
 

 
 

 

 

 

 

 

 

 

 

 

 

Resilience in Housing Performance: An Investigation of Social Housing in the 
UK  

 
 
 

 
Melis Tekin 

 

 

 
 

 

 

A thesis submitted in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy  

 

 

 

The University of Sheffield 
Faculty of Social Sciences 

School of Architecture and Landscape 
 
  

May 2025 



 i 

Acknowledgements 

 
A great many people have played part in this research and this thesis would not have been 

possible without all the support from them.  

Firstly, I would like to thank and express my gratitude to my supervisors Dr. Isaiah Durosaiye, 

Dr. Chengzhi Peng and Prof. Wen-Shao Chang. Thank you all for your support and expert 

guidance throughout my PhD study, especially during my writing-up period. 

I would also like to express my sincere gratitude to Prof. Fionn Stevenson for the continuous 

support from the beginning of my PhD study. Thank you for all your wise words and 

providing me extra motivation in times that were difficult for me. 

The contribution of the research participants (both inhabitants and design team) was highly 

valuable. I would like to thank you for all your time and support even if there was pandemic 

happening. I am also thankful for the Housing Association that willingly gave access to their 

scheme and the stakeholders that generously shared their expertise. 

A heartfelt thank you for all my friends and colleagues, from all around the world, who kept 

me going with all your tremendous support and motivation. 

Above all, I dedicate this thesis to my Mum and Dad, I am more than indebted to you both. 

Thank you so much for all your love, motivation and support throughout my whole life and 

Ƴȅ tƘ5 ƧƻǳǊƴŜȅΣ L ŎƻǳƭŘƴΩǘ ƘŀǾŜ ŘƻƴŜ ƛǘ ǿƛǘƘƻǳǘ ȅƻǳΦ  



 ii 

Abstract 

¢ƘŜ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ǎŜŎǘƻǊ Ŏŀƴ Ǉƭŀȅ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǊƻƭŜ ƛƴ ǊŜŘǳŎƛƴƎ ŀ ƴŀǘƛƻƴΩǎ ƻǾŜǊŀƭƭ carbon 

dioxide emissions. While academic research has explored the energy performance of 

housing at the design stage, these studies have not considered the dynamic changes of 

ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ from the perspective of resilience, how inhabitants learn from their 

experiences and adapt these experiences to their everyday lives, or how ƛƴƘŀōƛǘŀƴǘǎΩ 

respond to changes adaptively.  

This thesis proposes a practice-theoretical framework incorporating robustness, adaptation 

and redundancy, the three drivers of resilience, to better understand how people respond to 

extreme events, such as the pandemic and cost-of-living crisis, and how energy use in social 

housing is manifested through the practice of resilience. The thesis addresses the current 

knowledge gap regarding robustness, adaptation and redundancy, which have not been 

investigated systematically in post-occupancy housing studies. In particular, the connection 

ōŜǘǿŜŜƴ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǎŜƭŦ-reported discussions about 

energy-related practices remains largely implicit. A better understanding of these 

discussions and how they can be articulated through robustness, redundancy and 

adaptation can provide a new source of knowledge for developing resilient social housing in 

the UK and beyond. 

In this research, resilience in the home is examined through the practice theory lens in order 

to understand the relationships among design, practices and resilience. In order to achieve 

the aim and objectives of the research, a mixed method approach with a question-driven 

perspective is used. The research approach includes a literature review, case study, post-

occupancy evaluation and data analysis. The four elements of practice theory help to 

structure the investigation via a resilience matrix. The matrix developed by the researcher 

was applied to map out the nexus between the four elements of practice theory and the 

resilience drivers.  

Finally, this thesis highlights the implications for future-proofing social housing and 

recommends actions and policy changes to promote resilience in housing performance. 
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CHAPTER 1: INTRODUCTION 

1.1 Background 

The global surface temperature increase is projected to exceed 1.5°C over the 21st century, 

leading to more frequent and prolonged heatwaves, as well as more intense precipitation in 

many regions (Intergovernmental Panel on Climate Change, 2021). According to the Climate 

Change Act 2008, to maintain climate change within tolerable levels, carbon dioxide (CO2) 

emissions must be reduced to net zero in the UK by 2050. However, many climate experts 

argue that achieving net zero carbon in the UK is more urgent and the target should be 

brought forward to 2030 (RIBA, 2019; The UK Green Building Council, 2019). 

