residential
sector if the right steps are taken. As a country, it is already seeing the start of some pos-
itive changes, with heat pumps now readily available and discussions about banning the
sale of new gas boilers being prominent in the news [BBC (2021)b]. Recent discussions
(by the previous government) in April 2024 saw what was a complete ban on the sale
of gas boilers reduced to an 80% ban by 2035 [The Eco Experts (2024)]. This negative
watering down of a target happened even though the continued war between Russia and
Ukraine has led to several years of turbulence regarding gas supplies and energy security.
Having said that, as this transition to cleaner energy becomes more influential, proposed
electric heating systems for water and space must be well established in policy and public
opinion. An ASHP is not the only option, and alternatives are available; this may be the
reason behind the reduction in the target. It is also that the public’s level of knowledge
is of a high enough standard to understand the role they play as the user in the home,

and potentially of new strategies that will be needed.
In Autumn 2025, the Future Homes Standard (FHS) will replace the current Approved

Document Part L of the Building Regulations [[Elmhurst Energy (2025)]]. Elmhurst En-
ergy, which is creating a Home Energy Model (HEM) program that will run compliance
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calculations against the FHS for new build dwellings, states that the largest single change
will be that 'Gas boilers will no longer be able to provide heating in new homes’ Thus,
although the government has been discussing this approach for several years without
committing either way, it seems that a decision has been made and a future direction
chosen. This is, however, still in the future and may change again. It is important to
note that this strict ban would only apply to new build dwellings; all existing (and likely
conversions) may still be able to install new boilers, but it has not yet been confirmed
[[Elmhurst Energy (2025)]]. Electric heating systems such as ASHPs are not suitable for

all dwellings; thus, leeway should be provided in extreme circumstances.

Unfortunately, research so far shows that knowing more does not always lead to better
energy behaviour in the home, and even if it does, it does not always lead to a reduction
in energy consumption. There is still a "Value-Action gap’, whereby people’s values are
well aligned, but their behaviour is not [Barr (2006)]. This is seen often in many aspects
of life, especially in cases of an environmental nature. This can also be seen when people
with good levels of environmental concern or knowledge still choose bad decisions because
they "fear being exploited by free riders', for example, over-using heating because every-
one else does it [Tam and Chan (2018)].

Understanding how differing influences can impact energy consumption in the home is key
to achieving the reduction required to meet national targets and mitigate the effects of
climate change. Climatic and physical building factors have been shown to explain over
40% of variability in domestic energy use [Guerra-Santin and Itard (2010)], but many
other factors also influence the overall consumption of energy. Factors such as occupants’
demographics and behaviour can play a significant role that is often noted but over-
looked in place of factors that can be measured and improved through building efficiency
retrofits [Guerra-Santin and Itard (2010)]. The ever more energy-consuming modern way
of life, including unregulated energy from working from home and a greater number of
devices and appliances means occupant behaviour is becoming increasingly important
in terms of domestic energy consumption and future flexible energy grid management
[Bresa et al. (2024)][Nord et al. (2018)].

A contributing factor to this large consumption of energy is the huge variety of buildings
and heating systems seen in the UK. This country has a vast history, with dwellings dat-
ing back many hundreds of years. At the turn of the millennium, only 6% of dwellings were
constructed in the previous decade, with >60% of them being built pre-1950 [DCLG (2001)].
This age of home represents the majority of occupied dwellings in the UK, meaning that
the average person lives in a house that is theoretically at the end of its lifespan. For this

to have happened, dwellings are being used far longer than they were originally designed,
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meaning that the performance of these dwellings will be poor compared to homes built
in the present day. This is in part due to the reduction in the rate of new homes being
built, for example, only 37,164 homes were completed in the tax year ending 31st March
2022, a decrease on the previous year of 2% [HM Government (2022)a], but also due to
the positive rate of change and improvement that has occurred within the National Build-
ing Regulations. These legislative documents control the limits of any new or renovated
building in the UK, often using the Standardised Assessment Procedure (SAP) to main-

tain a minimum level of performance.

Developed in 1992 and still used to this day, SAP remains integral to the process of new
building and retrofitting residential buildings across the UK [DCLG (2006)]. Calculating
the combined fuel efficiency of both the heating system and the thermal efficiency of the
building fabric [DCLG (2006)]. It was developed by the Building Research Establishment
(BRE) in 1992 and has since been cited within the National Building Regulations as a
key method in determining the performance of a dwelling [HM Government (2013)]. The
assessment produces finalised data on aspects such as total energy usage and emissions of
Carbon Dioxide (CO,). It has seen many iterations over the past 30 years and has also
been incorporated into several larger schemes such as the ‘Code for Sustainable Homes’
(CFSH), which was briefly introduced in the early 2010s. All newly built dwellings and
retrofit dwellings must be assessed with SAP and achieve at least an ‘E Rating’ The cer-
tification aims to maintain minimum standards in the performance of dwellings in terms
of their energy consumption and the production of emissions. However, with the assump-
tions SAP makes regarding the heating levels of homes, it can be misleading, for example
when applied to low-income households where there is a greater chance of under-heating
[Hughes (2016)].

Although this significant legislation is in place to predict energy consumption before con-
struction and then again before handover [Mitchell and Natarajan (2020)], this process
dismisses substantial parts of the overall consumption because they are deemed to have
too much variation and an unpredictable nature [HM Government (2017)]. These ‘unreg-
ulated emissions’ essentially include any electrical item that uses a mains plug, rather than
being wired into the house and have increased substantially as people have more electrical
items [Anderson and Torriti (2018)]. This non-inclusive modelling not only contributes
to the energy performance gap [Mitchell and Natarajan (2020)] but also hands the deci-
sion to consume or save energy to the occupants, whose choices can often be impetuous
[Wingfield et al. (2008)]. This behaviour in turn often leads to excessive energy consump-

tion in the home.
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Guerra Santin et al (2013) found that 42% of variation in energy use can be attributed
to building characteristics, whilst Huebner et al (2015) found a similar 39% of variabil-
ity came from building factors alone. Both studies estimate building characteristics as
the largest influence on energy use[Guerra-Santin et al. (2013)][Huebner et al. (2015)].
These characteristics include the ‘floor area’; ‘year built’, ‘built form’ and ‘construction
type’ of the dwelling. Some of these factors, such as ‘year built’ and ‘built form’ (e.g.
flat, terraced, detached), cannot change or be improved through retrofit. Similarly, larger
properties have a greater surface area of external walls and will require more energy to
heat than smaller homes. These factors cannot be altered with typical remedial works or
technologies, thus, alternative improvements must be found. Building envelope improve-
ments, which can drastically change the building energy performance, are not represented
in variables such as ‘year built’; a more accurate measurement would be ’wall construc-
tion’, which expresses the dwelling today. Building characteristics not only produce the
most variability in energy consumption [Huebner et al. (2015)] but also often require the
most financial or invasive retrofitting to improve them. Larger properties will require sub-
stantially more capital to be invested upfront, often leading occupants to choose cheaper
or less effective methods of house improvement. Also, improvements such as zonal space
heating may lead to ignoring areas of the home, resulting in poor ventilation and the
build-up of mould [Sharpe et al. (2015)]. Furthermore, building characteristic improve-
ments are unattainable for occupants who are not homeowners due to their invasive nature

and/or changes to physical building aspects that are not allowed.

Energy in buildings, both regulated and unregulated must be at the forefront of govern-
ment strategies in fighting climate change. The construction industry is a powerful entity
in politics and is responsible for ten times the GDP of agriculture [Trading Economics (2021)].
The pace of positive progression in the construction industry is slow, and house builders
often fight the positive change that is coming [The Guardian (2021)b]. It also raises ques-
tions on who will pay for the higher performance levels of buildings that each new iteration
of the Building Regulations brings; will it be the developer? Or more likely, will it be
the buyer? The economic aspect of sustainability in buildings must be planned just as

effectively by the government.

2.3 Building occupants - influences and behaviour

Residential dwellings are only recently making their way to the public forefront of sustain-
ability legislation and grant schemes, take Electric Vehicles for example, which have seen
far more public news in recent times [BBC (2021)a]. Yet in 2019, research by Dubois et al

(2019) suggested households were responsible for 72% of global greenhouse gas emissions,
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stating "households in climate policies are neither well understood nor do they receive suf-
ficiently high priority in current climate policy strategies' [Dubois et al. (2019)]. Their
research then investigated how behavioural changes can achieve emission reductions in
European high-income countries. It found "short-term voluntary efforts not sufficient by
themselves to reach the drastic reductions needed, instead, households need a regulatory
"framework’ supporting their behavioural changes'. finding a solution to improve occu-

pant energy behaviour is a large task that will take many years of research.

As aforementioned, the Value Added GAP (VAG) refers to the discrepancy between in-
dividuals’ expressed pro-environmental values and their actual behaviours. Blake (1999)
first articulated this problem as a persistent challenge for policy makers, arguing that
possessing pro-environmental values does not necessarily translate into action. This gap
is particularly visible in the domestic sphere, where individuals often articulate concern
for the environment but continue with unsustainable consumption patterns. Blake (1999)
identified structural constraints, lack of information, and practical obstacles as major bar-

riers to converting environmental concern into meaningful change [Blake (1999)].

In the home, Barr (2006) provides a detailed analysis of the gap by categorising household
environmental actions into three: kerbside recycling, purchase decisions, and habitual en-
ergy /water conservation behaviours. His findings suggest that while recycling is widely
adopted—Ilikely because it is convenient and supported by infrastructure—other actions
that demand lifestyle changes or financial investment (such as purchasing energy-efficient
appliances) show a much lower uptake. This supports the argument that convenience,
cost, and habit formation are key mediators of the value-action relationship in domestic
settings [Barr (2006)]. This could be an important part of the research going forward,
potentially putting into question any behavioural change that may occur, particularly in

the long term, as occupants may regress to their known behaviours post-intervention.

Barr, Gilg and Ford (2006) explored this further in their study of the “household energy
gap,” distinguishing between habitual and purchase-related behaviours. They found that
householders are more likely to perform low-cost, low-effort energy-saving actions (e.g.
switching off lights) than to engage in capital-intensive measures (e.g. installing insula-
tion), despite recognising the latter’s environmental importance. Similarly, Barr and Gilg
emphasised that lifestyle is very important, considering the interplay of environmental
values, social norms, and situational constraints — helps explain why some households
bridge the gap more effectively than others [Barr and Gilg (2006)].

The topic of energy and the VAG in the home is especially important since the outbreak
of war in Ukraine, which has seen the gas and electricity price cap increase significantly

from around £1000 per year in 2021 to around #2000 in 2022 [Ofgem (2022)b]. The
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UK government included energy rationing in its worst-case scenario for the 2022 winter
months [The Guardian (2021)a] with companies such as OVO Energy also promoting bet-
ter behaviour with monetary incentives to make sure resources are not wasted

[Energy Live News (2022)]. How occupants use the energy in their homes is becoming
equally as important as the improved technologies that have previously been promoted
as the route forward by the UK government [HM Government (2022)b]. Kollmuss and
Agyeman (2002) provide a useful conceptual model for understanding these dynamics,
identifying a complex set of internal (motivation, values, knowledge) and external (in-
frastructure, social pressures, economic incentives) factors that shape pro-environmental
behaviour. When applied to the home, their framework highlights how the value—action
gap is rarely the result of a single missing element but is instead a product of compet-
ing priorities, habitual routines, and contextual barriers. Addressing the gap, therefore,
requires not only raising awareness but also redesigning domestic systems, reducing finan-
cial and practical barriers, and supporting long-term behavioural change. Any intended
changes to these elements, such as improving energy behaviour and reducing energy con-

sumption in the home, will require significant effort and implementation.

Energy consumption in residential dwellings is a complex matter that is related to the
physical building, the energy systems within it and importantly, the behaviour of the oc-
cupants who use the building and systems [Yao and Steemers (2005)]. Occupants control
far more than just the unregulated emissions excluded from SAP - they are responsible for
almost every decision in the home, and the efficacy of their decision-making can positively
or negatively affect the total energy usage of a home. At the detrimental end, Summerfield
et al have found energy use in similarly physical residential properties can still vary by two
or three times relative to each other [Summerfield et al. (2010)]. It is clear that occupant
behaviour has more of an effect than designers have initially thought and is significant in

terms of household energy consumption [Steemers and Yun (2009)][Gram-Hanssen (2004)].

Labanca and Bertoldi’s (2018) research states "Energy efficiency improvements in human
activities can greatly contribute to facing the challenge of climate change'. This is espe-
cially true of resource management; if people use less, there is more to go around. This
'sharing’ is an important aspect that all people are taught at a young age, but seem
to only apply it to certain things. Is there a way to make people think more carefully
about their energy behaviours before they make their decision? Unfortunately, most de-
cisions in the home often stem from "subconscious habits" or simple "cause and effect'
[Labanca and Bertoldi (2018)]. The conclusion was to alter policies to encourage people
to ’do better’; they suggest they are designed to encourage people to 'do more’. This
returns to their initial idea of sharing, but rather than sharing a physical item, all people

are sharing the 'cost’ of the environment by each changing slightly for the better. Another
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promising direction emerges from a 2025 field experiment conducted in Polish university
dormitories, which combined behavioural messages with technical adjustments to heating
systems. The study found that a collective psychological prompt—emphasising the shared
environmental contribution of all residents—paired with an automated reduction in the
heating curve, resulted in the most significant energy savings. Intriguingly, messaging
alone or technical tweaks alone were less effective; their synergy yielded the greatest im-
pact. Moreover, explicit acknowledgement of their shared participation helped reinforce
emerging social norms among residents [Bielig et al. (2025)]. This exemplifies how policy
measures could be designed to move people from “doing better” as individuals to “doing

more” collectively, harnessing both habit nudging and system design.

Similarly, when households receive feedback comparing their energy patterns to neigh-
bours, it can motivate reductions—even outperforming motivations rooted in cost savings
or environmental ethics [Gotbiowska et al. (2020)]. However, the effectiveness of such so-
cial comparisons can depend on how the feedback is framed. For instance, norm-based
interventions that include injunctive norms—messages about what society approves—can
prevent the so-called “boomerang effect,” where low-energy users increase consumption af-
ter seeing they’re already performing well [Caballero and Della Valle (2021)]. These find-
ings suggest that embedding norms within feedback mechanisms could subtly recalibrate
energy habits through social influence. It may also show that potential intergenerational

influences and feedback may be an additional motivator to reduce energy consumption.

Large-scale behavioural studies emphasise that simply providing information is not enough
- effective energy interventions must be thoughtfully designed to align with everyday prac-
tices and motivations. A comprehensive scoping review of 584 empirical studies found
that the most common behaviour-change tools include timely feedback, social norms
messaging, commitments, and choice architecture like defaults—but their effectiveness
varies depending on context and combination [Composto and Weber (2022)]. Similarly,
research in the Nordic countries cautions that many energy interventions lack clarity on
how they activate psychological mechanisms. Interventions grounded in local cultural
routines and delivered through trusted intermediaries are more likely to change behaviour
[Johansson et al. (2021)]. This highlights the importance of not only what is communi-
cated, but also how and by whom, ensuring interventions resonate with target audiences
and disrupt habitual patterns effectively. This is an aspect that will be discussed repeat-

edly throughout the research.
Looking at other interventions that have already occurred, Frederiks et al 2014 found

that occupants can actually "sometimes respond in unexpected and undesirable ways to

rewards and sanctions intended to shift consumers’ cost-benefit calculus in favour of sus-
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tainable behaviours'. This research, like some of those above, attempts to answer why
people, particularly in the home, act and respond in the ways they do. They conclude that
"consumer choices and behaviour are, to a large extent, driven by cognitive biases, heuris-
tics and other 'predictably irrational "tendencies' [Frederiks et al. (2015)]. This shows that
any interventions aimed at improving behaviour or similar aspects in this research must
be produced with significant "psychological, economical and behavioural key principles'

as the foundations.

