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Abstract

To achieve energy efficiency targets, the behaviour of building occupants is
critical in counteracting or enhancing efficiency measures. Yet behaviour and
decisions are construed through the lens of the mental models that occupants
hold. We used a mental models methodology to extend previous research in
order to elicit occupants’ (N= 25) wider models around how they believe heat
operates in their home. The research aim was to analyse the stories of
heating, to reveal beliefs that occupants use when 'operating' their buildings.
Twenty-five participants were asked to relate how they imagined (i) how their
thermostat operated, (ii) how quickly their home heated up, (iii) where heat
goes to when the heat source is switched off, (iv) how insulation works, (v)
how heat flows around the home. We document the variety of mental models
and specific features, e.g. how a high internal temperature can stem from a
goal to feel warm fast, that when occupants use ‘technical’ vocabulary they
may be imagining a different process from ‘experts’, how people use
analogies such as wetsuits and weather patterns. We discuss the

implications for energy efficiency. The stories of building users around how



they operate their heating systems reveal assumptions that influence

behaviour and can inform future communications.
Section/Category: Energy, consumption, and behaviour
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| Introduction

1.1: Energy use and occupants

Using energy efficiently is a key element in reaching EU targets for saving 20%
of energy consumption by 2020 [1]. The behaviour of occupants and building
users is a critical element because this can enhance or counteract the benefit
of energy efficiency measures [2]. However, attempts to promote the energy
efficient use of buildings are rarely based on an understanding of how
occupants think and make decisions regarding energy use and energy
efficiency in the home [3]. Every day actions in the home are underpinned by
the “competences, skills, routines, attunements and working knowledge of the
homes that are involved in the ....management of energy flows” [4, p155].
One way to approach these practices and underlying understanding is to
explore the mental models that occupants draw on as they operate their
buildings.

Mental models can make an important contribution to improving building
literacy [5, 6] because they describe people’s beliefs about a system, its
elements and connections, which guide actions. As people strive to achieve
warmth and comfort in their homes, everyday actions contribute to energy use
(and efficiency). Occupants decide the temperature set point in the home,
whether to insulate the loft, how long to keep the heating on, for example. All
these considerations contribute to the efficiency with which energy is used in
the home and can be conceptualised as being part of socio-cognitive mental
models. Specifically, the research in this paper explores mental models in the

context of space heating. Space heating is important as it, with water heating,



accounts for approximately 80% of household energy use in domestic
buildings [57].

1.2 Mental models, storytelling and the social construction of knowledge.

Mental models have been variously described as socio-cognitive
representations of the outside world, as beliefs held by individuals or ‘folk’
theories held by people [7] as naive physics or representations that people
have of themselves and the things they interact with [8]. A mental models
research approach is concerned with understanding human knowledge about
the world [9] “through the careful examination” of the way people understand
very specific domains of knowledge [9, p 1]. The mental models methodology
involves asking participants to retell their stories or understandings,
sometimes using a scenario to prompt the discussion. These domains of
knowledge are typically complex physical and technical systems or devices. A
mental model approach has been applied to the understanding of climate
change [14] radon in homes [15], how liquids flow [16] and the understanding
of the day/night cycle [18, see Boase et al. (in press) for an overview]. A
particular example of how findings are applied to guide the development of
risk communication literature can be found in Linville, Fischer & Fischoff [19]
who investigated the mental models of the transmission of the AIDS/HIV virus
and used these findings to redesign public communications. Within the energy
field, previous research has sought to capture and understand the mental
models occupants hold of thermostat operation in the home [10, 53, 54, 55]

the heating system [11] and electricity more generally [12].

Encouraging occupants to talk in detail about a specific domain of their

knowledge and understanding is important to accessing a person’s
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representations and their mental models. It is not uncommon for participants
to use seemingly scientific terms but with an interpretation of that term which
is quite different from the ‘expert’ interpretation. Without unravelling occupant
understanding of these sorts of terms, experts and occupants appear to talk
about the same topic, but at crossed purposes. An example illustrates this
point. When asking occupants to ‘tell me about radon gas in homes’
occupants used the words ‘radioactive’ and ‘gas’ frequently, but their
interpretation of these terms differed from how the expert would understand
and use these words [7]. Similarly the communications in literature about
radon gas in homes uses the word ‘decay’ to describe the depletion of radon
over time. However, in the householders, this word evoked a mental model of
radon emerging from decaying garbage in the ground [14, p 98]. These
‘miscommunications’ can be discovered during in depth discussions with
occupants where they can tell their version of their understanding, as they
have learned about the issue in their own context, location and everyday life

[20].

Indeed, in terms of domestic energy use, there have been multiple appeals for
energy educators to use the processes and language of everyday life [20],
arguing that energy use and energy conservation are affected by our tacit
knowledge of energy. Tacit knowledge is socially constructed rather than
learnt formally. Meaning emerges from the interplay between experiences,
interpretation of the feedback and data in the environment. For example,
Darby [23] evidences, in a study on energy transitions in a local Scottish
community, how energy is used and understood differently, never the same in

the same place, constructed through the experiences of social networks, the



built environment, climate, geography and demographics. The retelling of past
personal experiences in the home can also reveal phenomena in the private
world of the home as a means of uncovering themes around energy, heating
behaviour and the meaning of warmth [7, 25, 56]. For example, a study of the
mental models of domestic energy consumption suggests that occupants are
limited in how they think about and categorise domestic appliance
consumption but may better understand energy usage in terms of practices
rather than overall consumption [13]. This focus on occupants’ personal
experiences and lived behaviour, on meaning and constructed knowledge is
important in order to understand how occupants think and make decisions
that result in energy use, so that communication with occupants is on their

terms.

Research into mental models has found that when individuals hold models of
physical systems, these models tend to be stories or representations [7].
They are ‘models’ in that individuals use them to predict the outcomes of their
actions and so guide behaviour. However, mental models are not the formal
scientific models, concepts or theories characterised by abstraction,
predictability and consistency. Mental models may change over time and are
not necessarily real or correct; they can be fuzzy, incomplete, and conflicted
[8]. However, a mental model can be seen as an abstract (folk) theory in that
individuals may group mental models into analogies to refer and explain
similar phenomena they encounter. An example of this is evidenced earlier in
this paper when individuals applied their model of garbage decaying in the

ground to explain radioactive decay [14, p 98].



In the domain of home energy and home heating use it is important to
understand the prevailing mental models that people hold, as these can
influence energy use and conservation. People interpret public
communications through their mental models and so understanding these is
vital to inform the design of such communications [e.g., 19]. Understanding
mental models may go some way to explaining miscommunications or any
unintended consequences of public appeals to conserve energy (designed by
governments, climate change organisations or energy conservation agencies).
For example, there is a reported gap [21, 22] between actual building
performance and predicted energy use performance. Authors refer to
occupants taking back the higher temperatures achieved by energy efficiency
measures [4]. However, Janda and Topouzi [20] advocate for a learning story
approach to understand this gap, in terms of ‘a search for meaning in specific
times and places, p. 520 (to complement the ‘hero stories’ where new (and
heroic) building technologies will solve the energy demand problem as per the
theoretical predictions of building simulations and models). They propose that
learning stories can help in better understanding the moderating factors that
affect energy use; the ‘task complexity’ and the real (and potentially ‘messy’)
‘situational constraints’ of the real built environment [20, p 529]. This paper
presents the results of such learning stories by presenting people’s
representations and mental models around their in situ experience of heat
flows in real situations. It contributes to a literature gap in this area. Previous
research has provided some insight into mental models of heating systems

but less on heat flows in the home.