Energy-efficient housing with reduced energy demand is considered critical for reducing CO2 

emissions and addressing the impacts of climate change (Luo et al., 2019). While much 

attention is paid to increasing the energy performance of housing at the design stage, 

Grandclément, Karvonen and Guy (2015) indicate that the occupation stage is the key to 

achieving greater energy efficiency. Gill et al. (2010) and Stevenson (2019) also argue that 

comprehensive building performance evaluations through additional post-occupancy 

evaluation (POE) methods provide a better understanding of the monitored building 

performance in relation to how humans actually inhabit their homes and how they use their 

appliances. According to the Office for National Statistics (2023a) report, 17.0% of all carbon 

emissions in the UK were caused by the residential sector in 2022, placing this sector in a 

critical position for reducing carbon emissions by improving building performance 

(Intergovernmental Panel on Climate Change, 2023). Additionally, the English Housing 

Survey noted that 35% of the households who live in social housing in the UK struggled with 

paying their energy bills due to the increased energy prices throughout 2021 (Department 

for Levelling Up, Housing & Communities, 2021). Consequently, a better understanding of 

ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices within social housing is necessary to understand the 

underlying factors of resilience in these households. The scale of social housing provided by 

housing associations and the specific opportunities for and challenges of providing adequate 

heating and ventilation in low-income households make this an appropriate sector for 

research. 
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This thesis addresses the current knowledge gap by exploring robustness, adaptation and 

ǊŜŘǳƴŘŀƴŎȅ ƛƴ ǘŜǊƳǎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ŀƴŘ ƘƻƳŜ ŜƴŜǊƎȅ ǳǎŜΣ ōŜŎŀǳǎŜ ǘƘŜǎŜ ǘƘǊŜŜ 

drivers of resilience have not been systematically investigated in post-occupancy housing 

studies. Further details about how these three key drivers were identified are provided in 

Section 2.2. In this research, adaptation refers to the adjustments made to reduce the 

impacts of social changes, and has been developed through social science to include the 

capacity of individuals and groups to affect resilience, either intentionally or unintentionally 

(Walker et al., 2004). Robustness, another driver of resilience, is defined as the ability to 

maintain the preferred housing performance despite social changes and the ability to 

withstand shocks (Buso et al., 2015). In this context, one social definition of redundancy is 

ΨǘƘŜ ŜȄǘǊŀ ŎŀǇŀŎƛǘƛŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ŀ ƘƻǳǎƛƴƎ ŎƻƳƳǳƴƛǘȅΣ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ŀ ǎƛƴƎƭŜ ƛƴŘƛǾƛŘǳŀƭΣ ǘƻ 

ƘŜƭǇ ǘƘŜƳ ŀŘŀǇǘ ŀƴŘ ƪŜŜǇ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜƛǊ ƘƻƳŜ ŜƴǾƛǊƻƴƳŜƴǘǎ ƛƴ ŀ ƳƻǊŜ ǊŜǎƛƭƛŜƴǘ ǿŀȅΩ 

(Stevenson, Baborska-Narozny and Chatterton, 2016, p. 790). The following sections explore 

the research gap by focusing on the housing problem in the UK, and present the research 

aim and objectives. 

1.2 Housing Problem in the UK 

According to Palmer et al. (2016), the UK housing stock emits two or three times more 

carbon than is calculated through design modelling. The Intergovernmental Panel on Climate 

Change (2023) identified that improvements to housing are critical in order to reduce 

carbon emissions and adapt to climate change. The updated UK Climate Change Act of 2019 

mandates a 100% reduction of CO2 emissions by 2050 (Climate Change Act 2008). A POE 

study from Baborska-bŀǊƻȍƴȅΣ {ǘŜǾŜƴǎƻƴ ŀƴŘ DǊǳŘȊƛƵǎƪŀ όнлмтύ ǎƘƻǿǎ ǘƘŀǘ ƻǾŜǊƘŜŀǘƛƴƎ ƛƴ 

newly built homes has increased during the summer in the UK due to climate change and its 

effects. While there are adaptation strategies for concerns about ventilation, heating and 

cooling in housing, no POE studies have yet demonstrated how to future-proof homes such 

that they are fully resilient to physical and social changes, revealing a research gap in this 

area (Stevenson, 2019).  

Gill et al. όнлмлύ ŀǊƎǳŜ ǘƘŀǘ ƛƴƘŀōƛǘŀƴǘǎΩ ōŜƘŀǾƛƻǳǊǎΣ ŘǳŜ ǘƻ ǘƘŜƛǊ ǇƻƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ 

equipment in their homes and the complexity of the design, reduce housing performance. 
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Despite significant attention being paid to energy performance of housing at the design 

stage, Grandclément, Karvonen and Guy (2015) further develop the argument of Gill et al. 