Occupants’ socio-demographics and behaviour are other major influencing factors in UK
domestic electricity and gas consumption. Aragon et al (2022) undertook a two-year
heating use study on five identical tower blocks and found significant differences in en-
ergy consumption between identical flats, which the authors associated with occupant
behaviour. Many factors affect occupants’ behaviour in the home [Aragon et al. (2022)].
Looking from a bottom-up approach as put forward by Swan et al, which is to say us-
ing household data such as physical, social, demographic and behaviour at the local
scale [Swan and Ugursal (2009)], it is possible to analyse occupants for reasons such as
modelling and prediction of energy use. The behavioural factors were analysed by Ben
and Steemers [Ben and Steemers (2018)] and categorised into the following distinct ar-
eas: Socio-economic, Lifestyle, comfort and Socio-material configurations (in which it is
suggested that both social and materialistic factors are actually included within a single
entity [Baker (2017)]. How one chooses to behave in these three areas will be detrimental
to the overall consumption of energy in the home. Having said this, there are still many
factors that influence the behaviour and decisions of these occupants, and these will be

introduced in the following sections.

Socio-economic factors

Delving into older research first, decisions in the home have always had a financial influence
behind them. In 1989, Barrow et al investigated the effects of household socioeconomic
attributes (e.g. income, house size) on individual household demand for gas and electric-
ity by using data from over 50,000 households pooled from 12 consecutive years of Family
Expenditure Surveys (1972-1983). Although now over thirty years since its publication,
Baker attempted to answer some questions still relevant today, aiming to produce a model
that could estimate energy consumption within the home [Barrow and Morrisey (1989)].
As expected for its age, the results of the study and the reason behind it were not due
to environmental concerns, but instead influenced by financial decisions. Interestingly, a
similar paper by Baker and Rylatt in 2008 looked at developing these predictions further
by using data from individual household surveys, annual gas and electricity meter data
and floor-area estimates. The authors found that two variables, the number of bedrooms

and regular home working, have a significant influence on household energy consumption
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in the UK [Baker and Rylatt (2008)]. Larger houses (with more bedrooms) will of course
lead to larger energy consumption, but the latter of these (working from home) is more
prominent today than it has ever been due to the COVID-19 pandemic and may remain
a large part due to the shift in working environments. The effects of COVID on social

home energy consumption are discussed in their own section further on.

As aforementioned, the current price of gas and electricity, although almost returning to
pre-price cap increased prices, has seen higher values than it has ever been [Ofgem (2022)b].
So much so that the 2022 and 2023 winters may have forced changes to certain behaviours
due to the economic pressures that were experienced during Barrow’s 1980s research. It
may be likely that this pressure is more influential than other aspects of traditionally pow-
erful influences, such as thermal comfort. The price cap increased every quarter from Oc-
tober 2021 to March 2023, meaning that in recent winters, there has been ever-increasing
financial pressure on home occupants. This also means that there has been a constantly
increasing baseline by which comparison of results for longitudinal studies becomes dif-
ficult. The Energy Price Cap is now slightly under half of the peak it reached but has
still not returned to the value before the Russian invasion of Ukraine [Heatable (2024)].
Discussing more on the social side of socio-economic, Wolske et al (2020) found that peers
(local and neighbours) with solar panels would often influence other properties around

them into adopting the same technologies [Wolske et al. (2020)].

Lifestyle factors

Understanding of our environmental impact has increased year after year and is now the
main driving force behind much of the research into buildings and occupant behaviour.
Looking at lifestyle a generation ago, as these children are now the main occupants age;
in 1996, Mansouri et al carried out householder surveys for residents in the southeast of
England. Focusing on environmental attitudes and beliefs, appliance ownership, along
with their utilisation patterns and energy-use behaviour. The results showed that only
7 years after Baker’s surveys, occupants were now not only interested in learning more
about the environment and its impact but also willing to implement behavioural changes
to mitigate their aforementioned impact [Mansouri et al. (1996)]. A similar study by
Brandon and Lewis (1999) found that participants with positive environmental atti-
tudes, but who had not previously been engaged in many conservation actions, were
likely to change their consumption in response to energy information provided to them
[Brandon and Lewis (1999)].

The term ’Lifestyle’ already encompasses many aspects of the aforementioned influences
and accounts for a significant portion of any occupant’s energy demand. This demand

has not only increased year on year but also evolved, with shifts towards more time and
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emphasis put towards leisure and multimedia [Anderson and Torriti (2018)]. This change
in how we live is a crucial aspect of this research, with the potential for generational dif-
ferences to emerge. Young people and children spend their time very differently compared

to the elderly; they also have very different energy demands.

A UK study by Lorincz et al (2021) using the 'Time Use Survey’ (2014-2015) linked
daily activities—Ilike dishwashing, laundry, food prep, cleaning, ironing, and TV watching
- to energy usage through appliance load estimates. Energy consumption varied con-
siderably depending on how much time occupants spend on these daily tasks and when
during the day they occur [Lérincz et al. (2021)]. The same study also found that not
just the amount, but the timing and regularity of work (including working from home)
shapes energy use. Irregular or hybrid work schedules can shift high-energy activities
into or out of peak hours, potentially increasing overall home electricity consumption
[Lérinez et al. (2021)].

A study by Jones and Lomas (2015) examined electricity consumption across 315 homes
in Leicester, UK, using detailed socio-economic and dwelling data from a city-wide sur-
vey conducted in 2009-2010. The researcher’s analysis determined which factors most
strongly predicted high household electricity use. Among the strongest identified as sig-
nificant was the 'presence of teenagers’. This is likely simply due to increased loads on

energy from aspects such as clothes washing and showering [Jones and Lomas (2015)].

Lifestyle saw some changes due to the COVID-19 pandemic, and despite a clear decline in
national electricity and gas demand due to COVID-19 lockdowns, residential energy usage
bucked the trend. One UK study reported that overall electricity demand dropped by
15.6% and gas (dual-metered) demand by 12% during the first lockdown; the second lock-
down saw reductions of 6.3% and 4.1%, respectively [Mehlig et al. (2021)]. However, the
residential sector differed—total domestic energy consumption rose by 2.1%, and domes-
tic gas demand by 0.8% in 2020 compared to 2019. Specifically, between April and June
—the heart of the first lockdown — domestic energy use was up by 6.5% after adjusting
for seasonality and weather [Huebner et al. (2021)]. A similar analysis of household-level
smart meter data across England and Wales (comparing April 2020 — March 2022 to
pre-pandemic projections) revealed average increases of 7.8% in electricity and 5.7% in
gas during the pandemic’s first year. In the second year, consumption increased by 2.2%
(electricity) and 0.2% (gas). The winter lockdown of 2021 drove the largest spikes: 11.6%
for electricity and 9.0% for gas. By early 2022, electricity remained 2.0% higher, while
gas usage was slightly lower than predicted [Zapata-Webborn et al. (2023)].
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Modern UK lives often revolve around technology-rich environments. A study on “unreg-
ulated energy” — the energy consumed by appliances, electronics, and other non-heating
devices by foster and Poston (2023) revealed upward trends. Between 1970 and 2011,
appliance-related energy rose by approximately 3% annually. In particular, aged devices
like older fridges or freezers - common in low - income or social housing—can consume
27% more energy than when new. In some social-housing kitchens, appliances accounted
for 14-35% of total household electricity use, and in one instance, as much as 57%. These
data underscore how appliance proliferation and retention of inefficient devices escalate

energy demand [Foster and Poston (2023)].

Comfort factors

Thermal comfort is very important for humans and is defined as ‘that condition of the

mind in which satisfaction is expressed with the thermal environment’

[ANSI/ASHRAE (2013)]. But with such a variance in what comfort means in terms of
temperature, energy use in identical homes can vary by a factor of up to 4x [Gram-Hanssen (2010)].
As another example, this significant variation in perceived comfort can lead even to high-
performing retro-fitted homes being 40% less energy saving than anticipated

[Galvin and Sunikka-Blank (2017)].

A project by Sovacool et al (2021) found that occupants (of Germany, Italy, Spain, Swe-
den and the UK) currently have very high satisfaction with existing heating systems and
would not change their heating system in the near or far future [Sovacool et al. (2021)].
This is unfortunate as currently, the majority of heating in Europe (and 90% in the
world) comes directly from fossil fuels [IEA (2020)]. In addition to this, the world is in
transition to a far more electric-based grid with the implementation of more renewable
sources. Interestingly, as homes are improved in terms of their energy efficiency and ser-
vices get cheaper, it encourages a ‘rebound effect’; increased consumption becomes the
norm and offsets any energy savings that may have been intended or potentially achieved
[Sorrell et al. (2009)]. This is an increasingly seen issue and should be included within

models and predictions.

The concept of the rebound effect refers to situations where energy savings from efficiency
improvements are partially or entirely offset because occupants adjust their behaviour,
such as by increasing comfort levels or consuming more energy services. Specifically, in
low-income or fuel-poor households, energy efficiency gains frequently translate into in-
creased indoor temperatures, which residents previously could not afford. This behaviour,
termed temperature take-back or a comfort factor, significantly reduces net energy sav-
ings. A study by Coyne et al (2018) found that low-income households often recover just

half the anticipated savings (from the implementation of new technologies) because the
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rest is used to raise thermal comfort [Coyne et al. (2018)]. A long-term study by Penasco
and Anadon (2023) of over 55,000 UK homes across England and Wales (2005-2017)
tracked gas usage before and after insulation (cavity wall and loft). The energy savings
were initially moderate—dropping about 7% with cavity wall insulation in the first year -
but these gains diminished substantially over time, becoming negligible by year four. For
low-income households in deprived areas, reductions were only around 3%, and some even
experienced increased gas consumption immediately after retrofit, as the energy saved
was redirected toward greater heating usage for comfort [Penasco and Anadén (2023)].
Awareness factors

The ‘energy literacy’ of occupants and users can have a substantial effect on a home’s en-
ergy consumption. Dwyer (2011) states that Energy Literacy is “the baseline fluency and
knowledge of complexities related to energy use” [Dwyer (2011)] and goes on to discuss
what this means in real-world terms - knowledge in ‘topics such as fossil fuels and their
alternatives’ and most importantly ‘the link between consumption decisions and environ-
mental impact’ [Dwyer (2011)]. Breaking down this research, it is this link that forms one
of the fundamental aims; will improving energy literacy improve decisions made regarding

energy in the home?

Investigating this link further, Gadenne et al (2011) found that general environmental
beliefs and awareness do influence norms on environmental actions, but cost barriers may
have a negative influence on this in real terms. Interestingly, a strong association between
environmental attitudes and energy-saving behaviours was also found, but the latter was
not influenced by government policies or subsidies [Gadenne et al. (2011)]. Similarly,
Pothitou et al (2016) found ‘significant correlations that indicate residents with positive
environmental values and greater environmental knowledge are more likely to demonstrate
energy behaviours, attitudes and habits which lead to energy saving activities in house-
holds" [Pothitou et al. (2016)]. These two papers support the theory that improving the
energy literacy levels of occupants may lead to better energy decisions and behaviours in
the home. However, several studies, notably by Sweeney et al, (2013) and Abrahamse et
al (2005), both suggest that attitudes and awareness are not sufficient to result in energy-
saving behaviours. Sweeney states that people’s desires to reduce energy can be thwarted
by a variety of factors [Sweeney et al. (2013)], whilst Abrahamse similarly states that in-
formation results in improved knowledge levels, but not in behavioural changes or energy
savings [Abrahamse et al. (2005)].

Awareness factors of the young
As far back as 1989, it was found that levels of energy literacy can vary significantly
between demographics as well as location and gender; Barrow and Morrisey (1989) found

that males were significantly more energy literate than females (of the same age and
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school — 9th grade Maine, USA), but when compared to the same age group in a school
in New Brunswick (Canada), it was the female students that were significantly more en-
ergy literate than male [Barrow and Morrisey (1989)]. Ironically, this research was not
completed for environmentally conscious reasons but was carried out as a result of the oil
embargo years (1973-1981), to find out if young people were aware of alternatives to oil

and if political issues led to similar events in the future.

During this literature review, there has been a considerable amount of literature regard-
ing environmental awareness and energy literacy within the secondary school ages (12-16)
and higher /further education (174), but far less for ages younger such as middle/primary
school (4-11). For this reason, and with originality in mind, this research will be aimed

at the primary school age, rather than secondary.

Improving occupant behaviour of adults

Gyberg et al (2009) suggest that the main reasons for a change in an occupant’s behaviour
are motivated by both energy costs and a reduced impact on the environment - fitting
well into the socio-economic category [Gyberg and Palm (2009)]. Of course financial in-
centives are often powerful techniques to affect someone, but Iweka et al (2019) analysed
46 different studies and methods of influencing occupant behaviour (including the use of
energy labels, energy performance certificates, energy auditing, prompts, norm appeals,
commitments, economic incentives and disincentives, feedbacks, community- based initia-
tives, benchmarking, goal setting and gamification) and found that feedback, gamification,
goal setting and community-based initiatives proved to be the most effective (recording
an average energy savings of above 20%) [Iweka et al. (2019)]. The comparison between
these incentives is important for taking this thesis research forward. Gamification may

appeal to both adults and children and thus be a potential route.

Well-designed gamification can produce small-to-moderate, reliable improvements in knowl-
edge, motivation, and some behaviours — but effects vary a to-a-lot by context, which
game elements are used, and how they’re designed. In terms of education and learning;
meta-analyses find small-to-moderate positive effects of gamification on cognitive, moti-
vational, and behavioural learning outcomes [Sailer and Homner (2020)]. This could be
used to the advantage of this study to promote better learning journeys for both chil-
dren and adults. Now regarding behaviour improvement, systematic reviews and recent
randomised trials show gamified apps can increase physical activity and some health be-
haviours, but results are mixed and effect sizes are often modest and dependent on design
(social incentives and length). Some studies found sustained increases in activity when
gamification included competition or support [Balci et al. (2022), Park and Kim (2021)].

Similarly, leaderboards and rewards can increase short-term engagement, participation
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and effort by providing clear performance feedback and satisfying competence and achieve-
ment needs [Khoshnoodifar et al. (2023)]. A leaderboard scope, direction (who you com-
pare to), anonymity, and reward type strongly shape whether the element helps or hurts
motivation [Park and Kim (2021)]. It is very important that the correct amount of com-

petitiveness is designed into the leaderboard and the website as a whole.

Improving energy literacy can change energy behaviour by (1) increasing accurate knowl-
edge and skills (so people choose and use efficient technologies correctly), (2) shaping
attitudes, values and ’self efficacy’ (so people want to act), (3) enabling effective feed-
back and decision-making (so people translate knowledge to action), and (4) leverag-
ing social pathways (children, peers, social norms). many studies and systematic re-
views show small-to-moderate average reductions in energy consumption when educa-
tion is combined with feedback or norm-based messaging, but effects vary by context
and often shrink over time[Santillin and Cedano (2023)] [DeWaters and Powers (2013)]
[Wang et al. (2025)] [Jorgensen et al. (2021)].

Improved knowledge can lead to an increased capability to act. Energy literacy gives
households the factual basis to spot wasteful practices, compare appliance efficiencies,
and adopt appropriate behavioural or technical fixes. Systematic reviews define energy
literacy as including these cognitive components and conceptually linking them to be-
haviour change [Santin (2011)].

Similarly; attitudes, values and self-efficacy can lead to better energy behaviour. Mea-
surement frameworks from Dewaters and Powers (2013) found energy literacy was three-
dimensional (knowledge, affect/attitude, and behavioural/self-efficacy components). Im-
provements in knowledge alone are often insufficient unless they also increase people’s
confidence and motivation to act [DeWaters and Powers (2013)]. This three-dimensional

aspect will need to be included in the studies in order to gain the most out of them.