1.3 Mental models of heating systems



The literature on mental models around heating controls and occupant
behaviour has documented different ways that people can think about the
same phenomena. Early research by Kempton [10] found evidence that
individuals hold one of two mental models when operating a household
thermostat: the valve or the feedback model (or a partial model of these). The
feedback model described a thermostat working by sensing the temperature
in the home and switching the heating on and off to maintain the desired pre-
set temperature. In the ‘valve’ model, people predicted that the thermostat
operated by opening a flow of fuel: the higher the setting the more fuel
released, so the warmer the home temperature. The latter is analogous with
a gas burner on a domestic cooking hob, in that as the gas control is turned
up, the gas flame increases in size and provides more heat [10, 8]. Norman [8]
described a third mental model (the timer model) where individuals believe
that the thermostat controls the time that the heating stays on, so if the
thermostat is set to half way, then the heating is on for half of the time.
Holding the valve model would lead individuals to predict that turning the
thermostat up to its highest setting achieves the most heat. The traditional UK
thermostat acts as a switch to activate the heating and then switches off once
the temperature reaches the temperature set point in the home (most aligned
to the feedback mental model). Further, the rate of heating is a constant, and
the traditional UK thermostat does not usually control the speed at which the

house heats up.

More recent studies have complemented these findings. The UK Energy
Saving Trust [26] found that 32% of UK householders reported turning their

thermostat up in order to heat the home more quickly, despite the fact that this



action alone will not cause a space to heat more quickly. In the U.S., between
24 and 46% of participants believed that the home heated up more quickly
when the thermostat was set to a higher set point [10]. In a study of Welsh
participants, 62% also believed this to be true [27]. Additionally the EST also
found that 38% of respondents felt it was more energy efficient to leave their
heating on low constantly, despite general advice to switch off heating when
not needed. They believed that turning the heating off and then on again
would use more energy in the task of reheating the colder building [26].
Indeed, Jones, Fuertes, Boomsma and Pahl [28] found that thermostat
settings varied across households and that occupants who agreed more
strongly with the statement ‘| don’t understand how my home uses energy’
also reported higher thermostat settings. Further, people’s perceptions of
energy consumption tend to be out of line with calculated energy savings [29,
30] specifically, people often underestimate the potential of energy saving
actions such as turning down a thermostat. Social tenants, as an example,
were not making use of the controls that their heating system offered such as
the Thermostatic Radiator Valves (TRV’s) [31]. Indeed, when a study asked
180 people to draw ‘what energy looks like’, the sketches revealed ideas
about energy that were at odds with the words and numbers (kilowatt hours
for example) that are often used by professionals in the building/energy sector
to describe and conceptualise energy [32]. Instead of technical references,
drawings expressed the idea of energy being ‘magic’, energy being
everywhere, and drawn elements often related to natural imagery (sun, waves,
wind and lightning) but also to infrastructure (pylons). In addition, Revell &

Stanton’s [6] study showed that people can hold distinct and incongruent



models of their heating system. A group of six overseas postgraduates, living
in the UK, had incomplete representations of the heating system and
bypassed using the thermostat device altogether. Revell and Stanton’s study
specifically considered the heating system in buildings, rather than the way
heat behaves in the home. The evidence shows that overall, people in general,
can have a very varied understanding of energy and of a domestic heating
system [33] and at least some of those models will differ from the way the

system or device actually works.

This is not to say however, that mental models of heat can or should
necessarily be categorised in to those which are ‘correct or incorrect’, or even
in agreement with technical explanations or the ‘expert’ viewpoint on heating.
Occupants operate a heating system but construct their own meaning as to
how it works, and how it works for energy efficiency, out of their experience
with the system, their practical understanding, their habits and ‘know-how’ [34,
35]. Therefore, to regard the operation of a heating system in the home as
purely a technical task seriously undervalues the influence of the user. The
purpose of gathering mental models is to build a better understanding of the
decisions and behaviours that influence energy use, the human and
situational moderating factors that affect energy use via the operation of
heating in the home, which can then be used to design better systems and
interfaces. Stated otherwise, to add to our knowledge of the situations under
which energy is used research should not focus on whether mental models
are ‘right’ or ‘wrong’ in the technical sense but identify the models and study
these ways of thinking. Even if they are matched to an ‘expert’ model and

appear technically ‘right or ‘wrong’, mental models are not technical models.
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As already explained, occupants can seemingly use technical vocabulary but
be thinking about that process in a different way [7,14]. Mental models can be
simplifications and distortions of apparently technical models and equally can
afford behavioural energy efficiency advantages or inefficiencies whether
‘right’ or ‘wrong’ [10, p78]. In sum, a focus on the mental models of heat,
specifically, can enhance our understanding of the human element in this

socio-technical system.

1.4 Mental models of heat

The research studies included in section 1.3 above have focussed on the
operation of heating systems (e.g. thermostats and TRV’s). However, we
argue that behaviour related to these controls do not occur in isolation and
may well be influenced by wider mental models about heat, how to get the
home warm quickly and how the house stays warm. For example, if
individuals believe that it takes more energy to heat the home from cold (than
is saved by turning the heating off/ down) they may choose to keep the
heating on and avoid changing the thermostat setting at all [36, 11]. Similarly,
energy use behaviour may be influenced by how one thinks of a space
warming up, so an occupant might believe that their home warms up faster if
he or she sets the thermostat set point temporarily higher than normal [10]. In
this way, energy use is influenced by mental models about heating, the model
of how people think their home heats up, and how heat behaves in the home.

This is an important gap that our research seeks to address.

There is little in the energy efficiency literature that describes the Jayperson’s

mental models about heat. There is literature about models that students hold
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in terms of theories about heat but this is in the context of their education as
undergraduate physics students [37, 38] and not the mental models of heat in
their homes. However, it is relevant to summarise some of this literature here
since the findings inform our understanding of the variety of mental models of
heat. Four mental models of heat were identified. One model was of heat as
particle motion with a transfer of thermal energy due to a temperature
difference (temperature being the measure of the average thermal energy in
the substance and temperature is a scale of the kinetic energy of the
molecules [39]. Students also thought of heat as an intrinsic property of a
substance [38] as contained in an object [37] or as a material substance
which can be transferred from a hot object to a cold object and vice versa. To
summarise, these mental models suggest that heat can be thought of as a
process or as a material substance [40, 41]. These findings, albeit with
physics students, demonstrate the range of mental models held by individuals
about the same phenomena of heat and heat transfer. These studies also
provide evidence to suggest that mental models are persistent and resistant
to change even after formal schooling: Australian, American and Korean
school and university leavers still favoured the mental models they held prior
to studying the subject; these were unchanged after formal education and pre-

existing models coexisted alongside the learned scientific models [42, 43, 44].

That mental models are resistant to change is an interesting finding and may
seem puzzling, but Morgan et al. [7] found that people do not necessarily infer
errors in their mental models when presented with factual statements which
contradict their models. It is possible that people see no reason to change or

review a particular model if employing it successfully achieves their required
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goal. Similarly, mental models will be retained if there is no feedback to
challenge that way of thinking. So for energy efficiency, giving occupants
information about energy efficient behaviour alone may not be enough to
change behaviour where their mental models around heat already achieve

their goals.