(2010), indicating that understanding the occupation stage is key to achieving energy 

efficiency. This stage is not usually considered at the building design and implementation 

stages, creating an energy performance gap. Grandclément, Karvonen and Guy (2015) 

develop their argument by demonstrating the need for designing flexible housing to 

accommodate diverse inhabitants with different demographics, profiles and practices. 

However, no studies explore whether homes can carry on performing resiliently despite 

shocks and social changes. This raises the question about the extent to which housing 

ŘŜǾŜƭƻǇƳŜƴǘǎ ŀǊŜ ǎŜƴǎƛǘƛǾŜ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ŜƴŜǊƎȅ-related practices and 

how these interface with the key drivers of resilience: robustness, adaptation and 

redundancy.  

¢ƘŜ ǘŜǊƳǎ ΨƘƻǳǎŜΩ ŀƴŘ ΨƘƻƳŜΩ ƘŀǾŜ ŘƛŦŦŜǊŜƴǘ ƳŜŀƴƛƴƎǎΣ ōǳǘ ŀǊŜ ƻŦǘŜƴ ǳǎŜŘ ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅ 

ƛƴ ƘƻǳǎƛƴƎ ǎǘǳŘƛŜǎΦ wŜǎŜŀǊŎƘ ƻƴ ǘƘŜ ΨƘƻǳǎŜΩ Ƴŀƛƴƭȅ ŜȄŀƳƛƴŜǎ ǇƘȅǎƛŎŀƭ ŜƭŜƳŜƴǘǎ ǎǳŎƘ ŀǎ 

heating and cooling systems, building materials and appliances (Ellsworth-Krebs, Reid and 

Hunter, 2015). However, studies of the house generally do not pay attention to how 

inhabitants use energy, assuming that the house users are passive, rather than 

understanding the role of inhabitants (Shove and Walker, 2014; Ellsworth-Krebs, Reid and 

IǳƴǘŜǊΣ нлмрύΦ ΨIƻƳŜΩ ƛǎ ŀƴ ŀŎǘƛǾŜ ƴƻǳƴΣ Ŏƻƴǘƛƴǳƻǳǎƭȅ ŎƘŀƴƎƛƴƎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ 

ƛƴƘŀōƛǘŀƴǘǎΩ ǇƘȅǎƛŎŀƭ ŀƴŘ ǎƻŎƛŀƭ ƭƛǾŜǎΣ ŀƴŘ ǎƻŎƛŀƭ ŀƴŘ ŎǳƭǘǳǊŀƭ ŜȄǇŜŎǘŀǘƛƻƴǎ όaŀƭƭŜǘǘΣ нллпΤ 

Ellsworth-YǊŜōǎΣ wŜƛŘ ŀƴŘ IǳƴǘŜǊΣ нлмрύΦ {ǘǳŘƛŜǎ ŀōƻǳǘ ǘƘŜ ƘƻƳŜ ŜȄǇƭƻǊŜ Ƙƻǿ ƛƴƘŀōƛǘŀƴǘǎΩ 

routines and practices shape performance, how they manage their home, and how they use 

technology (Gupta and Chandiwala, 2010; Shove, Pantzar and Watson, 2012). Therefore, in 

ǘƘƛǎ ǊŜǎŜŀǊŎƘ ǘƘŜ ǘŜǊƳ ΨƘƻƳŜΩ ƛǎ ǳǎŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎƻŎƛŜǘŀƭ ΨƘƻǳǎƛƴƎΩ ŎƻƴǘŜȄǘ ǘƻ ōŜǘǘŜǊ 

ǳƴŘŜǊǎǘŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices in terms of social robustness, adaptation 

and redundancy. 

1.3 Social Housing in the UK 

In the late 19th century, social housing was primarily for working-class households, providing 

affordable and high-quality homes (Pearce and Vine, 2014). As home ownership became 

more accessible and a good investment for households, social housing became a viable 
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option for those who could not afford to access the private rental housing market (Pearce 

and Vine, 2014). Boomsma et al. (2017) refer to social housing as affordable housing that 

provides homes for people who cannot afford to buy their own homes. Social housing can 

also be defined as secure and decent homes for people who cannot afford private housing 

market prices in the UK (Tabatabaei Sameni et al., 2015). In the UK, the social housing sector 

is characterised by the institutional arrangements like state ownership and management, 

mainly serving low-income households (Stephens, Burns and MacKay, 2003). During the 

1950s, the social housing sector in the UK began to focus on selecting residents, usually 

prioritising those with urgent housing needs (Blackwell and Bengtsson, 2023). 