2.4 Current inter-generational influences on energy in the home

To what extent is energy performance determined by interactions between occupants, be-
haviour and building systems? A question posed by Steemers and Yun (2009) and one
very much in line with this research. Their research looked at "actual energy consumption
along with detailed energy-related characteristics of the housing units and their occupants'
to understand interrelationships between different aspects of the home. They found that
the most influential variable was Heating Degree Days as this directly influenced heat-

ing use and thus gas consumption in the home. Occupant behaviour was responsible for
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over 10% of variance in the winter [Steemers and Yun (2009)]. It is important to look
at climate and seasonal change in this context, as these play the biggest role in direct
energy consumption, but are out of the control of the occupants, thus looking to change

or improve behaviour may be a realistic way forward.

As discussed above, behaviour is a factor that has traditionally been difficult to model and
understand, but is an important aspect of energy use in the home. Attempting to under-
stand the human perspective, Hargreaves and Middlemiss (2020) carried out research "to
show how social relations shape how much energy people use, when and where they use
it, as well as how they respond to interventions". The research found interactions between
‘family and friends’ lead to "Learning and shaping practices, sharing energy services, and
energy consumption advice' [Hargreaves and Middlemiss (2020)]. It is important for this
research to know that interactions are taking place in the home, potentially between
family members; it is not stated if these are between inter-generational family members,

however, meaning there may be space for further research.

Traditionally, when inter-generational influences are examined, the effects of having el-
derly relatives in the home are predominantly discussed [Bardazzi and Pazienza (2020)]
[Zhu and Lin (2022)][Estiri and Zagheni (2019)][Kane et al. (2015)]. With increased life
expectancy, these issues are intensified; Pais-Magalhaes et al (2022) stated ‘it is universally
predicted that an ageing population will increase energy consumption in households’. This
is due to longer occupancy hours (and thus longer heating periods), levels of comfort re-
quiring a higher temperature and finally concerns of ill health [Pais-Magalhaes et al. (2022)]
[Kane et al. (2015)]. There is also another generation that occupies dwellings, which
have seen less research than elderly occupants, these are younger generations — children
and teenagers. The generational change also brings a change to energy consumption.
Young people now lead a more energy-intensive lifestyle than their parents did at sim-
ilar ages — particularly in terms of electricity consumption [Estiri and Zagheni (2019)].
Having said that, children and teenagers are now also exposed to more environmen-
tal knowledge than their parents were; an example of this being the Greta Thunberg
Effect, significantly improving exposure and energy literacy of children and teenagers
around the world [Sabherwal et al. (2021)]. Not only do households with children use
more energy than those without, but that consumption increases as the children get older
[Brounen et al. (2012)]. To add to this, although children use far less energy outside the
home than their parents, Japanese studies have shown that inside the home, children’s
rate of consumption is almost identical to that of adults [Yamaguchi et al. (2020)]. This
could be expected as all occupants need to complete the same generic activities in the

home (i.e.washing) and the hobbies of children now often include electronic devices.
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There has been research to show that different types of upbringings (high income vs low
income for example) can lead to different behaviours when adult life is reached. Hansen
(2018) found during their research, that "growing up in a household with more economic
means correlated with higher energy consumption today regardless of the present economic
situation" [Hansen (2018)]. This may show that the underlying behaviour that we can not
consciously control may play a far larger part than expected. It will be very hard to alter

an occupant’s behaviour if they are reverting to behaviours they learnt in their childhoods.

Similar family trends were found again by Hansen and Jacobson (2018) when researching
inter-generational transmission of energy consumption practices. The research suggested
that "practices are shared and reproduced within the family" [Hansen and Jacobsen (2020)];
importantly, this is not between young children and parents, but adults and their par-
ents, thus there is likely to often be interaction between the two parties regarding mature
topics such as energy. This is an important link that is being under-utilised as a medium
to transfer knowledge from one generation to another. This research will look to find
if knowledge can go from younger to older, rather than older to younger; an interesting

change of approach.

As aforementioned, there has been relatively little research specifically into the snow-
balling of sustainable knowledge between generations within a household

[Fell and Chiu (2014)]. This is a shortfall that could have increasingly positive effects on
energy consumption if properly managed. There appear to be very few studies analysing
energy knowledge transfer between children and adults, nor regarding the creation of
opportunities for this inter-generational transfer to occur. The following study looked
into teaching children about energy in attempting to improve their behaviour, but the
researchers carried out no data collection to ascertain if their theories were successful.
The study carried out by Fell et al at UCL (2014) took children and parents from two
primary schools and encouraged responsibility for the children to save energy at home.
It was found that ‘Children derived more motivation to save energy from responsibility
conferred by school activities than environmental concerns’ and ‘Parents’ environmental
attitudes meant that it was sometimes difficult for children to save energy even when
motivated’. However, importantly for this research, ‘Parents showed a greater inclina-
tion to pay attention to energy saving when framed as supporting their child’s learning
[Fell and Chiu (2014)]. This last point suggests that the parents of participant children
in this research may well change their behaviour to support the positive outcome for their
child. This study was looking at the behaviour and activity of the children, rather than

that of the adults or the discussions/transference of knowledge between the two groups.
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The paper also goes on to discuss another study about ‘inter-generational learning’ and
how it is promoted by activities that involve both child and parent [Ballantyne et al. (2001)].
Ballantyne et al carried out an intervention in a school and found that ‘the impact of the
program was such that the majority of students self-reported that they changed their
behaviour and carried discussions of the issue beyond the bounds of the classroom’ The
paper summarises some key learning points for future school interventions that were taken

on board when designing interventions within this research [Ballantyne et al. (2001)]:

Combining research activities, environmental experiences and class discussion
e Focusing on a local environmental problem

o Providing positive experiences which demonstrate to students that they can influ-

ence their own local environment

o Involving students’ parents in activities such as homework assignments, research

activities and class presentations

e Involving community members in programme activities by conducting surveys and
interviews, presenting project reports and research findings in a public forum, having
the programme reported in the local newspaper, asking local industries to demon-
strate their environmental management strategies and involving local business and

community groups in environmental action projects.

A 2018 thesis by Andersen looked specifically at using "Children as intergenerational en-
vironmental change agents’. The findings show children had mixed success in negotiating
social forces such as the dominance of adults in the family domain and point to the need
for school-based environmental educators to produce programs that openly enhance chil-
dren’s opportunities to have an active voice in their schools, communities and families
[Andersen (2018)]. In a similar vein, Meeusen found in 2014 a Belgian study that in fam-
ilies that communicate regularly about the environment, transmission (of environmental
concern) was more effective [Meeusen (2014)]. This would suggest that interactions are
an important aspect of teaching the next generation about key aspects such as environ-
mental concern. This study was however, looking at adult-to-child transfer, unlike this

thesis research
It has been shown above that although there are many influences on behaviour in the

home, ’awareness and knowledge of the environment’ (learnt at school or potentially else-

where), can have a positive change on occupant behaviour.
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2.5 Utilising children as influencers

In recent years, there have been several studies carried out that analyse very similar
situations and interventions to this research. Notably, Lawson et al (2018) have pub-
lished three papers assessing whether children can foster climate concerns among their
parents. In 2019, the research found that although promising, many factors affect the
success rate of knowledge transfer: Age of children, Sex of children (and parent), as well
as many existing opinions such as political stance and religious beliefs, have an influ-
ence [Lawson et al. (2018)]. The research succeeded in spreading concern from teachers
to children to parents, but it does not show or record how interactions within the home
took place. This would have been interesting to see. The study also took place over two
years, with persistent interventions in the school class; this reinforcement of messaging

was likely to be very influential.

Diana Varaden of King’s College London presented a lecture in 2020 about her work re-
garding ‘Engaging School Children in Monitoring Air Pollution’, and it became apparent
that a similar route could be undertaken within this research. Children could not only
be used as agents of change to disperse knowledge, but could also be used to gather
more data whilst they were learning about the very same topics. Although her work is
based on air pollution, her discussions about ‘using research as a tool to engage people’
still very much hold merit in the field of energy [Varaden et al. (2018)]. Further reading
into similar themes highlighted ‘the value of involving children in the research process
for raising awareness and stimulating positive changes in practice’ [Coates (2016)]. By
creating a take-home activity that engages the children in an analysis of their own home

and behaviours, they would feel much more involved as a whole.

There have been several studies into using activities, games and apps as ‘stealth interven-
tions’ to improve attitudes and behaviour [Jansz et al. (2021)]. Such a relevant example
includes the mobile game ‘Gaea’, which was used to improve attitudes towards recycling
for a study by Centieiro, Romao, and Dias, [Centieiro et al. (2011)]. It has been shown
that games can often be used as ‘powerful sites for enculturation’ [Flanagan (2010)]. This

means the act of children investigating is more important than the results they collect.

Knowing the age of the participating children will be primary/preparatory (4-11/13 years
of age), it was important to take note of the varying abilities in this group. The activity
must be simple enough for the youngest to play, but stimulating enough for the oldest to
also play. Having said that, it should also encourage discussion between the child and the
parents/carers, so it should be complicated enough to do this for all ages. The activity

must also be able to work within any online school portals; thus, simple printable sheets
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and limited accessories only should be required. A simple board game would be ideal,
with easy rules and a simple playing mechanism such as Ludo or Snakes and Ladders. The
route/board needs to be their own home, which they could draw themselves, allowing for
personalising. These games need only a dice and a token to play, both could be provided

in nets to allow more interaction and world-building to take place.

Children are a potentially untapped and under-utilised source of positive behavioural
influence in the home. By teaching children, knowledge can be positively spread through-
out the public. There are many examples of this not specifically about environmen-
tal awareness, but other factors: Nisbet et al (2007) found that initially "people are
rarely well enough informed or motivated to weigh competing ideals and arguments and
often use their predispositions when faced with new ideas", but then found that mes-
sages regarding new ideas told in a positive way often succeed - they use the teach-
ing of evolution, which is now widely regarded as common knowledge as a good ex-
ample [Nisbet and Mooney (2007)]. Climate change has often been portrayed negatively.
NASA’s website states that 'the effects of climate change will be profound’ [NASA (2022)]
whilst the Intergovernmental Panel on Climate Change states "Increasing magnitudes of
warming increase the likelihood of severe, pervasive, and irreversible impacts' [Physical and Basis (20
These are two examples of how negatively climate change is spoken of. This may not be
the best way to discuss the matter, and maybe a more positive discussion, as Nisbet et al
showed (maybe about the ways humans are helping mitigate the effects), would lead to bet-
ter acceptance of the issue. Similarly, Gerend and Shepard (2007) and Long, (2011) both
also discuss how ideas of significant importance can successfully be passed on to children,
in this case, vaccinations and climate change, respectively [Gerend and Shepherd (2007)]
[Long (2012)].

An important aspect of the above three examples is where the knowledge comes from, or
in fact, who directly teaches it. For example, Lawson (2018) discusses how a church leader
delivering a speech about climate change will have more of an impact on the audience
than hearing it from elsewhere, as that audience has tremendous ’trust in the teacher’
[Lawson et al. (2018)]. This aspect will be discussed more in the next section, where it is
scaled down from people such as organisation leaders to normal school teachers compared

to online videos.

To summarise, as discussed above, if knowledge regarding the environment and climate
change is delivered to children properly, positively and from a trusted source, it should
then be accepted by children and potentially spread without hesitation among others.

Thus children could be used as ’agents of change’.
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2.6 The energy literacy levels of children

The Current State of Environmental Education in Schools

As aforementioned several times, education and awareness can play a role in the fight
against climate change, from improving basic awareness to innovative science; it is a vi-
tal aspect that has the potential to lead to more environmentally concerned decisions
being made. The recent surge in campaigns such as the ‘School Strike for Climate’
is a perfect example of how young people are trying to make a difference. Starting
with the teachers, ‘Teach the Future’ has recently completed a Climate Education Study
[Teach The Future (2021)] including 7500 teachers across the UK. It produced some very

interesting results that are discussed below:

'v’eri concerned, it’s the most imiortant issue there is
Co ncernedl more nesds to be done to address climate chanie iuickli'
Sliihtli concerned, more should be done to address it

Not concerned, there are other issues which are much more important

8%

Figure 5: Results from the 'Teach The Future’ teacher survey question:
Rates of Teacher Climate Change Concern

Source: [Teach The Future (2021)].

Figure 5 clearly shows the concern teachers have regarding climate change, with only 8%
not being concerned. Interestingly, breaking this down to Primary vs Secondary teachers,
the latter sees an increase at both ends of the spectrum. This may be because the special-
ities of secondary school teachers vary considerably, whereas primary teachers cover all
subjects. Overall, however, there is evidence that the initial concern is there, and things

will need to change.

B | received adequate training on all aspects [ | received adequate training on some aspects 1 haven’t received training on any aspects ll Don't know
B not relevant / cannot answer

T S

Figure 6: Results from the 'Teach The Future’ teacher survey question:
Have you received Training on Teaching Climate Change Topics

Source: [Teach The Future (2021)].

It can be seen from figure 6 above that teachers overwhelmingly feel that they are not
prepared to teach topics around the environment (even though they have just said they

are concerned). This goes beyond the scope of schools to higher education; one would
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expect universities to already be ahead of the curve (and they may well be in the last
decade), but teachers who qualified before the 2000s may not have any Energy Literacy
level to speak of, and also make up the majority of the country’s teachers. Ideally, en-
vironmental awareness should be achieved across all levels and ages of the country (and

world), from primary education to businesses to government.

The study goes on to look at many other aspects, including reasons for/against teaching
Climate Change in schools; the greatest barrier being the already substantial workload
that teachers have [Teach The Future (2021)]. This is a very common issue in all of edu-

cation that seems to have no immediate or obvious solution.

Moving onto the students and children, within the same study, it was found that only 4%
of students feel they know a lot about climate change and 68% want to learn more about it
[Teach The Future (2021)]. It was also found that children in primary and secondary were
suffering from ‘eco-anxiety’, with 59% very or extremely worried about climate change,
and 84% at least moderately worried in a study by Hickman et al (2021). Emotional
impacts included being sad, anxious, angry, powerless, helpless, or guilty, and over 45%
reported these feelings negatively affected their daily functioning, with a significant finding
was that frustration and perceived betrayal in response to governmental inaction exac-
erbated distress [Hickman et al. (2021)]. It is clear that there are consequences beyond
those that climate change physically brings for children, and these could be mitigated by

improving the school system and the National Curriculum.

Environmental education within The National Curriculum

The National Curriculum is the framework by which all schools in England create lessons
and activities. This maintains an even measurement for progression and testing, and
makes sure children are at similar levels as they transition to secondary and then further
education. It often sees changes when new governments come into control, with smaller
changes ebbing and flowing as budgets and national priorities change. The last decade has
seen a significant emphasis on ‘STEM’; for example, which covers Science, Technology,
Engineering and Maths. This has been particularly focused on engaging female students,
as it became apparent there was an imbalance in the adult workforce in these areas. Of
course, these trends will always change throughout the years as more prominent ideas

become apparent to the government and nation.

The latest edition was published in October 2013, is almost 300 pages long and contains
the phrase ‘Climate Change’ exactly once. Under the topic of Earth and Atmospheric
Science, it specifies teaching of ‘evidence, and uncertainties in evidence, for additional

anthropogenic causes of climate change’ [Department for Education (2014)]. This comes
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under science for Key Stage 4, which is 15- and 16-year-olds undertaking their GCSEs.
Students have already been in school for 10 years at this point, with only 2 to go un-
til they leave permanent full-time education. There is clearly a significant gap that can
be utilised with the introduction of climate change topics much earlier than specified
by the government. Additionally, the phrasing of 'uncertainties in evidence for climate
change’ shows a certain viewpoint that may not help promote good levels of energy liter-
acy [Department for Education (2014)].