1.5 The present research

Our study builds on previous research on the mental model of heat systems
but extends this approach to include the wider stories and models of how
people believe heat operates in the home. We include a scenario to elicit
mental models and test a relatively large group of people for
qualitative/mixed-methods research. Two research questions guided our
approach. Firstly what are the prevailing mental models of UK occupants
around thermostat use in homes amongst a larger group of participants?
Secondly, what are the prevailing mental models around heat and how heat
behaves in a building? The study used semi structured interviews and the
mental model interview methodology described by Gentner, 1983 [9] and
Morgan, Fischhoff, Bostrom and Atman, 2002 see Chap 4 [7]. We asked
participants to explain how heating devices and systems worked in relation to
how participants used them [8], to discuss a scenario related to home heating
in their own home.

This methodology enabled participants to access their own stories of the way
their homes use heat and the behaviour of heat. We varied the methodology
by asking participants to sketch their ideas if possible [32]. Finally, we

specifically captured any analogies that participants used in their response.
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2 Method

2.1 Participants

The study draws on data from 25 participants (9 males, 16 females). All were
resident in the UK but twenty three of the participants were UK citizens, one
participant was German (participant number 22) and one participant was from
Africa but had lived in the UK for some time (participant number 21).
Participants were recruited via the Plymouth University research participant
pool. This pool includes members of the general public, students and
university employees who have volunteered to assist in the University’s
research programme for payment. Recruitment to studies takes the form of
an e-mail invitation to the pool with very brief details of the study. Participants
who signed up for this study were undergraduate students (n = 8),
postgraduate students (n = 3), retired (n = 4), University employees (n = 1) or
other members of the general public (n = 9). Age of the participants ranged
from 25 to 71 years. They received a payment of £8 in return for taking part in
a 60 minute semi structured interview on the topic of ‘Heat Use in Your Home'.
In order to participate, interviewees needed to be paying their own energy bills
and be over the age of 25. Participants were briefed that the aim of the
research was to understand people’s ideas about energy use in the home and
that they would be asked a series of questions about their use of energy (gas
and electricity). We also explained that we did not require technically
accurate answers; rather we were interested in hearing how they imagined
heat and heating systems working, not in what they thought were the facts.
Twenty-two participants had a UK traditional gas fired wet central heating

system or Hydronic Heating System in their homes, with a boiler, thermostat
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and radiators. Participant 4 had no central heating and relied on portable
electric convection heaters for warmth. Participant 5 described a more
modern heating system installed in 2007. Participant 18 had an oil fired
heating system. See Appendices 1 for examples of how participants
explained their heating system, referring to controls and buttons, timers and

habitual ways of adjusting the heating.

2.2 Procedure for Data Collection and Materials

Following Morgan et al. [7]), we elicited mental models using an open ended,
conversational interview procedure with individuals. Questions and a

scenario were devised in consultation with engineering and building experts.

Interviews took 45 — 60 minutes and were structured into three parts.
Participants responded in a free and unconstrained manner without any time
constraints per question. Part One involved setting the tone and the topic and
lasted approx. 10 minutes. The participant was first asked to describe his or
her own actions in a general manner: “Tell me what you (typically) do if you
feel cold in your home? Can you tell me more about this? What | would like
you to do now is just to talk to me about whether you can change how much

energy you use.”

Part Two became more focussed on the understanding of heat and took
approx. 25 minutes. This section was intended to explore the mental models
of heat in terms of heat exchange, heat storage, and transmission.
Participants were asked: ‘Can you tell me what you understand about the heat

in your home and what happens to it after it is generated by the source of heat
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(i.e. fire/boiler)? What can you tell me about the way you imagine heat moving

around your home?’

In Part Three (duration approx. 25 minutes) the interviewees’ understanding
of heat was tested by prompting stories of how they used their heating
systems. Participants were asked to explain how heating devices and
systems worked in relation to how they used them [8], to solve a series of
small problems and to discuss a scenario related to how they imagined:

i). the thermostat operating.

if). how quickly their home heated up.

iii). where heat goes to when the heat source is switched off.

iv). how insulation works.

v). the heat flows around a home.
Participants were provided with a variety of questions in the home, such as (1)
how they warmed the home when they needed to be warm quickly, (2) where
heat in the home went to once the source of heat was switched off. A
scenario asked 'On a cold day when you get home and the house is cold,
should you turn the heating up extra high to warm the building more quickly or
not?’ The specific questions are summarised in Table 1 along with a rationale

for each question.

The interviews were audio recorded and later transcribed verbatim.
Transcripts were read and inputted to NVivo 11 software. First level coding
involved obtaining the frequency of each type of response. Participants’
responses were grouped according to each of the five interview

guestions/topics of heat. So for example, the scenario responses favouring
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turning the thermostat up higher to achieve faster warmth were grouped

together and counted.

For second level coding responses were grouped into similar categories and
analysed. Patterns and similarities in the content of the stories were identified
and models drawn from the data. Below, participant quotes illustrate key

findings.

<<Table 1 about here >

3 Results and Discussion

3.1 Results

Categories of mental models of heat are described for each of the five areas
of heating identified earlier in this section (see Table 1 for an overview and

Section 2.2):

3.2). Mental models of thermostat operation

3.3) Mental models of how quickly a home heats up (rate of heating)

3.4) Mental models of where heat goes to when the heat source is

switched off.

3.5) Mental models of insulation

3.6). Mental models of heat movement.

3.2 Mental models of thermostat operation

The stories that participants told about the thermostat operation were divided

into three mental models; two models (the feedback model and the valve
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model) were identifiable clearly from participant responses to questions.
However many responses did not contain a clear picture of how the
thermostat operated and we called these responses ‘fuzzy models’. A
feedback model (n = 12) was described by the largest number of participants.
In other words, they described the thermostat switching the heating on or off
at pre-set temperatures in order to maintain an approximate temperature in
the home (Table 2). It was clear that these participants described the
thermostats like a switch turning the boiler on in the way that the boiler ‘cuts
out when it reaches’ the desired temperature setting. In contrast a smaller
number of participants (n = 4) described a model in which the thermostat
worked like a valve in that, as the thermostat was turned up, an increased
flow of fuel would be burned or “more gas would be used up” or “more gas
comes out” (Table 2 for full exemplar responses) with the thermostat
controlling ‘how hard the boiler is working’ rather than how long it is working.
The ‘fuzzy’ models (n = 9) in contrast was the category for those responses
where participants seemed to find it hard to communicate the operation of the
thermostat “a radiator is filled with water right? So when you turn the
thermostat up | guess it heats the water in the radiator to that temperature” or
“if it (the thermostat) is set on a timer it would not switch off, it would maintain”.
Participants also clearly expressed their uncertainty in the way it operates
“Interviewer: Do you know how it works, Participant 13: No, | don’t know” and

“I've never really thought of it, it does what it says on the tin” (Table 2).

There was evidence of an analogy with another domestic appliance here.
Participants mentioned the flame on the cooker hob to explain how the boiler

flame operated in response to the thermostat. They described the amount of
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gas increasing or decreasing in response to the thermostat being turned up or
down, in the same way that they observed the gas flame become bigger or
smaller in relation to their turning the control on the cooker hob. The
participants reported that “it's [the thermostat] a bit like a cooker you turn it up
the more gas sort of comes out”. This indicates how the operation and visible
use of one appliance is used to explain how another domestic appliance
operates. It also suggests that domestic appliances may not been seen in

isolation in terms of how they operate.