The private housing market in the UK does not adequately meet the demand for housing, 

leading groups, such as housing associations and local authorities, to take the initiative for 

social housing (Karakusevic, 2018). The social housing market can be seen as a direct 

provider of housing and is a growing industry with an increasing number of management 

bodies, like housing associations, adapting to political and economic changes (Reeves, 

2006). In the UK, housing associations act as developers and managers of properties, while 

local authorities (such as councils) provide cash grants to housing associations to plan and 

build social housing developments (Reeves, 2006). 

According to the Department for Levelling Up, Housing & Communities (2022), social 

ƘƻǳǎƛƴƎ ǊŜǇǊŜǎŜƴǘǎ мрΦт҈ ƻŦ ǘƘŜ ¦YΩǎ ōǳƛƭŘƛƴƎ ǎǘƻŎƪΣ ǿƛǘƘ ǘƘƛǎ ǇŜǊŎŜƴǘŀƎŜ ƛƴŎǊŜŀǎƛƴƎ ǘƻ мт҈ 

in the Yorkshire region. In 2022, 60% of social housing tenants rented their homes from a 

housing association, and the rest from local authorities (Department for Levelling Up, 

Housing & Communities, 2022). Figure 1.1 shows that social housing renters tend to stay in 

their homes longer than private renters. While owner-occupiers tend to live in their homes 

the longest, it is clear that social housing renters also have long tenures, averaging at least 

10 years, benefiting from the decent standard provided. 

This research focuses on social housing, where financial limitations (such as lower rents and 

tighter budgets) are a dominant factor in decision-making (e.g., during the planning stage). 

However, unlike the private rental sector, which may involve individual landlords making 

more fragmented decisions, social housing developments are managed by professional 

landlords such as housing associations or local authorities (Sunikka-Blank et al., 2012). These 
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organisations have more resources and a more formal decision-making structure, making it 

easier to implement decisions and policies (such as improving energy efficiency or 

retrofitting homes) within social housing compared to private landlords who may lack these 

capabilities (Sunikka-Blank et al., 2012).  

 

 
Figure 1.1 Average number of years in current home by tenure type from 2011 to 2022 
(adapted from the Department for Levelling Up, Housing and Communities, 2022) 

According to the National Housing Federation (2022) report, social housing renters have to 

ǎǇŜƴŘ мрΦр҈ ƻŦ ǘƘŜƛǊ ƛƴŎƻƳŜ ƻƴ ƘŜŀǘƛƴƎΣ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ƴŜŀǊƭȅ ǘǿƻ ƳƻƴǘƘǎΩ ǿƻǊǘƘ ƻŦ ǘƘŜƛǊ 

annual income. Upgrading social housing to the net zero energy efficiency standard by 2030 

could save inhabitants more than £700 million a year in heating costs, an average saving of 

£567 per household per year (National Housing Federation, 2022). Since the energy crisis 

and the increases in energy bills, having an energy-efficient home has become a significant 

and urgent need, particularly for low-income households living in social housing. Therefore, 

the social housing sector is a key subject to study to achieve the 2030 net zero energy 

target. 

!ŎŎƻǊŘƛƴƎ ǘƻ {ƘŜŦŦƛŜƭŘ /ƛǘȅ /ƻǳƴŎƛƭΩǎ όнлмоύ ƘƻǳǎƛƴƎ ǎǘǊŀǘŜƎȅ ǊŜǇƻǊǘΣ ǘƘŜ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ǎǘƻŎƪ 

is of higher quality than private sector housing, following the investment and improvement 

strategy in the city. {ƘŜŦŦƛŜƭŘΩǎ ǎǳǎǘŀƛƴŀōƭŜ ƛƴǾŜǎǘƳŜƴǘ ǎǘǊŀǘŜƎȅ ƛƴŎƭǳŘŜǎ ƳŀƛƴǘŀƛƴƛƴƎ ŘŜŎŜƴǘ 

standards in the long term. Additionally, the low-income households in social housing 
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developments need to have energy-efficient homes to reduce heating costs, as mentioned 

in the National Housing Federation report (2022). Thus, the researcher chose Sheffield as 