Large studies have been conducted with secondary-age children on their opinions of the
National Curriculum in terms of sustainability and the environment. Walshe et al (2025)
interviewed students from over thirty schools and found 92% of students reported learn-
ing about climate change and sustainability in school; 78% from media, 61% in primary
school, and 43% through extracurricular activities. Yet, disparities emerged: students
from more advantaged backgrounds consistently reported higher exposure via media, fam-
ily, and learning activities outside school than less advantaged peers. Interestingly, most
exposure came via geography (90%), assemblies/tutor time (75%), and science (68%)
[Walshe et al. (2025)]. This may suggest that the NC is having to be bypassed as it only
taught about environmental topics in ’science’. It is also interesting to see that it is being

covered in a variety of different lessons, not simply within science, as the NC states.

Sustainability Strategy for Education

The recent change of government may lead to new changes occurring with education, but
the last significant attempt to improve the National Curriculum (in terms of sustainable
education) was in April 2022; the UK Government published a press release with the title
'UK to lead the way in climate and sustainability education” [HM Government (2022)c]
This is a bold and very optimistic statement and when attending the 'DfE Sustainability
and Climate Change Strategy Briefing for Schools’ soon after the announcement, it was
clear that no hard changes or decisions had been made. It was obvious to all teachers
present that their own efforts (often outside the normal school scope) in their schools were
already beyond that which the government spokesperson was recommending or pushing
as groundbreaking. These include schools introducing meat-free Mondays, electing Eco-
Champions, planting trees and vegetable patches or reducing plastic usage - all of which
the schools involved in this research already have done for several years. There was no
mention of key aspirations that the teachers kept mentioning, such as funding, training
and assistance in creating real change within their schools. It is important to add that no

time frame was discussed apart from an end target of 2030 [HM Government (2022)c].

Looking within the released document at Action Area 1: Climate Education, there is talk

of ’empowering future earth citizens’, but the first addition to the National Curriculum
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is a 'Natural History GCSE’ to be launched by 2025 [HM Government (2022)c|, which
does not consider ages between 4-15. This is unfortunate to see from the perspective
of this report that it is not targeting the 4-11 primary school age. However, a welcome
addition is the ’annual climate literacy survey to benchmark progress in improving the
climate knowledge of school leavers’. Although this is for ’school leavers’, there can be no
remedial changes or improvements for those children. This could inform the need for the

topic to be taught differently.

The chapter does go on to discuss training for teachers through CPD-style education;
this is an aspect that has been discussed earlier in the report. Teachers are currently not

taught how or what to teach regarding climate change and sustainability.

The government said they hoped by 2023 to have ’developed a Primary Science Model
Curriculum, which included an emphasis on nature to ensure all children understand
the world around them’ [HM Government (2022)c]. However this did not occur, and with

the recent change of government, it can be expected that a new solution may be proposed.

COP 26: Glasgow

COP 26 saw the world’s leaders and over 2000 Non-Governmental Organisations (NGOs)
meet in Glasgow to discuss climate targets for the future [Nat Geo (2021)]. COP26 re-
leased a "Schools Pack’ aimed to inspire younger generations into action [SVCC (2021)].
These packs were aimed at teachers and included full lesson plans and activities all related
to climate change, linking in with the current national curriculum - a very similar idea to
the content proposed for the studies within this research. They are also split between Key
stages to allow for differences in ability. This is an aspect that will be discussed within

each method separately.

Additional environmental education in schools

Separate from the National Curriculum and thus not required, schools can voluntarily sign
up to one or more of many charities and groups that promote environmental education.
‘Eco-Schools’ is the largest of these, operating in 67 countries and engaging with 19.5 mil-
lion children [Eco Schools (2021)a]. It proposes a framework of 7 steps with children at
the centre, these include setting up student committees, reviewing the school and current
behaviour and setting up an eco-code of conduct. It also promotes including their 10 Eco
Topics’ into the existing curriculum. These topics include Biodiversity, Energy, Trans-
port, Waste and more. Schools have to reach certain levels to achieve certification and be
able to fly the ‘Eco-Schools Green Flag’. It has been praised by UNESCO and the United
Nations as ‘A major contributor to sustainable development’ [Eco Schools (2021)b], yet

the government has included very little if any, of the EcoSchools framework into manda-
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tory education.

Other significant organisations such as NASA and OXFAM also have similar systems in
place and offer resources for teachers, but this requires teachers to first want to teach such
topics, then to go out of their way to find resources that are suitable to also teach what is
required of the current National Curriculum. Similarly to legislation playing a significant
role in laws and requirements, such as the Building Regulations, the National Curricu-
lum requires a substantial update. This raises four questions about how environmental
education should be introduced: (i) should it be a separate subject (potentially taking
the place of something else)? (ii) Should it be included within subjects such as PSHCE
(Personal, social, health, citizenship and economic education) that have more leeway?
(iii) Could it be immersed into every subject in much smaller chunks? (iv) What topics
should be included for what ages? Referring back to the Teach The Future research, it
was found that framing climate change in terms of ‘animals, nature and wildlife’ was the
most chosen answer, followed by ‘health, food and wellbeing’. This can be seen in Figure 7
below. It would make sense to follow this as these are topics that can be aimed at all
ages, rather than the lowest performing answer ‘politics, economics and foreign policy’

which is considerably heavier.

Framing climate change in terms of animals, nature and wildlife

Framing climate cha nie in relation to health, food and wellbeing
Framing climate change in relation to the local community
48%

Framing climate change in relation to science, innovation and technolog

Framing climate change in relation to citizenship and activism
28%

Framing climate change in relation to careers and green jobs

Framing climate cha nie in relation to art and culture

Framing climate change in relation to politics, economics and foreign policy

None of these

Figure 7: Results from the 'Teach The Future’ teacher survey question:
Teachers Opinions on the Best Topics to Teach regarding Climate Change

Source: [Teach The Future (2020)].

As recently as May 2021 prominent politicians have been attempting to influence the gov-
ernment concerning environmental education; Lord Knight introduced the ‘Environment
and Sustainable Citizenship’ Bill into the House of Lords, aiming to “make provision

in the national curriculum regarding sustainable citizenship and protection of the en-



vironment” (Knight, 2021). A similar Bill was introduced in 2019 titled the ‘Climate
Emergency Education Act’, which aimed to achieve a sweeping change to the National
Curriculum, including retraining all teachers and funding youth-led climate social action
[Teach The Future (2020)]. Both are yet to see any progress, in part due to the COVID-

19 pandemic.

It is apparent that the current education system is failing in terms of teaching any aspect
of climate change and its associated topics. Yet there is hope in many initiatives and
influential people pushing for the change it needs. This research study aims to be another
positive example of the difference improved 'energy literacy’ can have in the fight against

climate change.

Eco-Anxiety amongst children

With higher levels of understanding of topics such as climate change or energy come
issues that have not been seen before in children, namely, Eco-Anxiety - which is increas-
ingly recognised as affecting even very young children. A qualitative study of children
aged 4-8 found that 96% expressed anxiety about issues such as droughts, forest fires,
and endangered species, with concerns often centred around scarcity, loss, and human
neglect [Ojala and Chen (2022)] [Hensler et al. (2025)]. Similarly, research conducted in
East London showed that around half of primary-school children were both aware of and
worried about global warming, with worry levels positively correlated with climate knowl-

edge and willingness to act [Ojala (2022)].

Children’s experience of eco-anxiety involves a range of emotional reactions, including
fear, sadness, guilt, frustration, and anger, frequently accompanied by a perception that
climate change is uncontrollable [Hickman et al. (2021)]. A scoping review identified in-
creased vulnerability in girls, particularly when opportunities for meaningful climate ac-
tion were lacking or governmental response was perceived as inadequate. Other research
highlights that eco-anxiety can extend beyond worry, encompassing trauma, spiritual and
existential distress, and even physiological anxiety, particularly among children affected
by climate-related disasters [Hickman et al. (2021)].

Coping with Eco-Anxiety is again, a very new area of study that has arisen along-
side. Studies in Sweden classify children’s coping strategies into three broad categories:
problem-focused, emotion-focused, and meaning-focused coping (Ojala, 2022). Problem-
focused coping, which involves individual or collective environmental action, may lead
to guilt or emotional exhaustion if children feel overburdened [Ojala and Chen (2022)].
Emotion-focused coping, such as avoidance or emotional distancing, can provide short-

term relief but does not resolve underlying concerns. By contrast, meaning-focused coping
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— which reframes eco-anxiety through values, hope, and engagement — appears to be
the most adaptive, supporting resilience and constructive action [Ojala and Chen (2022)].
The following interventions within this research will be designed with these coping strate-
gies in mind, attempting to find the balance between the knowledge children need to know
to make substantial change and at what point they may become prone to negative effects,

such as eco-anxiety.

If it is not dealt with properly, Eco-anxiety can lead to wider mental health outcomes.
Research on young people in regional Australia who were already using mental health
services found that eco-anxiety manifested as feelings of helplessness in the present, hope-
lessness about the future, and acute stress following climate events, all of which increased
risk for depressive symptoms and anxiety disorders [Boyd et al. (2024)]. Social support
systems were seen as critical for coping, with both clinicians and young people highlighting
the role of peer networks and collective action in reducing distress, although formal eco-
therapeutic interventions remain underdeveloped [Boyd et al. (2024)]. This paper was,

however, focused on children in secondary school and over.

Education is widely recognised as a key arena for addressing eco-anxiety. School counsel-
lors and similar roles, in particular, are seen as crucial in helping children process ecological
emotions, yet literature exploring their role remains limited [Kose (2023)]. Eco-anxiety is
both widespread and emotionally potent among youth. A pressing sense of worry often
arises from perceived societal failures, amplifying stress. But coping strategies matter:
while simply trying to act (problem-focused coping) may sometimes increase distress,
meaning-focused coping—anchored in hope, trust, and value-driven reframing—supports

resilience, well-being, and constructive engagement.

2.7 Pedagogy

Teaching during Covid-19

As aforementioned, 2020 and 2021 saw the outbreak and then the continued pandemic
caused by the COVID-19 virus. As of July 2020, approximately half of the world’s student
population had been affected by the closures of educational institutes [Viner et al. (2020)].

This led to many issues with delivering lessons of the same standard worldwide [Mahmood (2021)].
In the UK context, depending on the school or teacher, teaching during COVID-19 was

either through live sessions on programmes such as Zoom or through recorded sessions

on YouTube/Google Classroom. Children often had access to a virtual learning environ-

ment (VLE) such as Google Classroom, where resources and activities could be accessed.

Any intervention that was to be planned would have to fit into this new system for the
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foreseeable future.

Creating content for the online realm still requires the same basic principles as a classroom-
based, face-to-face delivered lesson. For example, according to Taggart et al (2024),
blending short, live contact with short tasks gave the best results for primary pupils dur-
ing/after pandemic teaching [Taggart et al. (2024)]. Teacher presence and social presence
are strong predictors of engagement in young learners’ online learning. This may be harder
to achieve as the requirement for a live teacher online may be outside the limitations of this
research; however, lessons and content will be aimed to be designed so that a child feels
“seen” [Borup and Archambault (2023)]. Amin et al (2023) suggest that parental/carer
support and simple, school-provided devices hugely improve learning outcomes for pri-
mary pupils learning from home. This too may be hard to achieve within the remit and
budgetary constraints of this research. Having said that, it is important that a wide
spectrum of participants is included within the intervention; thus, device ownership may
become a theme that can be explored further [Amin et al. (2023)].

Even with outstanding resources, virtual learning may still not be ideal for all students.
This could include those with special educational needs that would otherwise need sig-
nificant differentiation, even when in the classroom environment, and unfortunately, even
in the UK, some students will still not have access to the technology needed in the home
to take part in online education. This is known as ‘Digital Poverty’ and some disad-
vantaged areas see numbers as high as 70% for children who do not have access to a
computer outside school [BBC (2020)]. It may be a potentially viable solution to create
both classroom-based lessons and online lessons so that as many children as possible can

be reached as possible.

Reasons for teaching in the traditional classroom environment:

The classroom environment has many positive attributes that have allowed it to continue
being the dominant form of education to this day. A school is a place of learning, it is
expected as the main aim by parents and children alike, and the school day is designed to
schedule times for specific activities that aim to manage leisure and work time effectively.
This structure promotes learning for a certain amount of time and then positively rewards
that work with leisure time at several points during the day [Tabvuma et al. (2021)]. This
work and reward system mitigates some negative factors that may be detrimental to learn-
ing, such as boredom, procrastination or distractions that may occur in other learning

environments, such as the home.
The classroom environment also allows horizontal learning to take place — teaching and

learning from fellow students in the same classroom during lessons. The concept of

‘community of practice’ was conceived by Etienne Wenger in 1991, who was the first
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to recognise that members of a group were learning from each other and developing on
‘both a professional and personal level’ by sharing common knowledge and experiences
[Jiwa et al. (2011)]. The idea is now considered a crucial aspect of early development
and has been recognised to improve social interactions and behaviour throughout adult
life. This occurs less in smaller groups and is not possible when students are isolated by

themselves.

The classroom has also been designed to promote learning and mitigate distractions and
bad behaviour. Children’s seating can be organised to maximise learning, walls and dis-
plays can motivate students, and there are often several members of staff within a class to
aid in learning. Panek (2014) found that “when students are unstructured (in the home)
they overuse leisure media, such as social media and watching online videos, due to a lack
of self-control” [Panek (2014)]. This is an aspect that is hard to improve, as there are no

obvious ways of intervening within the home.

The UK’s educational system is made up of a vast amount of people, students, buildings
and infrastructure amongst a plethora of aspects behind the scenes. Any change ordered
from the government, be it for the considered benefit or unexpected detriment of the
system as a whole, will take time to take hold and show any results. When changes are
forced upon the system, or simply forced too quickly, they often fail to yield positive
results - Lamie’s categories of educational innovation (2005) breaks down changes into
various categories. An ‘enforced shift’ such as one to online learning during the COVID-
19 pandemic, for example, is a ‘power-coercive unplanned innovation’, a category with
one of the lowest likelihoods of being successful [Lamie (2005)]. Letting the education
system of the UK evolve slowly with incremental changes may lead to better success in
the long term, but unknown and uncontrollable factors such as the COVID-19 pandemic

may always be ahead, and the requirement to innovate at a fast pace may follow.

From the student’s perspective, Kemp and Greive (2014) showed that the classroom envi-
ronment is the preferred place to learn, with participants stating that “immediate feedback
from peers and teachers” was one of the most important aspects [Kemp and Grieve (2014)].
This would suggest that the lack of contact when distance or online learning may lead to
dissatisfied or under-motivated students who may not perform as well as those taught in
the classroom. Similarly to this point, an investigation by Tang et al (2020) found that
“students are generally dissatisfied with the learning effect of online courses and content”,
again showing that online does not seem to be the preferred method from the student’s
perspective. The same study also found that “a sense of isolation among students” was ev-
ident when using online methods of teaching [Tang et al. (2020)]. As previously discussed,

the social side of a learning environment is very important and is not being experienced
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when learning online.

Reasons for teaching using the online environment:

There are also many positives to teaching online, the first could be considered the most
well-known and that is the flexibility that comes with working from home. Caldwell (2018)
found that Japanese students “were happy to learn either way, the inherent convenience
offered by online learning means they are more likely to choose this”. This ‘convenience’
is a significant positive for online learning, allowing students to maintain other aspects of
their lives; Keengwe and Kidd (2010) also found that there are “various benefits for online
learning including flexibility in terms of when the work is undertaken”, allowing students
to work on different items at different times and compensate when they are unwell for
example [Keengwe and Kidd (2010)].

There are numerous additional benefits, for example, not having to travel to and from
or experience the social pressures of the school/university environment is often seen as
reason enough to move to online learning. In addition, research has indicated that online
learning is “pedagogically promising because it encourages deeper learning due to its self-
paced and student-centred approach” [Grieve et al. (2017)]. The ability to re-watch, or
pause recorded lessons, allows this student-centred approach and is unachievable in the

classroom environment.