<< Table 2 about here >>

3.3 Mental models of how quickly a home heats up (Rate of Heating)

Asking participants to connect the thermostat operation to how quickly their
home would warm up revealed more about how the participant used the
thermostat and the models around this behaviour. When participants were
asked whether they would turn up the thermostat set point in order to get the
house warmer faster, there were four prominent models about the rate at
which a home becomes warm. (Table 3). The ‘constant heat rate model’ was
held by the largest number of participants (n= 11). In this model participants
imagined that increasing the thermostat set point would be an ineffective
strategy for getting the house warmer faster. These participants describe how
heat rises gradually through the temperature range at a constant rate (see
Table 3 for participants’ quotes) and therefore turning the temperature set
point up would not achieve a warmer home more quickly. Instead it would
only lead to a temperature overshoot or “get it [the home] to a hotter

temperature” (Table 3). Indeed Participant 5 stressed that, given this constant
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rate of heat, s/he will adjust behaviour to get warmer faster: “I will wait and |

will put on a cardigan”.

The second model (n = 9) was the ‘higher temperature, warmer faster model’.
This mental model predicted that turning the thermostat up would lead to the

house warming up faster.

One participant (n = 1) felt that turning up the temperature setting was
something that they would do but that this might achieve a psychological
rather than a ‘real’ benefit (Table 3). In other words it was the feeling that they

were pushing or requesting the heating to work faster.

There was a fourth mental model evident in this sample; the ‘slowly slowly’
model of how a home gets warm (n =1) as described by one participant (Table
3). This model predicted that if the heat is slowly acquired, then it will “warm
up slower but you will have that heat for longer” as it will stay longer in the
surroundings. This participant was the only participant to use portable electric
convection heaters for warmth in her home. Her mental model of heat
seemed to relate to the experience with appliances; portable heaters which
‘cut out’ when they reach a set temperature and cut back in when the
environmental temperature drops. Her experience was that the house quickly
felt undesirably cold when the portable heaters cut out, therefore she

preferred a constant lower heat than the on-off, cold to hot rotation:

“With the fires that we have got. When you do put it on high it goes off
more often so it cuts itself out. And when you have it on lower it stays
at that temperature consistently whereas when you put it on high it

would stay on for a few minutes and then it would go cold again and
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then it would keep going on and off like that and you think, oh | feel
cold, when you have it on 15 or 20 its going to stay at that heat and not

keep switching itself on and off.”

The analogies with other appliances described in section 3.3 and 3.2 shows a
socially constructed approach [24] to the development of models of heat; with
participants learning about heat from their interaction with the environment

and specific domestic appliances.

<<Table 3 about here>>

3.4 Mental models of where heat goes to when the heat source is switched off.

Participants were asked what they imagined happened to heat when the heat
source was switched off. Responses to this question contained conflicting
ideas about heat and therefore, we present the range of responses direct from

the interviews but we do not force a mental model categorisation.

Often the participants were surprised by this question, some explaining that
they had never thought of this or that heat behaviour and ‘heat loss’ was a
‘mystery’ (see Appendix 2 for fuller exemplar quotes). Many participants

reported that they had ‘no clue’ or ‘don’t know’ an answer to this question.

The most common response referred to heat ‘escaping’ or ‘evaporating’ (n = 6)
through cracks in the walls, or through doors and windows as they are opened.
In the responses below, P2 and P16, whilst using the term ‘evaporate’ to
describe the heat loss, seem to be describing convection. The Oxford English
Dictionary describes evaporation as “the process of something abstract

ceasing to exist”. Convection on the other hand is “the movement caused
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within a fluid by the tendency of hotter and therefore less dense material to
rise, and colder, denser material to sink under the influence of gravity, which
consequently results in transfer of heat”.
P2: ‘1 never really thought about it, it just sort of seems to, like if | open
a window and it just sort of escapes. Other than that | would not know,

it sort of like evaporates”.

Participant 16 seems to describe a type of heat transfer but uses the term
‘evaporate’

P16: “ don't know, it just gets evaporated into the air | suppose.

I: How do you imagine that happening? So you said evaporated into
the air.

P16: | don't know, | suppose when you open a door the sort of heat

goes out | don't know”.

Participant 17 describes a convection process to describe where heat goes to:

P17: “ suppose heat...well obviously it rises and you're going to lose
some of that through the floorboards to the upstairs flat. I've lived in
upstairs flats and it's always warmer than being on the ground floor
because you get the heating from downstairs, sometimes it's too much.
But obviously windows, we've got double glazing but it's old and some
of the windows don't quite shut properly | think that's going to use heat
of course, under doors. Yeah | suppose that's enough dissipation of it
over time, say an hour, you know | think it probably...most of the benefit

is lost over that sort of time frame | suppose”.
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Participants also referred to heat escaping through the walls of the building. This
response is not an unexpected finding therefore, however, our responses indicate
a more complex picture, with participants understanding that heat is lost through
walls, in terms of the cracks in the walls, yet were also bemused that walls with

all of their layers of bricks, blocks, plaster and paint, are anything but solid.

P19: ‘1 always assumed stones are solid ---- and nothing can get --
through them. Um, but that, yeah, so | think about maybe like it goes

through like cracks and stuff.”

I: And then what?

P19: a little bit filtering out — like through those sorts of things in that
crevices and stuff. Um, but yeah, still | -- | find it really hard to imagine
air being able to go through walls -- because you just see them as set
solid things and then only like painted like these (points to the painted
walls in the room)-- a big block. Um, but if you look at quite a lot of
buildings, they build them like of breeze blocks and stuff, there is quite

a lot of air in them. So it does make sense that they can go through”.

P4: “ suppose it’s trying to get out of the windows and the emm any
cracks anywhere. Yes, so | imagine it’s just stagnant in the room until it
can find ways out really. Then the cold air will come back in again. Yeh,
so, but, | think because | tend to feel the heat, | just imagine it stuck in
the room really, rather than just escaping. Like we have got it all quite

secure and that with double glazing.”
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However, as participant 4 above describes, whilst heat is seen as escaping, at the
same time, it is viewed as stagnant, not moving. Participant 20 also imagined heat

as stagnant, a potential of the boiler, locked in the boiler, ready to be released.

I: “So the moment you switch the whole thing off, where does the heat disappear
to?

P20: I got no clue, | view is as it locked up in the boiler. Ha-ha, | know it’s
completely not how it is at all but | just view it as locked in this little box that is the
boiler.

P20: And then it sends signals to everywhere else to turn it on so | just view that
as the potential for the heating...... | have not got a clue. Not got a clue, other

than | see the device that | press.”

3.5 Mental models of insulation

Naturally, thinking about where heat goes to raised the question of insulation and
its effect on where heat goes. We asked participants how they imagined
insulation working and what difference insulation would make. Two participants
described the properties of good or bad conductors (Table 4) such that it would
‘hold’ or ‘stop’ the heat, ‘that would not transfer the heat so readily.” Participants
also provided a model where insulation worked by ‘bouncing (heat) off’ the
insulated walls and ‘bouncing (heat) back off the windows’ and back into the
house. This was how participants imagined the efficacy of upgraded insulation.
The notion of ‘solidity’ also appeared here. Participants were conflicted in that
they thought insulation would help but they found it difficult to imagine heat ‘going

through solid walls’ (Table 4), whereas windows were thinner and so the model of
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heat loss through windows made sense but was related to the thickness of the

material.

Again, we observed that participants used analogies to explain the behaviour of
heat. Participants used the analogy of insulation as clothing and how it keeps a

human body warm and how a wetsuit works to insulate the body.