ǘƘŜ ŎŀǎŜ ǎǘǳŘȅ ǎƛǘŜ ǘƻ ŜȄǇƭƻǊŜ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ōŜƘŀǾƛƻǳǊǎ ŀƴŘ ŀŎǘƛǾƛǘƛŜǎ 

within social housing, and to understand if these social housing developments perform as 

designed. Additionally, Sheffield City Council (2024) has an ambition to reduce housing 

carbon emissions to net zero by 2030Φ IƻǿŜǾŜǊΣ ол҈ ƻŦ {ƘŜŦŦƛŜƭŘΩǎ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ 

currently come from domestic energy use, and to achieve this ambition, the amount of 

energy from domestic use needs to be reduced. Thus, doing research in Sheffield will help to 

explain how inhabitants use the energy-related equipment within their homes and increase 

understanding of how to reduce domestic energy use and achieve the 2030 net zero energy 

target. 

Achieving the net zero energy target is vital for reducing carbon emissions; however, there is 

still a need to understand the gap between the energy performance targets set during the 

design stage of new-build housing and their achievement in practice (Liang et al., 2018). This 

ŜƴŜǊƎȅ ǇŜǊŦƻǊƳŀƴŎŜ ƎŀǇ Ŏŀƴ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŦŀŎǘƻǊǎ ƛƴŎƭǳŘƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ ōŜƘŀǾƛƻǳǊΣ ǘƘŜ 

efficiency of systems in homes, and the thermal performance of the building materials 

όDǳǇǘŀ ŀƴŘ YƻǘƻǇƻǳƭŜŀǎΣ нлмуύΦ LƴƘŀōƛǘŀƴǘǎΩ ōŜƘŀǾƛƻǳǊΣ ƭƛŦŜǎǘȅƭŜ ŀƴŘ ǎƻŎƛƻ-economic status 

significantly impact energy use through their choices about using the heating and cooling 

systems, hot water and electricity (Yohanis et al., 2008; Steemers and Yun, 2009; Fuentes, 

Arce and Salom, 2018)Φ ¢ƘǳǎΣ ǘƘƛǎ ǘƘŜǎƛǎ ŀƛƳǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related 

practices within households and how these practices reflect resilience to have a better 

understanding of this energy performance gap. 

1.4 Research Gap and Research Questions 

tǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ƘŀǾŜ ƴƻǘ ŦƻŎǳǎŜŘ ƻƴ ǊƻōǳǎǘƴŜǎǎΣ ŀŘŀǇǘŀǘƛƻƴ ŀƴŘ 

redundancy together, nor have they explored the connection between these resilience 

ŘǊƛǾŜǊǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ƛŦ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ƛǎ ǎŜƴǎƛǘƛǾŜ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ǘƘŜƛǊ 

energy-related practices. Consequently, there is a need for a deeper understanding of 

ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ŜƴŜǊƎȅ-related practices and how these are interrelated with 

robustness, redundancy and adaptation as an opportunity for developing resilient social 

housing in the UK. 
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This research studies how inhabitants discuss their social rules in the household by 

examining energy-related practices to determine how robust, adaptable, and redundant the 

social housing is in terms of accommodating social changes related to energy use. These 

ŎƘŀƴƎŜǎ ƛƴŎƭǳŘŜ ǎƘƛŦǘǎ ƛƴ ƛƴƘŀōƛǘŀƴǘǎΩ Ƙŀōƛǘǎ ŀƴŘ ƪƴƻǿƭŜŘƎŜΣ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ƪƴƻǿƭŜŘƎŜ ŀƴŘ 

rules, the way inhabitants use their homes, and changing technologies. 

The above leads to the main research question and four sub-questions:   

Main research question: How can social housing performance be future-proofed through a 

ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ƛƴ ǘƘŜ ƘƻƳŜΣ ƛƴ ǘŜǊƳǎ ƻŦ ǊƻōǳǎǘƴŜǎǎΣ 

redundancy and adaptation within resilience over time? 

Sub-question 1: What are the main opportunities for and barriers to designing robust, 

adaptable and redundant social housing in the UK? 

Sub-question 2: What are the underlying factors of robustness, adaptation and redundancy 

in social housing developments? 

Sub-question 3: How do inhabitants discuss their energy-related practices in the household 

and how do these discussions interface with robustness, adaptation and redundancy in 

social housing design? 

Sub-question 4: How can social housing be future-proofed to become more robust, 

adaptable and redundant over time? 