Online learning also allows for a broader range of students located potentially across the
world to gain access to qualifications they may not have been able to previously. This
‘international audience’ is a huge benefit of online learning that could allow any potential
interventions of this research to reach a participant group large enough to provide signif-

icantly powerful data for analysis.

Comparing and contrasting the above - In Person Vs Online:

An interesting aspect of this debate is that perceived perceptions may not match real-
world results, for example, in a study completed by Vaccani et al (2016), 69% of students
agreed with the statement: “I feel that being able to interact with the lecturer in person
in a classroom setting is a better learning experience than the online format’ - yet the
online students performed better than live lecture students within the associated exam.
This may mean that their opinion could be based on the lack of social interaction, rather
than the level of education they were receiving. The students are likely to put this social
side at a higher importance, whereas the teachers would likely put the level of education

as the most important aspect.
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Deslauriers argues that students are found to often feel that learning online is harder than
in person [Deslauriers et al. (2019)], but this is a misconception, and the issue does not
come from being online, but from the change in technique — going from in-person classes
to online classes. Deslauriers et al (2019) go on to say “This is due to students’ inexperi-
ence with the new learning format and the increased cognitive challenges they experience
within this demanding environment, especially at the beginning of its implementation,
as opposed to the perceived “cognitive fluency” of the traditional lecture format. These
findings introduce an important aspect of the discussion - time. After the initial change
has occurred, students struggle as aforementioned, but after some time the online pro-
cedures become ingrained and the quality of learning returns to normal. For example
at the start of the COVID-19 pandemic, schools and universities “encountered several
serious problems with software and procedures” [Todd (2020)], often leading to wasted
lesson time and lack of concentration. These were, however, “largely solved within a few
weeks”, and the lessons returned to the initial pre-COVID level of performance. There
is always a learning curve with anything new, but once this is overcome, the benefits of
the new system or procedure can be gained. Children, students and adults alike are now
accustomed to working online, and it may have many potential benefits in the future.
Similarly, Tabvuma et al (2021) found that when initially transitioning to online learning
“there was an increase in time spent on leisure activities”, meaning learning was not at
the optimum level for at least a short period. The novelty of not being in the classroom
also means students and children are not watched by staff and thus behaviour control is
not possible [Tabvuma et al. (2021)].

Improving the energy literacy levels of children

A 2023 Vietnamese study by Quy Van Khuc et al found that 83% of participating stu-
dents wanted to increase their energy-saving knowledge, but around 50% were interested
in enrolling in an energy course, suggesting that the want to take action and the act of
taking action are still far apart when it comes to environmentally conscious behaviour
[Khuc et al. (2023)]. This raises the question, however, whether those who completed
the course would then behave better in terms of their energy decisions? This study
was also using university age students. Turning attention to younger teenagers and chil-
dren, Rohmatulloh et al (2022) found programs in middle schools were able to inspire
a change in behaviour toward energy saving through habituation in learning activities
[Rohmatulloh et al. (2022)].

Bayley et al (2021) carried out a study using game design to improve the energy literacy
levels of children. An online game titled "Power Pets’ was used to teach about energy and
its connection to the environment. Findings suggested "Power Pets provided preliminary

indications for improvements in children’s understanding of energy saving and the link
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between energy saving and the environment” [Bayley et al. (2020)]. This style of teaching
would suit this thesis research very well. Combining gamification with the topics of
animals, which was earlier suggested as a key topic for teaching environmental awareness
to children. Having said that, a game of this magnitude is outside the scope of this
research. If a similar-themed game can make a similar impact, it may produce a good
study. Similarly, ’Games for Change’ has seen an increase in research in recent years.
Ndulue and Orji have found 15 games are now accessible that are purely aimed to teach

children about energy and sustainability [Ndulue and Orji (2023)].

2.8 Summary

In summary, it is evident that homes and the people within them are a hugely influential
factor in reducing energy consumption in the UK. Occupants in homes have many differ-
ent reasons and drivers for the way they behave, and environmental awareness or ’energy

literacy’ has the potential to be one of the most influential.

There appears to be a substantial gap in the national curriculum regarding environmental
topics, especially aimed at those younger than GCSE age (for which there are no require-
ments to learn anything related to the environment from ages 4-15), yet the government
has not implemented any environmental content into the national curriculum since 2014.
It should not be the case that children do not get to learn what will most likely have the
biggest effect on them throughout their lifetime. This also means, however, that there is
an untouched population that can be used to pass knowledge on to the main occupants

of homes.

This research will target all of the above aspects: teaching children the knowledge they
need to act responsibly, creating opportunities for discussion between the generations and
finding out if there has been a transfer of knowledge that has led to behavioural change

of the occupants.

There have been several aspects discussed in the above literature review that have dif-
ferent viewpoints to achieve the same goal. For example, there appear to be balanced
arguments that justify school learning and online learning, therefore this research will

have to test both methods to find which is more appropriate.

2.9 Research Questions

To follow the initial research question of this literature review, these will be answered in

this thesis to meet the aim and objectives:
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. How do occupants currently behave (in terms of energy) in the home?

. What are the current levels of inter-generational influences on energy in the home?
. What are the current energy literacy levels of occupants and children?

. What topics and knowledge would be best to teach children (and parents)?

. How should this knowledge be delivered?

. How should interactions be triggered in the home?

. What is considered a successful interaction?
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3 Methodology

The aims and objectives of this research study are addressed through the four different
studies in this research and are based on a multi-part method, referred to as phases
throughout, which can be seen below. Some studies will cover only one or two phases,
whereas others will cover all five. The methods put forward below are not based on in-
terventions from other studies, but have been produced from analysing a wide range of

papers and studies.

Phase 1 — Establishing a Parental Energy Behaviour Baseline
Phase 2 — Improving Energy Literacy Levels of Children

Phase 3 — Creating Opportunity for Inter-Generational Interaction
Phase 4 — Reassessing Parental Energy Behaviour Baseline

Phase 5 — Longitudinal Reassessment of Parental Energy Behaviour Baseline

Phase 1 - Creating a baseline of current energy behaviour in the home is a key part of
understanding if any changes occurred during the interventions. It is important to gather

information and data that is relevant, reliable and measurable during this stage.

Phase 2 — Each method had an intervention that aimed to improve the energy literacy
levels of the children taking part (excluding method 1). Methods 2 and 4 took place

within the school environment, and method 3 took place within the online environment.

Phase 3 — All three methods that included this aspect attempted it within the home.
Methods 2 and 4 employed physical, tactile games to encourage interaction with parents,
whilst Method 3 used an online data-gathering activity. The actual recordings or data

gathered were secondary to the act of interaction.

Phase 4 — Reassessing the baseline of energy behaviour in the home is a key part of un-
derstanding if any changes occurred during interventions. It is important to gather the

same information and data at the end of the study, thus allowing for comparisons.
Phase 5 - During Method 4, an additional longitudinal aspect was included to gather data
on whether the gained knowledge and improved energy behaviour were retained over a

period of time.

Figure 8 below summarises how the four studies correspond with the five phases within

the research.
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Figure 8: Graphic showing the four studies in relation to the phases covered
Figure 9 summarises the four studies and can be seen below, stating the intervention at

each stage and the final number of participants. Phase 5 is not included within this and

will be discussed later in the research.
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3.1 Sampling Strategy Description

There are many advantages and disadvantages to using children in a study, but initially,
the correct age must be chosen. The 0-4 age group was dismissed because they were inac-
cessible and could not complete an intervention. Secondary age was dismissed as they are
already undertaking (although incredibly limited) lessons focused on the environment at
school. The National Curriculum includes learning the 'pros and cons’ of climate change
during GCSE studies [Department for Education (2014)]. There are also an abundance
of external influences aimed toward this age, such as the 'Fridays for Future’ initiative

[Fridays for Future.org (2022)]. Thus, the primary age was chosen (4-11).

3.2 Measuring success of the research

Determining how to measure the outcomes is reviewed in the following section. Initially,
quantitative data was collected, particularly participant gas and electricity meter read-
ings. When combined with a control group, a successful study would produce data that
would ideally show the intervention group reducing their energy consumption when com-

pared to that of the control group.

However, to maintain larger groups of participants for more powerful data during analy-
sis, a similar idea was to negate the control group and ask the participants for additional
meter readings, taking readings from a time before the study took place. This would,
once normalised with Heating Degree Days (HDD), show a normal daily consumption,
then this would be compared with a similar normalised consumption using the final meter
reading after the intervention, also normalised for HHD. A pre- and post-summer meter
reading was also considered; this would allow the removal of Domestic Hot Water (DHW)

from the overall consumption, leaving only space heating.

It has been discussed earlier in this report how geopolitical factors have affected the study.
The invasion of Ukraine by Russian forces, which in turn caused energy prices around the
world to increase, coincided with Study 3 - Kids4Climate.co.uk. An increase in the energy
price cap meant the higher unit and daily charges led to occupants around the country
reducing their heating usage. It was therefore not possible to state that any reductions
in utility consumption would be an effect of economic issues or the positive effect of the

intervention.
A successful study would now show improvements between phases 1 and 4 (described

below). It would also show a difference between control group survey responses and in-

tervention group survey responses, with the latter ideally showing behaviours towards
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energy demand reduction in the home when compared to the control group or the ini-
tial survey responses. A relationship between responses that show an inter-generational
interaction and an improvement in energy behaviours in the home will show the highest
levels of success. Respondents who show an interaction has taken place, but has not led

to improved energy behaviours in the home, would still show success, but at a lower level.

3.3 Statistical Analysis of and between the Studies

It is discussed above that the studies can be analysed internally, namely between phase
one and phase four, which are directly comparable before and after intervention results.
It is the intention that cross-analysis between the studies will also take place, aiming to
compare and contrast not just the results, but the methods themselves, to understand
if there is an ideal solution to take this research forward in the future. Initially, basic
descriptive analyses will be carried out before more in-depth regression analyses are com-
pleted. These may vary based on data and results available from each phase and study.
Each phase is tested three times over the four studies, with the exception that study four
also includes the fifth phase.

Analysis of Phase 1 intends to further understand the reasons behind the current energy
behaviour of adults in the home, specifically, whether children currently play a role in
affecting the decision-making of their parents. This phase maintains a similar method,

process and format throughout the three studies.

The analysis of Phase 2 intends to compare the three different methods that are used to
improve the energy literacy levels of children. This phase sees significant change between
the three studies and thus may require analysis that also changes. This phase is a key
part of the study; without a successful phase 2, the following phases are almost nullified,

thus the analysis must be of high quality.

Phase 3, creating opportunity for inter-generational interactions, also varies from study
to study. The pros and cons of each study’s method to do this will be analysed here. The
main distinction will be between online and in-person opportunities, both of which have

many merits.
Phase 4 is intended to be very similar to Phase 1. This is to allow direct comparisons be-

tween the two - one before and one after the main intervention (phases 2+3). Comparing

this phase between the various studies may show which methods worked more effectively.
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Phase 5 cannot be compared directly between studies as it only occurred within study 4.
However, it is inherently comparable to phase 4 of the studies as it is gathering the same
data. The only difference is the time between the intervention and the data gathering

within this phase.

3.4 Study Populations

Several different populations of participants were utilised within this research. The LA-
TENT population were initially utilised within Study 1 and then used again for Study 3.
Woodcot Primary School was used for Study 2 and Study 4, with Walhampton Prepara-
tory School also providing participants for Study 4. Figure 10 illustrates how the four

different studies encompassed different populations.

Study 1 Study 2 Study 3 Study 4
LATENT Energy in the Home Kids4Climate Eco homes
Igloo Energy Customer Base Igloo Energy Customer Base
Circa 26,000 participant Circa 26,000 participant
families families
v
i 4 N\
Woodcot Primary School Woodcot Primary School
Circa 200 Students 200 Students

Walhampton Prep School

150 Students
\_ J

Figure 10: Graphic demonstrating the participant pools and potential
number of participants

Concerning this research, the LATENT study provided a combination of primary and
secondary data. An existing survey was to be sent to the entire customer base of Igloo
Energy, an energy company that has since fallen into administration as the Ukraine-Russia
conflict escalated and energy prices increased. This research was granted access to the
survey before it was released, and four questions were added that would aid in collecting
data for Phase 1 - establishing current energy behaviours in the home. The existing sur-
vey already contained fifty questions regarding an array of topics; further details can be

seen in later sections.
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Woodcot Primary School had pre-existing connections with researchers at the University
of Southampton and was open to research taking place within the school environment, as
well as encouraging the uptake of home activities with their students’ families.

Transitioning the study online required a participant pool that was families with children
of the correct age and who had reliable access to devices and the internet at home. Re-
turned to the LATENT Studies, participants met these requirements. The participant
pool had also already worked with the university, and thus, the uptake may have been
higher than approaching those who had not already built a relationship with a research

institute.

Returning to the school environment was required for Study 4. Adding a second school
not only improved potential numbers of participants, and, in turn, the potential reliability
of collected data but also provided an opportunity to test a different social demographic.
Walhampton Prep is an independent school in an area that scores far higher in terms of
indices of deprivation when compared to Woodcot Primary. This may allow for interesting

comparisons to be made.

Summary In summary, the four studies within this thesis will each use a four-phase
methodology. Initially, a baseline for current energy behaviour and inter-generational
influences in the home is established. Secondly, an intervention takes place aimed at
improving the energy literacy levels of children. Thirdly, an opportunity is provided for
children and adults to interact within the home. Lastly, a re-assessment of the energy
behaviour and inter-generational influences in the home is completed. Changes between
phases one and four will be the main comparisons for each study’s measure of success.
Ideally, an improvement on the initial baselines would show a high level of success. By
designing each method around these four Phases, the data produced at each stage would

be comparable for a range of analyses.
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3.5 Study 1 - The LATENT Study

Study 1 can work in synchronicity with Study 2; the first looking at Phase 1 - Parental
Energy Behaviour Baseline exclusively, and Study 2 undertaking Phases 2-4. Together,
they can act as one larger intervention covering all 4 phases of the overarching method.
However, they utilise a different participant pool and thus comparisons must be under-
stood to have this caveat. Study 1 could be more effectively described as an attempt to
gather a large-scale baseline of current energy behaviour in the home. The participant
pool is not 100% accurate or representative of the UK population, but the participant

numbers do suggest a better reliability than that of Study 2.

3.5.1 Study 1 Background

The aim of Study 1 was to assess the context of inter-generational influences on energy
in the home and establish a baseline of key performance indicators. It specifically looked
at influences on energy behaviour originating from inter-generational sources other than
the occupant, in this case, children and the elderly. It is also intended to ascertain poten-
tial future opportunities in the home for inter-generational influence to occur. The data
collected in the study were used to create a reference baseline that future studies would

aim to outperform.

This study would not be possible without a pre-existing research project currently being
undertaken at Southampton University; these have been carried out in partnership with
Igloo Energy, a Solent-based energy company that aims ‘to make homes smarter, more
efficient and cost less’ [Igloo Energy (2021)]. LATENT, the study being discussed, is a
multi-year study that has produced significant home energy surveys of data for university
research studies. The research undertaken during this thesis took relevant aspects of the
LATENT datasets and explored them in depth.

LATENT (ERGO 62684) continues to run until October 2025. This is the study that
will be utilised for Study 1. LATENT aims to analyse the thermal preference and ac-
ceptance of automated, direct (3rd party) control of residential heating systems in the
home [University of Southampton (2021)]. An initial survey has been sent to all Igloo
customers, with more interventions to follow in the future. This initial survey was sent in
January 2021, allowing time for additional questions relevant to this research to be added,
and thus, data could be gathered on any existing inter-generational influences within the

home. Participant numbers are approximately n=>5000.
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Me + My Home (M+MH) was a survey filled out by customers when they first signed
up for Igloo Energy. The survey was used to tailor an individual tariff to the customer,
allowing for the most efficient and cost-effective strategy. Customers had the opportunity
to describe in great detail how they used their appliances and home, for example, stating

what type of oven they had and how often (on average) they used it.