<<Table 4 about here>>

3.6 Mental models of heat movement.

When we asked our participants to describe how heat moved, respondents
consistently described heat “rising” or as a particle movement. They drew on
analogies such as those from biology (particle movement was described as
“microbes whizzing around” by participant 3) and from geography such as wind

and weather patterns (Table 5):

P14: “l suppose maybe it's like the whole...sort of like rain system, you know
sort of hot air rises, cools down, turns into rain, comes straight down again

because it's cold”.

Participant 3 specifically referred to weather patterns and geography class to

explain their model of heat moving in the home:

P3: “Geography days, offshore drift. Air goes up and sea comes up, offshore

breeze in the morning, night comes the other way”.

However, when we asked participants to describe how heat moved in relation to
how they used it, by asking them how they became warm, their responses were

more varied. In addition, asking participants to draw their explanation revealed

25



variability in their views. Whilst heat rising, was a familiar model (Fig 1), some
described heat as spreading (see Fig 2) via waves of heat or visualised as

speech bubbles coming out from a heat source such as a radiator.

<<Fig 1 and 2 about here >>

<<Table 5 about here>>

4. General Discussion

This research investigated how occupants imagined heat and heating in the home in
order to identify and document the variety of mental models held. Building on
Kempton’s [10] and similar more recent research into the mental models that
occupants use to think about thermostat operation, we extended these findings by
eliciting wider stories and models of how people believe heat operates in the home
and by using a larger cohort of participants (N= 25). Using semi structured interviews,
and relevant household scenarios, participants provided us with their stories and

models of how they imagined heat working in relation to their everyday lives.

4.1: Mental Models of Heat

4.1.1 Models of thermostat operation

Our findings confirmed that there are varied mental models that people hold around
working a thermostat and heating the home, in line with previous research [5, 6]. In
our cohort, a similar percentage of participants held the valve model of thermostat
operation as observed by Kempton in 1986 [10]. This striking finding is that across
two countries (US and UK) and in an almost 30 year gap, mental models about this

particular device and how it works have changed very little. In other words, people
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use their heating systems on a daily basis, yet their interaction with the system does
not lead them to a standard understanding of how it works, nor have we found any
evidence that potential technical advances or societal discourse around saving
energy have changed conceptualisations in people’s minds. Given the speed of
change in other technical domains within the same timeframe and people’s rapid
adaptation — let’s take smartphones as an example — this is certainly noteworthy and
indicates how disconnected most people are from the domestic heating systems.

In our study 36% of participants held a higher temperature - warmer faster model
and told us they believed that turning the thermostat up would lead to the house
getting hotter more quickly. This finding is in line with other studies [26, 10, 27] and
has an impact on energy efficiency as setting the thermostat to a higher than desired
set point will achieve increased energy use and possibly lead to purge actions to
reduce the heat in the building (or to accepting this higher temperature/‘take back’)
[4]. Therefore some overshooting of temperature in homes may not be due to a
desired higher indoor temperature, but a desire to get warmer quickly. Indeed these
mental models might be applied to operate new home heating technologies and

control mechanisms e.g., the smartphone example above.

Holding a ‘higher temperature - warmer faster’ model and also holding a valve
mental model of thermostat operation could lead to an occupant being more reliant
on the heating system to feel warm. In contrast, having a feedback model of
thermostat operation and/or a constant rate of heat model (and believing that turning
the thermostat up higher does not achieve faster warmth) could lead an occupant to
conclude that to feel warmer faster they have to employ adaptation behaviours, such
as putting on another layer of clothing. Indeed they may put an extra layer of clothing

on sooner.
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4.1.2 Models of Heat

We asked participants to imagine where heat goes to when the heat source is
switched off and to describe the difference that insulation makes. These responses
were difficult to categorise into a distinct set of models. Participants described
principles of heat movement with technical vocabulary (evaporates vs convection for
example) but with differing meanings. The conclusion here is that when using this
vocabulary of heat, occupants may be using the same words but imagining quite
different processes, so ‘experts’ and laypeople may be seemingly talking about the
same issue but at crossed purposes [7].

The walls of buildings were viewed as having gaps and cracks where heat was ‘lost’,
yet walls were also believed to be solid and impenetrable. Insulation, another well-
known word, was understood to work differently by different occupants. Like the
undergraduate students in [37,38, 39], our participants described insulation working
in very different models than a heat transfer model for example, heat was imagined
as ‘bouncing’ off the insulation and back in to the room.

One observation is that models of heat movement relate to the decisions which
underpin efficiency action such as the installation of insulation. How one imagines
heat escaping through walls or whether one imagines walls as solid and
impenetrable might not be technically ‘right’ or ‘wrong’ but might affect one’s decision
to install wall insulation. Similarly, thinking of draughts as a cold air convection
current might aid the understanding of and raise the importance of draught proofing.
Further, holding one model of insulation may make it difficult to ‘see’ an alternative

model and this will affect how an occupant interprets energy efficiency information.

However, the responses presented in this paper reflect strongly that the behaviour of

heat is something of a mystery to some, with participants repeatedly telling us that
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they “had no clue”. Whilst occupants experience warmth, they do not easily
experience or see conduction or convection of heat, nor the operation of insulation
(albeit they can feel the difference). With modern central heating systems, where the
system works to maintain a set desired temperature, occupants experience warmth
without knowing how much that system is working (harder) to combat heat loss

through the walls or draughts in the building.

4.1.3 Analogies

Participants drew on several analogies to explain how heat worked, drawing on
mental models already formed in one setting, to apply to other scenarios. Some
participants referred to a geography analogy to describe heat movement (onshore
and offshore breeze) and not a model specific to buildings. Some mentioned other
appliances in the home and how they observed them working to explain the
operation of a second domestic appliance (so a gas flame on the cooker hob was
seen as analogous with the flame in the central heating boiler). The experience of
portable electric heaters informed a model of how heat behaved. Insulation was
seen as analogous with how a wetsuit worked or how clothing worked to keep a
human body warm. Analogies are used to communicate and to clarify a point, and
their use suggests that participants found the analogies more available and easier to
use in explaining their point about heat in homes. This speaks of our relationship
with heat and with buildings, which in turn suggests that explaining heat movement
in terms of buildings is less easy. This observation fits with previous research which
suggests a limited taxonomy around energy use in the home [13]. Using analogies

to communicate with householders has great potential for improving understanding.

4.2 The social and experiential construction of knowledge and action.
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Taken together, the responses to our interviews support the social and experiential
construction of knowledge of heat and heating systems [24]. Knowledge emerges
from the experience of heat, social experiences, interaction with the heating system
and formal learning. The experience with the built environment is a critical element
in the process of constructing stories and models of heat, a place of learning in itself
[46, 56]. There is scope for building users to play a more active involvement in
building performance, observing that buildings provide feedback to their users and

users are differentially equipped to interpret that feedback.