1.5 Research Aim and Objectives 

The overall aim of this research is to explore and understand robustness, adaptation and 

ǊŜŘǳƴŘŀƴŎȅ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices in the household. To achieve 

this aim, the research has been structured around four specific objectives: 

Objective 1: Understand the state of the art of the discourse about robustness, adaptation 

and redundancy of social housing in the UK.  

Objective 2: Develop an understanding of underlying robustness, redundancy and 

adaptation in a selected social housing case study. 
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Objective 3: Explore and explain robustness, adaptation and redundancy of the selected 

ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ŘŜǎƛƎƴ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ŜƴŜǊƎȅ-related practices. 

Objective 4: Identify key insights for a new understanding of social housing robustness, 

ŀŘŀǇǘŀǘƛƻƴ ŀƴŘ ǊŜŘǳƴŘŀƴŎȅ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices in the 

household to help future-proof homes. 

1.6 Positionality of the Researcher 

tƻǎƛǘƛƻƴŀƭƛǘȅ ǊŜŦŜǊǎ ǘƻ ŀ ǊŜǎŜŀǊŎƘŜǊΩǎ ǿƻǊƭŘǾƛŜǿΣ ǎǘŀƴŘǇƻƛƴǘ ŀƴŘ ǎƻŎƛŀƭ ŎƻƴǘŜȄǘ ǿƘŜƴ 

conducting research (Coghlan and Brydon-Miller, 2014). As an architect from Turkey, my 

view on the resilience of social housing in the UK is shaped by my cultural background, 

professional training, and personal experiences in both the Turkish and international 

architectural contexts. I approached this research with the understanding that resilience is 

not just a technical challenge but a social, governmental and cultural issue. In considering 

resilience in social housing, I draw on the idea that architecture is both a reflection of and a 

response to the social landscape, which includes the lived realities of communities and the 

institutional structures that shape them. Therefore, I see resilience through a lens that 

respects not only physical durability in the face of climate change, but also social 

adaptability. 

aȅ ǎǘŀƴŘǇƻƛƴǘ ŀǎ ŀƴ ŀǊŎƘƛǘŜŎǘ ƛǎ ǘƘŀǘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ōŜƘŀǾƛƻǳǊǎ ǿƛƭƭ ƛƴŦƭǳŜƴŎŜ 

housing performance. In Turkey, social housing developments have been both a solution and 

ŀ ŎƘŀƭƭŜƴƎŜΤ ƛƴ Ƴȅ ǎǘǳŘȅ ŘǳǊƛƴƎ Ƴȅ ƳŀǎǘŜǊΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴ ƻǘƘŜǊ ǿƻǊƪǎΣ L ǿƛǘƴŜǎǎŜŘ ǘƘŜ 

complexities of providing affordable housing in rapidly urbanising regions such as Istanbul 

(Özen and Aksoy, 2021). My professional background emphasises the importance of 

ǊŜǎƛƭƛŜƴŎŜ ƛƴ ƘƻǳǎƛƴƎ ŘŜǎƛƎƴ ŀƴŘ ǘƘŜ ¦YΩǎ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ŎƻƴǘŜȄǘ ǇǊŜǎŜƴǘǎ ŀ ŘƛŦŦŜǊŜƴǘ ƳŜŀƴƛƴƎ 

of resilience compared to Turkey, where social housing is more subjected to policy debates 

around sustainability, funding cuts and community resilience (Karakusevic, 2018). My own 

experiences as a researcher, knowledge as a carrier of practices, and the time of data 

collection (which coincided with Covid-19) are considered mindfully throughout and made 

visible where appropriate. 
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As a researcher and an architect, my worldview is to understand the meaning behind human 

ōŜƘŀǾƛƻǳǊ ŀƴŘ Ƙƻǿ ǘƘƛǎ ƭŜŀŘǎ ǘƻ ǇŜƻǇƭŜΩǎ ŀŎǘƛƻƴǎ ŀƴŘ ǘƘŜ ǎƻŎƛŀƭƭȅ ŎƻƴǎǘǊǳŎǘŜŘ ƴŀǘǳǊŜ ƻŦ 

ΨǊŜŀƭƛǘȅΩΦ L ōŜƭƛŜǾŜ ǘƘŀǘ ǊŜŀƭƛǘȅ ƛǎ ƴƻǘ objective; it is shaped by human interactions and shared 

understandings. Thus, I embraced the interpretivist philosophical stance to emphasise the 

role of meaning and interactions in knowledge production, and to understand human and 

social reality (Crotty, 1998, p. 67; William, 2024). What the researcher observes is only a 