Figure 11 summarises the data that is used within Study 1. The vast majority of data will
be secondary data from the LATENT Study’s main survey. Several questions were added
to this survey to provide results aimed at answering key questions within this research.

Further parts are discussed below.

Summary of data collection within Study 1 - LATENT ]

All research collected with Igloo Energy and their customer base ]

[ Secondary Data ] [ Primary Data ]

N\ 7 Y 4 \
ME + MY SENSE Study LATENT Study 4 Questn;ns zte:.ded
HOME 2018 - 2020 2020 - 2025 regarding this
research
J J \_ J/
Survey ( ) 4 N\
completed Survey completed by Larger scale continuation of the SENSE study.
by all Igloo 660 Igloo customers Circa 50 question survey completed by 5000 Igloo customers
customers  J) | y L y

Figure 11: Graphic demonstrating the data accessed using the Igloo Energy
customer base

Estimating Participant Numbers

When this research commenced, LATENT had yet to be started, but access to the existing
SENSE and M+MH databases was granted. SENSE (ERGO 47164) was the preceding
joint study between Igloo Energy and Southampton before LATENT (ERGO 62684). Tt
uses the same participant base, and a very similar survey was completed. An initial
scoping analysis was carried out on the SENSE data to ascertain the general distributions
expected to be seen in the future LATENT survey. It is important to note that SENSE
response rates were around 10%, with just over 6000 surveys being sent out and 660

responding. Subsetting the data through various groupings shows the following:
o All participants, n=660

o Adults with Children, n=116 (17.6%)
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o Adults with Children in Education (4-18), n=46 (7%)

3.5.2 Study 1 Methodology

Figure 12 shows the overall process of Study 1. It is important to note that the LATENT
study is only phase 1 - it is not attempting to alter or improve energy behaviour in the
home, simply measuring the current status of intergenerational influence on energy be-
haviours and decisions in the home. As it can work in tandem with Study 2, which does
not include Phase 1, no comparative analysis can take place between the two studies.
However, with studies 1 and 2 combined, comparative analysis will be able to occur with
studies 3 and 4.
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Study 1 Phase 1 Methodology — Parental Energy Behaviour Baseline

The LATENT survey allowed access to a large participant group. Joining with an ex-
isting study does mean, however, that this research was not the main route of enquiry.
There was a limited number of additions that could be made to the survey for the specific
research proposed here. Similarly, when it came to overarching design and decisions, this
research was not the main focus of the LATENT survey. The full LATENT Survey can
be found in the appendices; the following sections will focus only on the questions added

for this research.

Fortunately, the survey gathered a large amount of information, which included data on
the occupant number of children and their ages. This was however as far as the questions
explored about inter-generational influences. Study 1 intended to add several questions
following the existing survey to ascertain the interaction/influence between the genera-
tions. In addition to this, the survey also asked ’if there is an elderly (754) person in the
household’. As this already existed, the opportunity to ask similar questions regarding
the interaction/influence between this second generation and the main occupants was also
taken. This older generation is currently not a major part of the research, but could be

added in future.

The survey was completed online and thus had the positives associated with it that were
discussed in Chapter 3. Additionally, the ability for questions to open or close routes to
other questions depending on the initial answer was applied. Therefore, only ‘families’ had
to answer questions added about inter-generational interaction. To this end, this research
used questions already proposed within LATENT as a starting point. Even with this in
mind, it was important to keep questions as short and simple as possible; the final sur-

vey went through several iterations as it was progressively streamlined to shorter versions.

Building on the aims and objectives, some key questions were formulated that should

form the basis of the final survey, including:

« What is the current level of Energy Literacy of the main occupant(s)?

o What is the current level of Energy Literacy of other generations within the home?
o What currently influences the energy decisions within the home?

o Do other generations influence (or request) heating changes in the home?

» Do discussions happen between generations about energy/environment?

o Would adults allow other generations to influence their behaviour?
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o What do occupants currently do when they are thermally uncomfortable?

o Would they like to change their behaviour? What are the incentives?

LATENT was not intended to be used for an analysis of intergenerational influences in
the home. Initially, there were no questions about this route of inquiry. Family size was
only ascertained to further understand the energy requirements of differing family types
and sizes. The questions discussed below, which were added for this research, provide a
distinction from LATENT in that they directly ask the working-age occupants about their
opinions on any energy influences in the home from other generations. The participants
were unaware of any of these questions and would not have prepared any answers or
recorded any intergenerational influences before completing the survey. The addition of
these questions created a baseline of current intergenerational energy influences in the
home in an effective way - an utcome that would not have been achieved without these
additional questions.

After several discussions with other researchers within the LATENT Project, as well as
Directors from Igloo Energy, the questions evolved to the final version, see below. Some
of the initially proposed questions were absorbed into other parts of the existing survey,
some were removed as they were repetitions of existing questions, and some needed to be
refined so they could gather more information. As aforementioned, the following ‘Part
A Questions’ will only have been seen if the participants have stated previously in the
survey that i) they have dependant(s) living with them and ii) those dependant(s) are
below the age of 18. If they specify at the second stage that the dependant(s) are over 75,
then they will be directed to the Part B Questions. If the participants have both younger
and older generations in the home, they will have to answer both sets of questions, and if
the participants have stated no to either of these, they will simply be taken to the next
set of questions within the survey. The style of the questions (Likert Scales) was chosen

to maintain a cohesive study, as the vast majority of questions were already in this style.

Part A Question 1
Do you have discussions with your child about energy issues and the environment?

Almost every day / Frequently / Occasionally / Infrequently / Almost never
Part A Question 2
Who starts the conversations about energy issues and the environment?

Adults / Child or Children / Equal likelihood between the two

Part A Question 3

Do you think your children influence your energy usage decision making in the home?
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Almost every day / Frequently / Occasionally / Infrequently / Almost never

Part A Question 4
Does your child /Do your children ask you to turn the heating up or down?
Turn the heating up / Turn the heating down / Both up and down / Never

Part B Question 1
Do your elderly relative(s) ask to turn the heating up or down?
Turn the heating up / Turn the heating down / Both up and down / Never

Part B Question 2
Do you think your elderly relative influences the heating strategy of your home?

Almost every day / Frequently / Occasionally / Infrequently / Almost never

Part B Question 3
If possible, please could you briefly explain the reason that your elderly relative/relatives
influence your household heating strategy?

Space provided for written answer

Any question that was regarding duration or occurrence uses the same 5 answers on the
same scale; thus, this should allow ease of completion for the participants and mitigate

any confusion that may arise.

Collected data
The survey collected simple scale answers for the most part (only Part B Question 3 was
an open-written answer), these could easily be manipulated into numerical quantitative

data ready for analysis. R-Code was used to clean and collate the answers into a numeric-
based CSV file for data analysis.

Analysis of collected data

Initially, the data was collated, made digital and cleaned of any missing data and errors.
Basic descriptive analysis then took place, looking for patterns and distributions. Ex-
ploratory data analysis then took place, looking for correlations and using some simple

visualisation techniques to show these.

Information on data gathered. Quantitative (Numerical Values from the survey) and
a single written answer. Quantitative data was electronically gathered as per the LA-
TENT Procedures and kept on secure University OneDrive Cloud Servers. Data was split
between three documents: LATENT, M+MH and EPC Data files. These were kept sep-
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arately as each independently holds information that, together, can be used to identify
participants. Data had important DPA aspects removed before access was granted as
another layer of security. Full details can be found at ERGO 62684.
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3.6 Study 2 - ’Energy In The Home’ School Study
3.6.1 Study 2 Background

This study aimed to develop and test an ‘in-person, classroom’ based intervention intended
to promote energy interactions between generations in the home. It has been shown from
Study 1 that around 40% of homes with family occupants have environmental discussions
between adults and children at least 'frequently’. This study will be considered a success
if the same number is reached when the exit survey is completed by the parents at the
end of the study. In February 2021, A request for participation was sent to Woodcot Pri-
mary School in Gosport. The head teacher agreed to allow any research or interventions

proposed for this study to take place within the school.

The school was relatively small, with one class of around 30 children for each school year
(Reception to Year 6), totalling approximately 200 students. The Indices of Deprivation
showed the neighbourhood (Gosport 001A) to be in the bottom 40% (ranked 12,217th out
of 32,844) of most deprived areas in England [Gov UK (2019)]. Shockingly, in terms of
education, the location ranks 2,306th and thus is in the bottom 10% of the country when
it comes to ’education, skills and training’ [Gov UK (2019)]. This is a stark contrast to
the Part 1 LATENT participants.

At the time the school was approached, the UK was in full Lockdown with only children
of key workers attending each day in person. All other children were remaining at home
and were taught online. This would have put constraints on how any participants could
engage with the study, as well as how resources could be delivered to said participants.

This would be especially difficult if a class was split between online and in-person.

During the lockdown, Woodcot Primary School used Google Classroom, which is an on-
line platform that consists of many features. These include, but are not limited to,
having lessons be held live, watching recorded sessions, interactions between teachers and
students, uploading homework and accessibility to downloadable work. Any lessons, re-
sources or take-home activities produced for the intervention would have to meet the

requirements of this platform.

All content was prepared to work for both online and in-person lessons; however, fortu-
nately, normal school days had resumed by the time the intervention took place. Unfortu-
nately, the ideal winter period had also passed. This would have allowed more emphasis
on heating use in the home. The Eco Day was carried out in May, which may have seen
some heating use still continuing, but far less than during the winter months. Although

the most significant energy consumer in the home, heating, was not the only aspect of
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energy that this study looked at, the study continued at this time.

Before any intervention could take place, an ethics application had to be completed and
registered with the university ERGO II scheme (ERGO 63806.A1). This included creating
a Participant Information Sheet, a Data Management Plan, a Risk Assessment and a Data
Protection Plan, among others. The application stated that this was to be a longitudinal
study, lasting the entire duration of this PhD research. This was agreed with the head
teacher before the ethics application and will allow the future study of the children as

they progress through the school.

The study was split into three distinct phases in line with the methodology laid out in
Chapter 3: In-class teaching for the children, a take-home activity for the children, and
lastly, a feedback survey for the parents. Together, these three aspects, along with the
phase 1 results from Method 1, should answer the proposed aims of the study, exploring

and testing inter-generational interaction on energy in the home.

All lessons were carried out by members of staff at the school, and all results, observa-
tions and encouragement to complete the work were down to the individual teachers. The
original intention was to be present within the school, but due to COVID-19 restrictions

that were still in place, this was not allowed.

3.6.2 Study 2 Methodology

The graphic on the following page shows the overall process of Study 2. It is again im-
portant to note that Study 1 (LATENT) did not include Phases 2-4. Therefore, it works

in tandem with this study, which does not include Phase 1.

It can be seen in the figure below, specifically the arrows at the bottom of the graphic,
that the main pieces of data for this study are the pre-intervention and post-intervention
surveys. The comparison between these two sets of data will be able to show if the school
and home interventions have been successful in promoting inter-generational interactions

and potentially any energy behavioural change in the adults.
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Study 2 Phase 2 Methodology — Improving Energy Literacy Levels of Children

e 4x 1-hour lessons were created with the input of the teaching staff at Woodcot

Primary School, Gosport, for an Eco Day in May 2021.

e In order, these lessons were about the following:
— An Introduction to Sustainability and Climate Change (geography)
— Power and Energy (science)
— Carbon Footprints and Food (maths)

— Energy in the Home (design + technology)

o The input of staff from the outset has meant lessons do not deviate from the national
curriculum, but also include the new knowledge that the study will be investigating.
It has also meant that presentations and activities during these lessons have been

appropriately targeted to the correct ages and abilities of the children.

— There are several iterations of the presentations and resources, depending on

the age
* Reception up to Year 2
* Year 3 + 4
* Years b + 6

o Within the last lesson, the children were given a worksheet allowing them to draw
their own home in a board game style. This was then the main sheet to work from

for the second part of the study.

The below figures (14, 15, 16, 17)show some of the content created. A full day of lesson
plans with learning objectives, links to the curriculum and notes for the teachers were
provided to the school. These also differentiated between Key Stages for each class and
year group. Following the PowerPoint below, several other figures are shown providing
examples of the activities in the lessons. These were sourced from several established
teacher resource websites such as Twinkl and then amended, or created bespoke for this

intervention.
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Southampton

Souchampton

What does ‘Climate Change’
mean to you?

Looking After Our
Planet

Weather and Climate Southampton
O EA O Eoa) @

Sy otanaland

S @Y N © S B

Weather and C}imate The Earth’s Climate

r" Temperature past 420,000 years
2 - = Intergiacials =
) | ’
B, - f
3 L \ .'\,ﬂ ‘\\ [
1

Figure 14: Example of a presentation. In this case, years 1-4 Introduction.
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Use the table and graph below to record your results.

Time Temperature - Temperature - Glass jar
No jar

Ti nutes)

Figure 15: Worksheet for the greenhouse effect experiment that all children
undertook
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Session 3 — Our Carbon Footprint

Customer driving to and from the

Milling the flour.

Baking the loaf of bread.

shop.

Packing the loaf of bread into its
plastic packaging.

Transporting the wheat to the
mill.

&

Mixing the ingredients together
by machine.

Transporting the flour to the
bread factory.

Harvesting the wheat.

Transporting the loaf of bread to
the supermarket.

Spraying the wheat with
pesticides.

Figure 16: Embodied carbon exercise - energy in a loaf of bread
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Renewable Energy Answers

Can you find... /
1 i € I BR—T1TT1tT¢E £ BT8Rt
+ t Bb+—AT+++8B8+AT+RTRT+HATEETE| T|U|P|K
S| D] F AT N Tt M TNTOTR 3 V—TN—TF
TIQ|R|IX|C|[M|L]|K I PIlU|R|DJ|S%$|R F
wilH]|J K|E|[R|[X]|V HIU]|I 5 L L] 3
R|A|E Rlu|B|C Z{M[N|[U]|[P]I G| U
B | K | VT RTETN W—A—TBTtT1¢t B | & V | W

D| A E I Kl1L|IV|R|Y|U|O®]|C Al Z
NV IW]| ] K{N|JL|IP|V|IE|J]R|X|R]|]C|B
f E|R G|E|[O|T]|Y F|1|S|C|B|A]|H]|J
$ | A C|F|G]|U/[I J F|IV | Z )| D]l R | T
R S|W| E|R | +1t+ATM1+R+—E1THT—TFTPT++1+6
BI(N|M|L PIC | X]|A|S E RIY[V]S$ J K

Questions
biofyels 1. How does geothermal produce energy?
environmental Hot rocks near the surface heats up water
geothermal . State one advantage and one disadvantage of wind turbines.
——— Advantages: no pollution; no fuel costs; renewable.
e Disadvantages: can be an eyesore; noisy; dependent on
renewable weather conditions.
solar cells . New cars can often be hybrids. What does this mean?
) They can run on both electricity and petrol.
tidal barrage
_ 4. Fossil fuels are going to run out in the future. Why do we still
turbines :
rely on them so heavily?
wave There is currently not enough investment in renewable fuels to
produce enough energy for the country.

Figure 17: Renewable Energy Wordsearch activity - completed by the

younger children
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Study 2 Phase 3 Methodology — Opportunity for Inter-Generational Interac-
tion

Take Home Activity:-

o Having completed a simple 2D cross-section of their own home in school and cut out
the rest of the game’s parts (tokens, dice nets, etc..), this will create the basis of the
‘Energy Detective Boardgame’ that was then completed at home. A simple board
game (Snakes and Ladders) was chosen because of its simplicity and familiarity.
The sheet allowed for two play-throughs, and the children had access to fresh sheets
on Google Classroom if they wanted to play more times than this. The children
investigated different areas of the home, looking into aspects of energy and trying

to mitigate any unnecessary energy wastage.

e The children added their findings to a table provided with the game that was re-
turned to the teacher after a week. This was the main output from this phase of
the study.

o The game encouraged interaction with the home and adults within it, discussing

common themes such as plastics, recycling, heating and travel.

o The results also provided a ‘snapshot’ into an evening in a family home, similar
(although less detailed) to that of the LATENT Study.

e The four worksheets can be seen in the figures below.
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Draw your home in the gap below!