Further, our findings generally support Royston [4] and Revell et al.’s [6] argument
that systems in the home could be designed better to support ‘knowing how’ to
operate the system for energy efficiency. It appears that some occupants can
successfully achieve warmth and heat in the home, whilst their model of heat in the
home is unclear. They may not, however, necessarily achieve warmth in the most
energy efficient manner. One traditional way of encouraging energy efficiency is for
occupants to learn about the efficient use of heat in the home system; another way is
to build feedback into the home environment so that the heating system
communicates its energy efficient operation However, at present few building
systems provide feedback that easily and intuitively promotes learning and efficient
action. For example, feedback could be given at the interface of heating appliance
and system use to communicate heating progress (in fact some new thermostats do
have a screen which shows the desired temperature and the current temperature
status in the house). Whilst the temperature is reaching the desired set point, a
progress bar animation might be visible to provide feedback that the system is
working towards the goal temperature. This communicates the rate at which the

home is warming up.
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Overall, we set out to listen to building users’ stories in a mental models approach,
looking at the representations and meaning that occupants connected with the
system in their own home. We present a picture of heat use as a distinctly socio-
technical system, where mental models of heat can be conflicted and messy ideas
abound about heat, building fabric and energy efficiency. Authors have suggested
that environmental education programmes should contain an element that teaches
about building literacy [46]. Janda [46] and Janda and Topouzi [20] push for
researchers and policy makers to acknowledge the socio-technical nature of the built
environment. This is in line with wider calls for an interdisciplinary, systems-based
approach that truly builds on the science of people in order to address the societal
challenges of today, be they related to energy specifically or to broader issues such
as climate change [47,48]. Our findings support the argument that, rather than focus
solely on technical fixes to achieve energy demand reduction, we should harness

and build on the users’ capacities and capabilities.

4.3 Future Work

Firstly, it would be of interest to apply the mental models methodology to explore
other aspects of behaviour in the home, such as how householders approach
behaviours that impact on energy efficiency such as ventilating the home, dealing
with condensation, awareness of the relationship between indoor temperature and
heating bills, or the impact of thermal mass vs thermal insulation. Further research
could explore how models interrelate. The approach would also lend itself to
exploring the perceived link between the home (fabric and behaviour) and both
comfort [25] and health outcomes. Moreover, we do not know yet to what extent
these models influence the perceived efficacy of energy efficiency actions such as

insulation. Secondly, future research should test the prevalence of these models
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over a larger, ideally representative sample. A mental models approach takes these
initial models and adopts a survey approach, adapting the questions to assess
widely held models across the general population [7]. Future mental models work in
this area should also integrate the elements that were our focus into a more
comprehensive, linked model to represent notions of causality better, for example
whether holding a certain model leads to certain heat related behaviours [7, 52]. The
approach should also be followed through to the development and testing of
purpose-designed public energy efficiency communications, as this last step of the
process has been neglected in mental models research to date [18]. Thirdly, the link
to action should be investigated, for example do they affect the willingness to install
energy efficiency measures? Finally and importantly, there is scope to research how
mental models of heating and buildings can be changed through the provision of
effective energy feedback. This is likely to be different from feedback about energy
(energy literacy). Feedback could include visualisations of heating processes or the
effect of behaviour on heating. The eViz project has, for example, investigated the
effect of occupants seeing thermal images which show the usually invisible and
difficult to imagine effect of draughts and missing insulation and has assessed the
effect of this feedback on occupant behaviour [50, 48, and 51]. This research could
be extended to study the effect such visualisation has on occupant’s mental models
of heat and the role of visual images in the process of constructing knowledge of

heat and heating behaviour.

4.4 Conclusion

In conclusion, we extended earlier research findings on the mental models of heating
systems to elicit wider stories and models of how people believe heat operates in the

home. Listening to and analysing the stories and representations of occupants
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around how they operate buildings and their own heating systems is important.
These stories reveal underlying assumptions that can influence behaviour and
energy efficiency. For example, setting a high internal temperature on the thermostat
can stem from the belief that this is how to feel warm fast. Further, whilst occupants
use technical terminology such as convection or evaporation, they may be imagining
different processes than the terms suggest. This can relate to how the effect of
insulation or draughts is imagined. These mental models can inform future energy

efficiency communications and educational building literacy programmes.
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Table 1: Questions to participants, with rationale for each question.

Question

Rationale

Thermostat Control

1. Scenario question: On a cold day when you get home
and the house is cold, should you turn the heating up extra
high to warm the building more quickly or not?

2. Can you explain how you think of a thermostat working?

2a Supplementary question: How do you imagine the
thermostat affects the central heating?

Capture mental models of the operation of heating
controls. What it is they control and how.

Predicted to affect participant decisions about
thermostat set points and frequency of change,
behaviour that might lead to overshooting the desired
temperature and the energy waste consequences of
this.

To assess participants mental models against previous
literature. Valve or Feedback, Timer or Switch models
described by (Kempton, 1986; Revell, 2014; Norman,
2002)

Heat Flow and Movement

3. Tell me where heat goes to when the source of heat is
switched off?

4. How do you imagine insulation working?

5. Tell me about the way you imagine heat moving around
your home?

(if you find it easier, you can draw your explanation on the
paper provided)?

Related to decisions regarding length of time heating
system is on, opportunities to reduce heating time,
decisions to insulate, heat exchange, heat storage and
transmission, U values, rate of heating.

To capture models of heat transmission, heat
transference.
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Table 2: Mental Models of the relationship between the thermostat set point and the rate of heating a home.

Feedback Model (n=12)

Valve Model (n=4)

‘Fuzzy’ Models (n=9)

Participant 23: So when it gets to
the temperature, so like if it was 20
degrees in the room then it would
turn off until it gets to below 20
degrees again and then it would
come back on again.

And

Participant 5: The thermostat
sends a signal to the boiler which
means that the boiler will not cut
out when it reaches 15, it will cut
out when it reaches 20.

Interviewer: So if the room is cold, say it's
down below 12 degrees and you want it higher
and you want it about 20, you turn it up to 20,
what would be happening?

Participant 15: Well you imagine more gas
being used to heat up the radiators, to heat up
the water in the radiators.

And

Participant 16: | suppose when you turn it,
it...kind of...l don't know, | suppose it's a bit like
a cooker you turn it up the more gas sort of
comes out. Maybe there's a valve like a valve
that opens so it lets more heat through maybe.

And
Participant 17: | think rationally | presumed it

linked back to the boiler and drives how hard
the boiler's working.

I: I wondered if you know how a thermostat works. How it effects the system
beyond it? Do you know how it works?

P13: No I don't no.

I: How do you imagine it working?

P13: | guess they're linked to the radiators in a way. A radiator's filled with
water is that right? So when you turn the thermostat up | guess it heats the
water in the radiator to that temperature but I'm not sure if that's right, that's
what | would have thought, that's a guess.

I: And the thermostat, how does that control it then? How does that affect
the water?

P13: Do you mean how are they linked? | don't know, | don't know.

I: When you turn on the one you've got does it do anything or does it...?
P13: When you turn it?

I: Yeah. When you turn it what are you imagining is happening when you
make the turn as it were?

P13: I don't know. I've never really thought of it. It just happens and you
don't really think about it. I'm not sure to be honest.

And

I’'m just wondering if you could explain how the thermoset works.

P20: (pause) well | would imagine that when you set it like that, that’s the
target temperature that it is kind of working towards and once it reaches the
temperature it maintains it so it's working hard to reach that point.

I: Yhy, yhy. Okay and do you know how it switches on and off? Cos you have
this, when it gets to certain temperature it just switches off?

P20: If it's set on a timer it wouldn’t switch off it would maintain.

I: So do you know how it is sort of switching on and off? How it is sort of
P20: | can hear it in the boiler. Umm, sometimes | hear it firing up but other
times it's more of a click click click kind of that noise.

I: Yeah, yeah. And you don’t know how that with the digital display and
numbers in is effecting what the boiler does?

P20: No, I never given it any thought.. | just know the basics. It does what is
said on the tin.

41



Table 3: Mental Models of the rate of heat in a building.