ǇŀǊǘƛŀƭ ǾƛŜǿ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǊŜŀƭƛǘȅ ƛƴ ŀ ǎǇŜŎƛŦƛŎ ǘƛƳŜŦǊŀƳŜΣ ŀƴŘ ƛƴǘŜǊǇǊŜǘƛƴƎ Řŀǘŀ ǎǳŎƘ ŀǎ 

ƛƴǘŜǊǾƛŜǿǎ όŜȄǇƭŀƛƴŜŘ ƛƴ {ŜŎǘƛƻƴ пΦтύ ƛǎ ŀƭǿŀȅǎ ƻǇŜƴ ǘƻ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ƻǿƴ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ 

knowledge (May and Perry, 2017). An entirely objective interpretation of data is not realistic, 

meaning that interpretive research is susceptible to misinterpretation or bias. This risk can 

be reduced by adopting a reflexive approach, which involves critically examining the 

ǊŜǎŜŀǊŎƘŜǊΩǎ ƻǿƴ ŀǎǎǳƳǇǘƛƻƴǎ ŀƴŘ ŜȄǇƭƻǊƛƴƎ ǇƻǘŜƴǘƛŀƭ ŀƭǘŜǊƴŀǘƛǾŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎ όaŀȅ ŀƴŘ 

Perry, 2017ύΦ Lƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ L ŀǇǇƭƛŜŘ {ŎƘƻƭǘŜΩǎ ƛŘŜŀƭ ƻŦ ǊŜŦƭŜȄƛǾƛǘȅΥ ΨǘƘŜǊŜ ƛǎΣ ƻǊ ǎƘƻǳƭŘ ōŜΣ ŀ 

discontinuity between experience and reality, and between the investigator and the object 

ƛƴǾŜǎǘƛƎŀǘŜŘΩ ό{ŎƘƻƭǘŜΣ мфтпΣ ǇΦ порύΣ ŀƴŘ ŀŎŎŜǇǘŜŘ ǘƘŜ ǇƻǿŜǊ ŘȅƴŀƳƛŎǎ ōŜǘǿŜŜƴ ƳȅǎŜƭŦ ŀǎ 

ǘƘŜ ǊŜǎŜŀǊŎƘŜǊ ŀƴŘ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ΨŎŀǊŜŦǳƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 

ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ǘƘƻǎŜ ōŜƛƴƎ ƛƴǾŜǎǘƛƎŀǘŜŘΩ ό9ƴƎƭŀƴŘΣ мффпΣ ǇΦ унύΦ 

1.7 Scope and Limitations 

This study was carried out in new-build social housing, as these homes are required to be 

ΨƎƻƻŘ-ǉǳŀƭƛǘȅΩ ƘƻƳŜǎ ǘƘŀǘ ŀǊŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘΣ ŎƻƳǇƭƛŀƴǘ ǿƛǘƘ ōǳƛƭŘƛƴƎ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ƘŀǾŜ 

improved air quality (Balaban and Puppim de Oliveira, 2017; Martiskainen and Kivimaa, 

2019). This study purposefully focused on social housing association homes, as this sector 

has been at the forefront of developing and managing good-quality and affordable homes 

and remains a major developer of new homes in the UK. This research was confined to a 

particular social housing association in Sheffield that adheres to UK building regulations, 

thereby eliminating the influence of policies from other countries. The selected social 

housing comprises low-rent homes, as these are typically occupied and rented by 

households with low incomes, potentially influencing their heating and ventilation practices. 

Research participants included inhabitants and design team members (project developer, 

project coordinator and architect) to enable consideration of both design intentions and the 

actual practices of inhabitants. In the present study, the majority of research participants 
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are over 50, mirroring the demographic profile of social renters in the UK. However, 

households with children are in the minority in this study, because the selected housing 

association primarily accommodates older people; therefore, this group represents a 

research gap for further research. 