Name:

Class:

Use the game board below to play Energy Detective!

60 | 59 | 58 | 57 | 56 | 55 | 54 | 53 | 52 | 51 Other
Bedrooms

41 | a2 44 | 45 | 46 | 47 | 48 | 49 | 50 vour
Bedroom

40 | 39 | 38 | 37 | 36 | 35 | 34 | 33 | 32 | 31 | Bathroom

21 | 22| 23| 24 | 25 | 26 | 27 | 28 | 29 | 30 [piningRoom

20| 19 |98 | 17 | 16 | 15 | 14 | 13 | 12 | 11 | «itchen

il 2 3 4 5 6 7 8 9 10 | Living Room

Figure 18: Study 2 Phase 3 intervention - main A3 game sheet. The left side

is for the children to draw a cross-section of their home
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Name: Energy Detective Scoring Sheet
Class:

Game 1 Game 2

Room Card Score Room Card Score

Ay \

stamps stamps

Return this finished sheet to your teacher to get a stamp!
The more you play, the more stamps you get!
Print this sheet again to play even more!

Figure 19: Study 2 Phase 3 intervention - scoring sheet
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Figure 20: Study 2 Phase 3 intervention - Dice net
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Energy Detective Tasks

1. How many draughts can you| 11. How many electric items

21. Does this room feel warm?
feel? are there?

2. How many lights can you 12. How many lights are in 22. Turn off half the lights in
turn off? here? here

3. How many plugs are in
here?

23. Turn off any plug not being

13. How mnay plugs are on? .
¥ plug used right now

4. How many electric items are| 14. How many electric items | 24. Turn off anything electric
in here? are turned on? not being used

5. How many windows are 15. How many windows are
¥ v 25. Close the window if it open

open? open?
6. How many people are 16. How many people in here | 26. How many people in here
wearing jumpers? are cold? are hot?
7. How many cars do you 17. How many meals 27. How many fruit and veg
have? contained meat today? have you eaten today?

8. How many things are inthe | 18. Is there a recycling binin | 28. How many things in the

bin? here? bin should be recycled?
9. How many radiators are in | 19. How many clothes are on 29. What number is the
here? the radiator? radiator set to?

10. What's the temperture on | 20. How many radiators are | 30. How many radiators are
the thermostat? cold? warm?

Rules to the game: -
Start Investigating! As you play through the game, add any items to your House Drawing that you have
missed so that it is even more realistic!

Firstly, you will need to cut out the boxes above and shuffle them. Then lay them face down beside your main
sheet. You'll also need a token to represent you and a dice to play game! It is just like snake and ladders! Roll
a dice and make your way up the numbers!

Starting at 1, roll the dice and see where you end up! Remember to follow the arrows up or down!! You will
see as you go, each row of numbers is a different room in your house. When you land on a number, pick a
card and do what it says in the room stated! Write down the room, the card number and the score in the
Results Sheet. You win when you get to the end or when you have filled every result square! There is space
for two games, so you can play with a friend!

If you want to play again, then just print the scoring sheet again!

Figure 21: Study 2 Phase 3 intervention - Question and rules sheet
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9:01 all 4G 0 )

Instructions Student work

Due Sunday, 9:00 pm
Climate Change- Energy

Detective game
100 points

This weekend, your family can play the Energy
Detective game together.

The game helps you find out about your carbon
footprint- how much energy do you use in your
home?

Play the game around your house, fill in the score
sheet and bring it back to school with your
consent letter for a raffle ticket and a chance for
an extra marble treat!

A very short survey monkey for parents will follow.

Please let me know if you need any help.

Attachments

ﬁ Lesson 04 resource - GAME - A3 Sheet A3....
Students can view file

E https://drive.google.com/open?id=1kabzu$...
Students can view file

m Lesson 04 resource - GAME - Task Sheet A...
Students can view file

W Consent Lgum e Caontact lafgrmation - Ene...

Figure 22: Example of take-home activity available on Google Classroom on
I0S - Accessible by parents on any device
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Study 2 Phase 4 Methodology — Reassessing Opportunity for Inter-Generational
Interaction

Collecting parental feedback was completed using a survey.

o This was automatically sent to the parents/carers/guardians of the children after
completion of the board game. This was done using the online ISurvey survey
system provided by the university. The school had a system in place containing
parental contact details and regularly used such surveys to gather feedback. The
survey link was passed on to the teaching staff for them to send out, thus stopping

protected data from changing hands and leaving school systems.

o The survey was divided into 5 parts; exact details can be seen in ethics application
ERGO Number 63806.A1. It is made of simple yes/no questions and should take

less than 5 minutes to complete by an adult.

e The parental view of the work and any of their thoughts were considered vital
to the success of the study. Their input provided information on the frequency
of interactions that have taken place and potential behaviours that are easy to
change and even maintain in the future. Any aspects such as these could be more

emphasised in future studies of teaching content.

The choice was made to move away from the substantial size of the survey in the LA-
TENT study to a far smaller, more concise and simple yes-no style survey for the parents
to complete. This was done for several reasons, which are described in the paragraph

below:

Firstly, they ’substantially reduce respondent cognitive burden and speed up completion’.
Several empirical studies show that dichotomous items take less time and are easier for re-
spondents to process than multi-point scales or open text, which improves completion and
reduces fatigue for long questionnaires [Rivera-Garrido et al. (2022), Dolnicar et al. (2011)].
Secondly, they simplify coding, analysis and reporting. Dichotomous data are trivial to
code, summarise, and model, reducing effort and risk of miscoding [DeCastellarnau (2018),
West et al. (2023)]. Knowing the background of the participant population, speed and

ease of completion will likely be a necessity to maintain respondent rates.

Study 2 Survey Questions

Consent

« Do you agree to take part in this feedback survey? By confirming and continuing,
you are agreeing to allow this data to be used as research at the University of

Southampton.
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Content
o Has your child talked about what they learnt during the lessons?

o Have they mentioned the phrase Climate Change to you?

Have they talked to you about their Carbon Footprint?

Have they spoken to you about how they think they can help?
Engagement

o Did your child play the energy detective board game?

e Did they seem to enjoy playing it?

e Did you play the game with them?

o Did you help them complete the tasks?

e Did your child ask you questions about your home + energy behaviour?

Behavioural Aspect

« Have they asked you if things in the house can be done differently? Heating, driving..
« Have they asked you if they/you can eat different foods?
o Have they asked you to lower or change the heating?
Parents
o Have you learnt anything new from your child about the environment?
o Have you changed how you use your heating because of their comments?
e Do you think you will continue this or any other changes?

o Would you like to know more about the environment?

Collected data

The take-home activity collected basic quantitative data on aspects such as the number
of items in the home (e.g. light fittings) and then how many are turned off to save energy.
The activity contained numerous categories of items and systems within a typical house
to explore. The feedback survey was completed by the parent/carer/guardian of the child
after the take-home activity had finished. It was a simple 5-part survey with 16 yes/no
questions to be answered. The parts were consent, content, engagement, behaviour, and

summary of final thoughts.
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Analysis of collected data

Initially, the data for both the take-home activity and the feedback survey was collated,
made digital and cleaned of any missing data and errors. Basic descriptive analysis, look-
ing for patterns and distributions of interactions between generations, was undertaken.
Exploratory data analysis will then take place after this, looking for relationships between
variables and using visualisation techniques to show these. Teachers were also able to ver-

bally provide feedback gathered in the classroom post lessons and activities.

Pilot Study A small pilot study was carried out on several children before the roll-out
of the entire intervention. This was used to gauge whether children of different ages could
achieve the proposed goals in the different presentations and games. This pilot study
led to the take-home activity game being made simpler on two occasions before it was
released. The game has to be easy to play for a 6-year-old, but still maintain the interest

of an 11-year-old.
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3.7 Study 3 - Kids4Climate Online Study
3.7.1 Study 3 Background

This study aimed to develop and test an ‘online, web-based intervention’ to promote en-
ergy interactions between generations in the home. It has been shown from Study 2 that
an ’'in-school’ based intervention with a physical home activity did create positive results
in promoting interactions in the home, but it also had its limitations. This study takes
the content of the school lessons. It makes them available to the same participant pool
used for the LATENT study, thus increasing potential numbers from 100 children in the

school to several thousand families with primary-age children.

Study 2 allowed the children to play the home activity twice before they had to print
off more sheets. It was also reported back to the teacher that the scoring system was
complicated, thus for this study the game aimed to be more engaging to allow repeated
play through (potentially promoting interaction on more than one instance), whilst also
being simple enough that children can see scores and progression, potentially adding a

competitive aspect.

This study, by using the post-Igloo customer base, had the potential to gather utility
readings such as gas and electricity. This added another layer to the study that provided

quantitative data. How this is completed is discussed further in the following sections.

Estimating the size of the participant group was based on how many were required to
give the study statistical power. Also setting aside budget as the intervention is essen-
tially budget-free once the website is created, the only other crucial aspect to ensure is
good study design practice [Anderson et al. (2020)]. The ideal study participant number
would be n=400, this number should be would deliver an adequate confidence level and
a small margin of error. This was calculated using the Qualtrics Sample Size Calculator
[Qualtrics (2024)]. Although the LATENT participant pool respondents were very high
for the LATENT study, (20%), it is unlikely that the same number would take part in
this study. This is especially true as after filtering suitable participants, only around 750
were considered for the study. To this end, it is hoped that a number greater than 50

participant families will take part in the study (7%) This is discussed further below.

3.7.2 Study 3 Methodology

The graphic on the following page shows the overall process of Study 3. For important

analysis, please note the comparison outputs labelled at the bottom of the page.
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As per the overarching methodology, the study was split into four distinct phases: (1)
an initial survey for parents, (2 and 3) website activities for the children (taking place
continually through the winter), and on completion; (4) a second parental survey. To-
gether, these four phases should answer the aim of this study to test different methods of

initiating intergenerational interactions on energy in the home.

All participants were taken from the same initial pool that LATENT used, from Igloo
Energy. Although the company has ceased trading, a significant amount of its customers
had chosen to remain in contact with the university. After filtering the initial pool of
people to show only those that met the below conditions, there were 750 families that

met all the criteria.

o Confirmed interest in future studies

Not included within other ongoing heat pump studies (LATENT)
« House uses a gas boiler

« Have child(ren) within the age range required

Creation of the website

The Kids4climate Study took place within the home only, rather than as a home activity
after an intervention in school. This was the progression taken as it would allow the re-
search to reach a broader audience; the Igloo customer base (and potentially even larger
pools of people in the future). The school guaranteed participation but limited it to the
immediate local area. Moving the same information taught in the lessons to an online
platform took a considerable amount of time in planning how to deliver this information

to various ages in a concise, simple and importantly fun way:.

The theme of the Home Detective game was carried forward from Study 2 - the house
section that the children originally drew themselves as part of the in-school lessons was
replaced with an interactive version, within which the children could go to different rooms
or areas to learn different aspects of sustainability (through a video) and then record some
readings from that room in real life. The Snakes and Ladders style game-play has been
removed, with the children simply clicking on the area they would like to investigate.
Many of the original investigations remained, such as logging the thermostat temperature

or counting open windows.
The website is available at the following domains (to mitigate any incorrect attempts to

visit). Entering the username ’Admin’ and password ’Admin’ should allow access to the

website.
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www.kids4climate.co.uk
www.kids4climate.net

www.kids4climate.com

Stages of the study:

o Email requests to join were sent to the 750 potential participants from the LATENT

customer base.

o Those who confirmed participation received login details and the parents completed
the short Initial Survey - this included recording of 2 gas meter readings and the
dates collected of these.

» The participating children (and parents) could complete the Kids4climate website

in their own time as often as they see fit during the intervention period.

o At the end of the study, the parents completed the Final Survey and recorded a
third gas meter reading and took note of the date. The entire study was reviewed

by the university ethics committee (and granted approval - ERGO 69173)

Phase 1 Methodology — Parental Energy Behaviour Baseline
This collected several key pieces of data; how the family use their home currently, energy
behaviour and interactions (about climate change) between the generations, but also

initial gas meter readings that formed the base level:

» Gas reading from 29/09/22 — The day Igloo Energy ceased trading. This was sent
to all participants by Igloo in their final bills.

o Gas reading from the day the survey was complete (circa mid-Feb 2023). The exact

date the meter reading was taken was also recorded.

These two readings created a baseline average consumption for the households taking
part in the study. Data showed overall consumption in the 5 months leading to the date
the study started when the second reading was taken. By correcting these numbers us-
ing localised Heating Degree Day data, a baseline value was created for each participant
family - gas consumed per HDD (kWh/HDD). This baseline was then recalculated using
the gas reading taken after the study intervention to ascertain any difference in energy

consumption.

Although initially a worrying prospect for this research, the closure of Igloo Energy meant
that all users were regularly checking their meters and logging their recordings, thus data
that is normally inconvenient for participants to gather was already collected. Adding

to this is a concern for the lack of uptake for survey-style investigations. Having several
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historic meter readings allowed the participant group to be fully utilised instead of split
in half between the Intervention and Control groups as would be the traditional method.
The control group could be seen as the 5 months of energy consumption before the inter-
vention period. Then the 3 months of study was the intervention group, but both utilised

the same participants, maintaining numbers.

The Initial Survey Questions were divided into three sections and are very similar to
the additional LATENT questions produced for this research in year one. Bar the final
feedback question, all of these questions were answerable using a 3 or 5-point scale from

positive to negative (yes to no, often to not often etc..):

e Adult Opinions
— How concerned are you about climate change?

— Do you consider environmental impacts when you make decisions in your daily
life?

Do you think about the environmental impacts when using your heating?

— Do you think about the financial cost impacts when using your heating?

e About the Children

Do you think your children are concerned about climate change?

Do you have discussions with your child(ren) about climate change?

Who starts the conversation about climate change / the environment?

— Do you think your child(ren) influences your energy usage decisions in the

home?

— Does your child ever ask you to turn the heating up or down?

e Feedback

— Please comment with any issues or concerns about the survey
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Study 3 Phase 2 Methodology — Improving Energy Literacy Levels of Children
Study 3 Phase 3 Methodology — Opportunity for Inter-Generational Interac-

tion

Phases 2 and 3 were combined within this study to the single website Kids4Climate.co.uk.
The following chapter discusses the methodology for both teaching children and creating

the opportunity for inter-generational interaction.

The link directly to the website was sent along with login details to each participating
family. Login details were both a username and password that can be saved using cookies,
this allowed quick access repeatedly whilst maintaining security and safeguarding precau-
tions. The usernames were all endangered animals in the hopes it may encourage more
interaction, whilst the passwords were randomly generated nouns accompanied by num-
bers and special characters, they needed to be usable by the age range of the children
whilst maintaining security. These were sent directly in an email to the parents/carers.
Participants were never told who else was taking part and there was no way for one partic-
ipant to contact another. The leaderboard showed only the username of other participants
(and their scores), no personal details were shared anywhere on the site, or between users.
Once logged on to the website, the children were initially directed to a cross-section of
a cartoon house, this page was called Home Detective; in each room, there was a lesson
about energy/climate change to do with that room’s activities, for example, food (produc-
tion and waste) in the kitchen or device/electricity use in the lounge. Figures 24 and 25

show screenshots taken from the website.
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| Kesacimote

Home Detective

Heme » Home Detective
Welcome to Home Detective!

Click a hand to activate Home Detective! 5

I'm here to help you, detective!