Constant Rate of Heat
Model
(n=11)

Higher Temperature
- Warmer Faster
model (n=9)

Psychological
Effect Model (n=1)

Slowly, Slowly Model (n
= 1)

Participant 1: No (I would not turn the
temperature on the thermostat up), it
just heats to that temperature, all you
are doing is getting it to a hotter
temperature.

AND

Participant 2: No it still takes 5 minutes
to get to 60 and 5.5 to get to 70.

AND

Participant 5: No, | would just switch it
up a little bit. | would switch it to the
temperature that | want it to be and not
high. It is going to get time to...l am
not sure how much gas is being
burned and how that relates to the
temperature. | suppose there is a
thermostat that can control the
temperature in the pipes. | have not
read the instructions in detail. | do not
want it to get ultra-hot, | only want it to
get a certain temperature. | will wait
and | will put a cardigan on.

Participant 7: Em. | would, |
would. | would turn it up but
with hindsight it probably
would not make it get hotter
any faster. | presume that
the boiler would be working
harder to heat water hotter
so that the radiators were
putting it out faster.

AND

Participant 18: Yeah, | would
do.

I (turn up the temperature set

point) ........ Umm (pause) |
just imagine it “chucking it
out” a lot quicker which is
probably contradictive
because then what happens,
you will get too hot and then
you need to turn it back
down and then you are
dealing with it, with being too
hot so you should probably
turn it up a couple of
degrees, but | would
probably if it is really cold
when | got back, | would turn
it up. Probably higher than |
would want it and then turn it
back down. Once it's
reached the point that it was
hot.

Participant 3: If | was really
cold and | had children with
me or something like that,
then yes....... probably.

I: And how do you think
that is effective.

Participant 3: | would
imagine it would take quite
a while, but I think it'’s
probably psychological
more than anything else.

I: So that if you turn it up,
what is the psychological
bit?

Participant 3:

give you an answer for
that. No, no, it probably
does work. Not
psychologically. In my
house, the radiators would
actually get hotter
somehow.

Participant 4: | would have put it on
lower so that it would build up slower.
I don't know why... just that it would
build up and last longer. Yes, rather
than put it on high? Put it on lower. |
know it would not get warm so fast but
| would imagine that everything would
slowly warm up and that would be
better to do than put it on really hot
and everything was phew, really hot. |
would feel it would last longer then as
well. It would warm up slower but then
you’d have that heat for, you could
have it on longer.

Participant 4: With the fires that we
have got. When you do put it on high.
When you do put it on high it goes off
more often so it cuts itself out. And
when you have it on lower it stays at
that temperature consistently whereas
when you put it on high it would stay
on for a few minutes and then it would
go cold again and then it would keep
going on and off like that and you
think, oh | feel cold, when you have it
on 15 or 20 its going to stay at that
heat and not keep switching itself on
and off. That’s what | tend to find.
With central heating, they go around
on different radiators don't they and
one will warm up and that will get to a
certain temperature get to the certain
temperature and cut out.
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Table 4: Mental Models of Insulation

The Bouncing Model (n=4)

Convection/Conduction Model (n=1)

Wetsuit Analogy (n=1)

P17: | suppose any insulation be it in a loft, the stuff
that they lay down in those spaces, or in cavity walls
| suppose, have insulation in. It's just about bouncing
the heat back in. It can't get out to the cold air to be
dispersed, in the same way that double glazing is a
form of insulation because there's another barrier
before it reaches the outside, uncontained world. It's
that simple. In the same way clothes keep body heat
in, the more clothes and thicker clothes, and thick
wool clothes keep heat in better than a cotton shirt. |
don't see any difference really in the home and
heating the home, body heat's the same thing.

P15: Well...it's to do with whether it's a good or a bad
conductor of heat. So you would want something that
would hold...stop the heat from leaving the building
so something that was a bad conductor | guess.
Something like fibreglass or if you were using
insulating tape something that would just not transfer
the heat easily, readily.
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P19: Um, but | think some of the wall -- the walls, if
they have to have holes in, you know, it can’t be
completely -- the wall can't -- -- be completely -- so
that needs a bit room for -- | don’t know why, to
expand or maybe to keep it like -- maybe it’s like a
wetsuit, Because a wetsuit works -- but wetsuit works
-- Um, you have a layer of water right next to your
body. Your body temperature heats that water so it
stays at your temperature and it kind of acts as a
barrier against that ---- cold water. Because if you
think about it if you're in the sea, that’s a lot quantity
of cold waters. That'’s the initial cold and then it
warms so fast.



Table 5: Mental Models of Heat Movement

Heat rises model
(n=11)

Particle movement

model
(n=4)

Geography Class
Analogy (n=2)

P4: the heat rises upwards,
so it doesn't kind of chuck it
out at you. | imagine it rises
right up in the air and then
gradually fills up the room
going back down again.

AND

P7: 1 guess the way heat
works, it goes up and
circulates and moves
around and comes out from
the radiator. | presume that
most of it goes up and
circulates up around the
room. That’s what |
presume and that’s what |
hope.

P3: | think it warms the air and the
little microbes whizz round at a
rapid rate and heat you up that
way.

P14: | suppose maybe t's
like the whole...sort of like
rain system, you know sort of
hot air rises, cools down,
turns into rain, comes straight
down again because it's cold.

AND

P3: Geography days,
offshore drift. Air goes up
and sea comes up, offshore
breeze in the morning, night
comes the other way.

44



APPENDIX 1

Participant’s description of their own heating system

Participant Heating Participants’ description of how their own heating system works.
Number System in

Current

Home

P03 Hydronic It’s a very, very old house, my father’s old one and nothing has ever been done to
Heating modernise it. | don’t think that the actual thermostats on the radiators are not very
System good (sic). No | put it on and then off.

| feel that the boiler goes on and there are some tubes with water running through it
somewhere and gets heated up and some of it goes to the airing cupboard and the
boiler and other half gets syphoned off through the tubes, and goes through the
radiators to the house.

P04 Electric We haven’t got central heating anyway, so ehm. We have got electric convector fires
convector which we plug in and yeh we have just recently got rid of the old gas fire. This week
fires actually. Yes, we got it disconnected this week, we would worry about the safety of it.

We got it disconnected this week and have got an electric one to put in its place, with
fake flames.

I: Yes, so that’s a...is that your form of heating then....

Yes, itis really. Because we are in a small block of flats, the heat rises up to us
anyway. So it's always quite warm there anyway. We have got insulation in the roof.
Because it’'s a small flat anyway, it tends to retain the heat when you are cooking.

P05 Hydronic New boiler 20 years on. | would put the central heating on. Heat the room | am in.
Heating More efficient boiler than it was before. If wanted to heat 1 room | would use the one
System oil filled radiator. The boiler itself has lots of settings, the remote control setting has a
Self load of settings itself.
learning I: Self learning heating systems.
system? | got the best price | could get for what seemed good value.

On the thermostat | adjust that to the temperature of the room. | either use it on auto
which | know is basically on...and then when | don’t want it on | switch it off. Ones got
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a sun and a moon and | am not sure what they entail, they are versions of on...not
having read the brochure.

P06 Hydronic The (heating has a) switch on the left hand side, | just dash up to the bathroom, just
Heating turn it on the left hand side. Ahm. And that does the hot water and the heating.
System I: Would you switch it off again manually.
Yes, | do. | would switch it off at night. Unless | wanted it to be on and then there are
four settings, it says once, twice, it would go on and off at night if | wanted it to do so,
but | don’t. So | just switch it off and | go to bed.
P09 Hydronic | switch it all on and, | don't know, | have to adjust the dial. | often do actually adjust
Heating the dial within the boiler. I've got a timer, I've got a dial to adjust it so the radiator heat
System, can go up and down but then | have a thermostat as well so | kind of play with them
both. So that gets adjusted quite a bit. |1 don't know how | keep warm! It just turns on
and it kind of works. It's just a matter of adjusting things to get it right and get it
comfortable.
P10 Hydronic We've got a little thermometer thing. | turn the thermostat, which is broken at the
Heating moment so we have to have it really high to have the heating on at all which is
System really...it really drives me up the wall. The heat won't kick in unless it's up above 20.
So if | was feeling cold and | looked at the temperature thing (on the fridge magnet)
and the temperature was reasonably okay | would think right | won't turn the heating
up I'll stand by the cooker for a bit or just go for a walk, whereas if it's say 17 or 19 or
something I'd think oh fair enough they're right it is cold
P14 Hydronic Yeah we've had a sort of boiler system, both houses had similar things, you just
Heating push...it had a clock face and you could push in the times that you wanted to
System automatically have it on. So I've always understood the boiler as being sort of just the
radiators and sort of contributes to the water and obviously then you've got a separate
bill for the electricity which is just TV and power source for other things.
P17 Hydronic It's radiators in every room. It's a ground floor flat. There's a boiler just at the back in
Heating a little boiler cupboard, airing cupboard.
System | don't know about the thermostat because | control it on the radiators. | don't think

there is one of those thermostat things anywhere in the flat it's literally just push the
button a couple of times and it turns on, push it a couple of times and it turns off; it's a
reasonably old boiler | think, we need to service it at the moment actually.
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P18 QOil fired | think we have our heating um, our oil fire, boiler/radiators, on a timer so hopefully
that would be adjusted in a manner that um, suites the weather pattern. And the boiler
is -- Oil fire, yes, domestic oil. So you have a tank outside? Yes, yes. And it's timed to
come on -- Yes, morning and evening; yes, just for a short period of time. Um, okay.
And that fires the radiators Does that have a thermostat or a sort of setting on it, that's
probably a bit -- It does, yes, a thermostat and it's set at a certain -- | think at 140
degrees on the dial on the boiler itself.

P20 Hydronic Yeah, we've got a boiler and we've got radiators, we've got a living room, dining room

Heating -- we've got radiators in all the bedrooms and in the hallways as well.

System So the system was new in 2007. We've got it timed that it comes on so when | get in
from work it's a certain temperature and it's nice and then it sort of clocks back down
to a -- I don't know whether it's 16 or 17 or something. It goes back down again and
then in the middle of the night, about four it comes back on -- this is winter months
obviously -- so it comes back on for a couple of hours so it's warm when we're getting
up in the morning and then goes back down again. So it's kind of timed to do -- to kick
in when we need it. And we can override it so if it's particularly cold, we just stick it to
manual and turn it up.

P21 Hydronic There is a boiler -- and a thermostat on the wall and radiators? There's a timer with a

Heating dial and it has notches in -- it has a 24 hour thing, but in few minute increments so

System that's what we used to do, but in the time that we weren't going to be in the house, for
example if we were going to university from nine until five or six, it would be off. The
only time we would use the gas is for cooking and eating.

P25 Hydronic The thermometer, to turn up the heat or down and then, my mum goes turn it up and

Heating then, when it clicks is when it started.

System
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APPENDIX 2

Example responses to the question “Where heat goes to when the source is switched off?2”

P1: | view it as it sort of like signals.

I: Right, okay. So that’s the sort of the control system?

I: Okay, so that’s interesting, so you know how it sends out the mechanism? How the signals are being sends out?
P:1 | have not got a clue. Not got a clue, other than | see the device that | press

P2: | never really thought about it, it just sort of seems to, like if | open a window and it just sort of escapes. Other than that | would not know, it sort of like evaporates.

P4: | suppose it’s trying to get out of the windows and the emm any cracks anywhere. Yes, so | imagine it’s just stagnant in the room until it can find ways out really. Then the cold air will
come back in again. Yeh, so, but, | think because | tend to feel the heat, | just imagine it stuck in the room really, rather than just escaping. Like we have got it all quite secure and that
with double glazing.

P5: | suppose it’s quite wasteful really. When | was at school doing physics and chemistry at O level, there was a lot of heat loss through the air when you are heating up your Bunsen
burner. Everything was supposed to balance but when it didn't it was put down to heat loss. | have no idea what they are talking about to be honest.

P16: I don't know, it just gets evaporated into the air | suppose.
I: How do you imagine that happening? So you said evaporated into the air.
P16: | don't know, | suppose when you open a door the sort of heat goes out | don't know.

P17: | suppose heat...well obviously it rises and you're going to lose some of that through the floorboards to the upstairs flat. I've lived in upstairs flats and it's always warmer than being
on the ground floor because you get the heating from downstairs, sometimes it's too much. But obviously windows, we've got double glazing but it's old and some of the windows don't
quite shut properly | think that's going to use heat of course, under doors. Yeah | suppose that's enough dissipation of it over time, say an hour, you know | think it probably...most of the
benefit is lost over that sort of time frame | suppose.

P19: | always assumes stones are solid ---- and nothing can get -- through them. Um, but that, yeah, so | think about maybe like it goes through like cracks and stuff

I: And then what?

P19: a little bit filtering out — like through those sorts of things in that crevices and stuff. Um, but yeah, still | -- | find it really hard to imagine air being able to go through walls -- because
you just see them as set solid things and then only like painted like these (points to the painted walls in the room)-- a big block. Um, but if you look at quite a lot of buildings, they build
them like of breeze blocks and stuff, there is quite a lot of air in them. So it does make sense that they can go through.

P19: | just really find it hard to imagine that anything can go through walls.

I: Yeah. Yeah. And do you -- you think -- can you imagine how much goes through the window if you've gotten

P: Um, for a single glaze, | reckon it's got to be low so -- it’s got to be like 80% | reckon. | reckon a lot goes through that. Um, so | think even if you can'’t like double glaze, like my
windows cost -- well cost about five grand just to -- -- double glaze them but just having that therm, | think, probably cuts that quite a lot

I: So do you -- do you have any model or -- and mentioning if -- how they work?

P: Um, well, it's really hard because they're so thin. You think, how could they possibly have -- that -- again, how do they work?

I: So the moment you switch the whole thing off, where does the heat disappear to, or doesn't it, does it just stays there?

P20: | got no clue, | view is as it locked up in the boiler. Haha, | know it’'s completely not how it is at all but | just view it as locked in this little box that is boiler.
P20: And then it sends signals to everywhere else to turn it on so | just view that as the potential for the heating.

P20: But everything else just being cold until it gets the signal.

P20: | view it as it sort of like signals.

I: Right, okay. So that’s the sort of the control system?

I: Okay, so that’s interesting, so you know how it sends out the mechanism? How the signals are being sends out?

P20: | have not got a clue. Not got a clue, other than | see the device that | press.

P23: So, ehm, so | imagine it just goes through (the walls). Even though, | just imagine the walls are really thick and once they are painted and plastered and that, | imagine that it would
still go through (Laughs) through the walls and then just outside and through cracks and that as well and through the roof and everything as well.
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Figure 1

Fig 1 Sketch of heat rises model of heat flow with arrows representing hot air rising from the radiator on the wall, under the
window (Participant 1)
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Figure 2

Fig 2 Sketch of heat spreading outwards horizontally from a radiator in to a room (Participant 23)
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