. G Looks like the following rooms can be investigated right now:
b, Bathroom
Bedroom

b .
Dining Room
Driveway
Garden
Boiler Room
Kitchen
Lounge

Figure 24: Study 3 Kids4climate.co.uk Home Page

Kitchen

é Your Kitchen

Start Investigation! View on Youtube

Figure 25: Study 3 Kids4climate.co.uk Kitchen Video

The content of these videos was extracted from in-class lessons produced for Study 2.
Based on the feedback from children, parents and teachers, certain aspects were removed,
kept or added. Where some activities were not possible online, they were also omitted.

The videos were short and maintained a fun humorous style throughout. They can be
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viewed using the below link:
https://youtube.com/playlist ?list=PLwO0L84proYyBeZ0wsu32pqVYjCrnEbA3a

The production of these videos took a considerable amount of time. The stop motion
style was chosen as it allowed the production to be completed in time for the study to
take place and still appealed to children in the primary age range. The videos were all
produced and edited at home with minimal equipment. If the website were to become

successful, it would be sensible to outsource this type of work to a professional company.

The website then asked the children to take measurements of specific aspects of energy
in that room and around the house. For example, when looking at heating, the thermo-
stat temperature is recorded and the number of radiators in use is noted, or when in the
kitchen, plastic items in the fridge are counted. Some of the more complicated questions,
or those that required word answers had a drop-down option added so the children could
easily choose and spelling errors were mitigated. Figure 26 shows the input page for the
kitchen.

Home Detective: Heating!

Home > Home Detective » Heating
Home Detectives! Make a note of your Heating activities and submit your evidence below!

What temperature is your heating set to right now?*

Temperature-wise, how are you feeling right now?’

Select an Option..

Remember: 18°C is all you need!

If you're warm - can you turn the heating down 1 degree? (Ask your parents!)*

I'm Not Feeling Warm...

‘ I'm Not Feeling Cold... ‘

Wrap up warmer instead of turning the heating up!

Figure 26: Study 3 Kids4climate website Screenshot - Kitchen Data
Recording page of the Home Detective Activity
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The exact data collected can be seen listed below; there are 8 different sections (rooms/areas
of the home). Each section has a different set of queries that need to be filled in; the
boiler has a separate section to emphasise its importance. The frequency at which these
can be recorded changed depending on the area; for example, the kitchen could only be
ticked off weekly (weekly shop), whereas the heating section could be repeated every 12

hours (morning and evening).

e The drive:
— How many times have you walked somewhere today?
— Have you used public transport today instead of your car?

— Have you ridden your bike today instead of using your car?

o The Garden:
— How many plants trees are in your garden?

— How many animals and bugs can you find in your garden?

o The Kitchen:
— How many plastic items are in your fridge?
— How many meat items are in your fridge?

— How many dairy items are in your fridge?

The dining room:
— How many lights are on in the whole house?
— How many of these can you turn off right now?
— How many radiators are there in your whole house?

— How many radiators are turned on right now, in your whole house?

o The lounge:
— How many electronic devices are on standby in your house?

— How many wall sockets can you turn off right now around your house (remem-

ber only for devices that aren’t being used!)?
— How many windows are open (or draughts can you feel) in your house?
— How many of these windows can you close right now?
o Heating:

— What temperature is your heating set to right now?
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— Temperature-wise, how are you feeling right now?

— If you are warm, can you turn the heating down 1 degree? Maybe ask your

parents!

— If you are cold, are you wearing a jumper?

e Bedroom:
— How many electric devices and electric toys do you have in here?
— How many of these are on right now?

— How many can you turn off?

« Bathroom:

— Did you have a bath or shower today?

If it was a shower, how long was it?
— Did you open a window, or use the extractor fan to let the steam out?

— Did you use the small flush today?

The children continued recording over the period of the study, from early March 2022 until
mid-April 2022 (or as long as they wanted within this study period), receiving feedback
from the website if they were doing well, or if they could change some things to improve
their energy behaviour to save more carbon. As the participant children recorded read-
ings, they earned ’carbon points’. Within the website, these were recorded on a shared
leaderboard between all users, along with their ranking and any medals they have earned.
Leaderboards and rewards can increase short-term engagement, participation and effort by
providing clear performance feedback and satisfying competence and achievement needs
[Khoshnoodifar et al. (2023)]. The leaderboard, the number of points awarded for differ-
ent rooms and tasks, has all been designed around creating a competitive and rewarding
leaderboard has the end effect is context and design-dependent’ - a leaderboard scope,
direction (who you compare to), anonymity, and reward type strongly shape whether the

element helps or hurts motivation [Park and Kim (2021)].
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Leaderboard

Your Rank: Expert

Your Badges:

RRRRRARR
Leaderboard:

RANK

Figure 27: Study 3 Kids4climate website screenshot - The Leaderboard -
showing rank, badges and the leaderboard

Rewards + Incentives

To encourage take-up of participants, a reward system was put in place. Five (5) random
participants were chosen at the end of the study and received a monetary prize. This will
be a £20 Amazon voucher sent online to participants (only chosen from those who have

fully completed the study).

Collected data

The website activity consisted of basic numerical quantitative data on aspects such as the
number of items in the home (e.g. lights, and then how many are turned off to save en-
ergy). The activity contained numerous different categories of items and systems within a
typical house to explore. Full details of the ERGO Ethics application can be found using
the following identifier:- ERGO 69173.

The two surveys (initial + final feedback) were completed by the parent/carer/guardian
of the child before and after the website activity had finished (respectively). It was a

simple survey with mainly yes/no questions (quantitative).

Analysis of collected data

Initially, the data from both the surveys and website activity was collated, relocated to
the university servers (from their respective domain and Qualtrics server) and cleaned of
any missing data and errors. Descriptive analysis, looking for patterns and distributions

of behavioural change within homes, took place. Exploratory data analysis utilising R-
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Studio, looking for relationships between variables.

Pilot Study After the success of feedback from the Study 2 Pilot Study, a small pilot
study was also carried out for this study. Several children of differing ages were given
access to the website before the roll-out of the entire intervention. This was again used to
gauge whether children of different ages would engage with the various aspects online. It
was reported that some aspects required the parents’ help to record, but others were too
easy. This small requirement for parental input was exactly what the study was aiming
to achieve and not enough parental involvement to create tedium during the prolonged

activities.
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3.8 Study 4 - 'Eco Homes’ School Study
3.8.1 Study 4 Background

This study aimed to develop and test a ’larger scale school-based intervention’ intended
to promote energy interactions between generations in the home. It has been shown from
Study 2 that an ’in-school” based teaching intervention worked very well for several rea-
sons. A significant aspect of success seems to be that children are so versed in learning
within that environment that there are strict rules, schedules, and rewards that promote
learning. This is in stark contrast to Study 3, which saw children in the home not be
as successful in the learning aspect of the intervention; likely because they did not want
to take part as they saw it as taking their free time, for example. For these reasons and
others discussed in the previous studies, Study 4 returned to the classroom environment

for the teaching part of the intervention.

Initially, estimating the participant group size for this study was done in the same way
as study 3. The sample size calculator suggested again at least 385 participants must
be involved to create statistically powerful data [Qualtrics (2024)]. This would require
around 5 primary schools located in Hampshire, UK - this would then require significant
financial support to create the intervention, simply out of reach for the scale of this study.
Thus the study was proposed for two schools, totalling around 300 pupils. This would
allow almost the entirety to be utlised for lessons within the classroom and it is expected
that there would be lower rates of participation for the home activity and then the fi-
nal survey. These schools significantly varied in location, catchment area and academic
performance; Woodcot Primary School, Gosport, used in Study 2 (within the bottom
10% of the UK for "education, skills and training" [Gov UK (2019)]), and Walhampton
Preparatory School in Lymington (within the top 6% of the UK for "education, skills and
training" [Gov UK (2019)]). Such contrasting participant groups were purposely chosen
to review possible influences between such groups. For the second part of the interven-
tion, the home intervention encouragement, the children were given a physical take-home

activity that can be kept, repeated and used in other ways.

3.8.2 Study 4 Methodology

Figure 28 on the following page shows the overall process of Study 4. An additional
longitudinal aspect was added to this study to test whether changes in behaviour are
sustained. Further analysis was undertaken as other added aspects within the phases,

such as testing child energy literacy levels and introducing a control group throughout.
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Study 4 Phase 1 — Parental Energy Behaviour Baseline

An initial survey was sent to the parents/carers/guardians of the children at the start of
the study (unless the parents have opted out). This was via the Qualtrics survey system.
The schools had a system in place containing parental contact details and regularly used
such questionnaires to gather feedback. The survey link was sent out to all parents of
years 1-6 at Woodcot and 3-6 at Walhampton. More details can be found using the ethics
code ERGO 82313.

The questions within the survey were either yes/no, a drop-down of options/numbers, a
5-step positive-negative scale (very often, often, sometimes, not often, never, for example),
or finally open-ended with a text box available to write in. The initial survey questions

were as follows:

Initial Parental Survey

o FEthics:

— Consent to take part in the survey (yes/no)

« Initial Information:
— Please enter your child’s class name (Drop Down Box)

— Do you have another child at the same school (no/yes 1/yes 2/yes 3)

— REDIRECTED ONLY FOR PARTICIPANTS WITH MULTIPLE CHILDREN

Please enter second your child’s class name (Drop Down Box)

 Initial Questions:
— How concerned are you about climate change? (5 categories)

— Do you consider environmental impacts when you make decisions in your daily

life? Diet, Driving, Lights etc... (5 categories)

— Do you think about the environmental impacts when using your heating? (5

categories)

— Do you think about the financial cost impacts when using your heating? (5

categories)

o Children Questions:

— Do you think your child or children are concerned about climate change? (5

categories)

— Do you have discussions with your child or children about climate change or

the environment? (5 categories)
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— Who starts the conversations about energy issues or the environment?
(3 categories - Adult/Child/Equal)

— Do you think your child or children influence your energy usage decision-making

in the home? (5 categories)

— Does your child ever ask you to turn the heating up or down? ( 4 categories -
Up/Down/Neither/Both)

e Survey Feedback:

— Thank you for completing this survey, please comment below if you had any
issues/concerns about the survey (i.e specific questions that were difficult to
understand) (Text Entry)

Rather than having participants select the school and class within the survey, two iden-
tical surveys were created; one for each school. Participants then simply had to identify
their child’s class. They then stated whether they had any other children at the school.
This was done in this way to meet the needs of the ethics ERGO application (ERGO
82313). This stated that parents would be identifiable if information were made available
that showed how many children they had and in which classes. It would also affect the
reliability of the data if one child were part of the control group and one child were not.
Therefore the information collected here was used to determine which classes would be

intervention or control.

The requirement for utility readings was removed from this study. Not only was quan-
titative data such as this unreliable in the (quarterly shifting) current economic climate
of the UK, but feedback from participants within the Kids4Climate Study would suggest
that this data was not easily accessible, even with modern smart metering and app-based

dashboard-style widgets available.

Study 4 Phase 2 — Improving Energy Literacy Levels of Children

The school intervention was very similar to the Study 2 version. Lessons and activities
were updated to be in line with any feedback received during Study 2, and data/facts
and figures were updated to match Study 3. The most important feedback gathered from
teachers was that losing four timetable lessons to this study was too much. Therefore, only
the most important aspects were retained, and a single 1-hour lesson was produced. If
the teachers wanted to extend the single lesson to more, additional activities were offered.
Initially, a single presentation, lesson plan and accompanying activities were provided to

teachers.

The presentation consists of the following topics in order:-
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. What is Energy?

. Creating Energy + Emissions
. What does this mean?

. How do buildings use Energy
. Energy in homes

. The Eco Game 1

. Energy behaviour in the home

. The Eco Game 2
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‘What is Energy?

Energy in the
Home

What does this mean??

Creating Energy Creates Emissions

~———

Do buildings use much energy?

in the UK!

i&g

Factories  Trains Offices + shaps + schools...

3%34‘; antad L

Figure 29: Study 4 Eco Homes - School Lesson Presentation - first 6 slides

The two games were played on either side of a short presentation about energy behaviour
within the home. The aim was to improve the energy literacy levels of the children, and
the game at the start and end of the presentation tested whether this had happened. The
games vary slightly, the first is regarding items in the home and the second regarding
behaviours in the home. Both games covered the same areas of energy use, for example,
lights are looked at in the first game and then leaving lights on is looked at in the second

game.
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The energy game is a simple sticker game that requires the player to guess the order, from
lowest to highest, of energy-consuming items (or behaviours) in the home. Professional
graphic designers were consulted in the creation of the game to create a child-friendly
theme. The correct number of stickers and answer sheets were given to teachers at each
school for each child to play the game in the class. The data on energy consumption for

all aspects of the game can be found in the appendix.

Around 20% of the children from the two schools (circa 50 students) were not asked to
complete the lesson or take-home activity. These formed the control group classes. The
parents from the intervention and control groups were also asked to complete the initial

and exit surveys.

Study 4 Phase 3 — Opportunity for Inter-Generational Interaction

The children within the intervention group classes were given a second game pack to take
home. This included the sticker sheet, an empty answer sheet, an instructions sheet and
a correct answer sheet (sealed shut) - all of these can be seen below. The teachers told
the children to go home and challenge their parents to the game. This game was changed
from the previous two methods’ games in that it is no longer an investigative style game
aimed at allowing children to explore their home but rather aimed at testing parent’s
energy literacy in the hope that the act of playing the game together would encourage

the child and parent to discuss the items and behaviours in front of them.
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Hello!

Thank you for taking part in this study!

Please play the ‘Eco Homes Sticker Game’ with your child!

The first row is made up of
items in your home.

@ The second row is made
® up of behaviours in your
(N

home.

How much energy do they use each day?

o Peel off the stickers in the first row and place them on the answer
sheet in the order you think they should go.

e Left to right — least energy consuming, to most energy consuming!

e Discuss with your child the reasons why you chose your order.

e Think about what it takes to make, use or power the item.

e Now do the second row!

Once you're finished, please scan the QR code below to complete the

2-minute survey.

https://tinyurl.com/Walhampton-Sticker-Game

That's alll Thanks!

Figure 32: Study 4 Eco Homes - School Take home activity instructions
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Revealing the correct answers at the end of the game will inform the parent of their
current energy literacy levels. They may find they are not as well informed as initially
thought, potentially prompting further discussions with the child. As the final step on the
instructions, a QR code (and website address) will direct the parents to a short survey to

be completed.

The survey asked the following questions:-

o FEthics:

— Consent to take part in the survey (yes/no)

o Information:

— Please enter your child’s class name (Drop Down Box)

e Questions (Items):

— Please drag and drop the options to match your sticker answers - from best (1)
to worst (9)

— Did any Items surprise you in how HIGH they were? If so, which ones? (Tick
Box)

— Did any Items surprise you in how LOW they were? If so, which ones? (Tick
Box)

Did your child discuss energy issues related to any items whilst you played?
(Tick Box)

— If so, what was discussed? (Text Box)

» Questions (Behaviours):

— Please drag and drop the options to match your sticker answers - from best (1)
to worst (9)

— Did any Behaviours surprise you in how HIGH they were? If so, which ones?
(Tick Box)

— Did any Behaviours surprise you in how LOW they were? If so, which ones?

(Tick Box)

— Did your child discuss energy issues related to any items whilst you played?
(Tick Box)

— If so, what was discussed? (Text Box)

o Survey Feedback:
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— Thank you for completing this survey, please comment below if you had any
issues/concerns about the survey (i.e specific questions that were difficult to
understand) (Text Entry)

Initially, the survey was intended to ask users to take a photograph of the answer sheet
to streamline the experience of the survey even more, but unfortunately, due to national
university regulations on surveys, this ability on Qualtrics is banned for all UK univer-
sities. The 'drag and drop’ system to show their answers was selected as the next most

effective way <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>