1.8 Thesis Structure  

The overall research approach is illustrated in Figure 1.2, adapted from the research onion 

diagram by Saunders, Lewis and Thornhill (2009), and sets out an exploratory study of the 

research topic. A practice theory approach is adopted, taking Gram-IŀƴǎǎŜƴΩǎ όнлмлύ 

definition as the basis, using both inductive and abductive reasoning. The methodology 

adopted is mixed methods, using a case study approach. The case study design employs 

semi-structured interviews, usability survey, document study methods, and mapping, within 

ƻƴŜ ǘƛƳŜ ǇŜǊƛƻŘΦ ¢ƘŜ ŎŀǎŜ ǎǘǳŘȅ ƛǎ ǎŜƭŜŎǘŜŘ ǳǎƛƴƎ ŀƴ ΨƛƴŦƻǊƳŀǘƛƻƴ-ƻǊƛŜƴǘŜŘΩ ŀǇǇǊƻŀŎƘ ǘƻ 

ǇǊƻǾƛŘŜ ǘƘŜ ΨƳŀȄƛƳǳƳ ǾŀǊƛŀǘƛƻƴΩ ƻŦ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǊŜƭŜǾŀƴǘ ǘƻ ǘƘŜ ǊŜǎŜŀǊŎƘ ǘƻǇƛŎ ŀǎ ŘŜŦƛƴŜŘ 

in Section 4.3.1. Table 1.1 outlines the scope of each chapter and sets out the thesis 

structure. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.2 Research onion (adapted 
from Saunders, Lewis and Thornhill, 
2009) 
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Table 1.1 Thesis structure 

Thesis Chapter Chapter Content 

1 Introduction Context of climate change, housing problem in the UK, social 

housing in the UK 

Knowledge gap and research questions 

Research aim and objectives 

Scope of the study and limitations 

Thesis structure 

The following chapter locates the research topic in a wider 

context and the gap in the knowledge is evidenced. 

2 Resilience of 

Social Housing: 

State-of-the-art 

Critical review of literature, including existing research and 

government documents, related to social housing and heating 

and ventilation systems  

Research gap is explored and evidenced 

In the next chapter, the theoretical framework is explained with 

the reasons for the approach selected.   

3 The Practice 

Theory 

Framework 

Presenting the research approach and the reason for choosing 

practice theory 

The roots, development and continuing evaluation of practice 

theory 

Gram-Hanssen's definition of practice theory and elements of 

social practices as an analytical tool 

The following chapter explains the methodology adopted for 

this research and methods for investigating the gap in the 

knowledge, using the theoretical framework adopted. 

4 Methodology Methodological approach and rationale, data collection 

methods, data analysis methods 

The following chapter sets out the findings and analysis of the 

collected data that are related to the heating practices. 

5 Heating Practices 

in the Social 

Housing Case 

Study 

Analysis of heating practices in the selected case study, in terms 

of the framework described in Chapter 3, by looking at both the 

inhabitantǎΩ and design teamΩǎ perspective 

The following chapter sets out the findings and analysis of the 

collected data that are related to the ventilation practices. 

6 Ventilation 

Practices in the 

Analysis of ventilation practices in the selected case study in 

terms of using the framework described in Chapter 3, by 
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Social Housing 

Case Study 

looking at both the inhabitantǎΩ and design teamΩǎ perspective 

In the next chapter, the analysis of heating and ventilation 

practices of the inhabitants of social housing based on Chapters 

5 and 6, are discussed. 

7 Discussion Resilience matrix developed by the researcher is defined and 

discussed by using the analysis on the energy-related practices 

described in Chapters 5 and 6 

The interrelationship between the inhabitants and design team 

is discussed in terms of future-proofing policies for social 

housing 

In the final chapter, the research questions are answered by 

drawing on the findings, analysis and discussions. The 

contributions and limitations of the research are explained and 

directions for future work are suggested.  

8 Conclusion Aim and context of the research are summarised 

Key research findings and contributions to theory, knowledge, 

policy and practices are explained with reference to the 

literature and the themes in Chapter 7 

Recommendations for policy and practice 

Limitations and further research 

 
 

1.9 Summary 

This chapter has presented an overview of the research background. The housing problem in 

ǘƘŜ ¦Y ǿŀǎ ŜȄǇƭŀƛƴŜŘ ōȅ ƘƛƎƘƭƛƎƘǘƛƴƎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƘƻƳŜ ŜƴŜǊƎȅ ǳǎŜ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ 

energy-related practices within the home. Social housing in the UK was discussed to explain 

why the social housing provided by housing associations was the appropriate sector for this 

research. The research gap and research questions were identified. The research aim and 

objectives were presented, followed by the scope and limitations of the research. The 

overall research approach and thesis structure were illustrated in Section 1.6. The following 

chapter provides a critical review of the literature and evidences the knowledge gap. 
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CHAPTER 2: RESILIENCE OF SOCIAL HOUSING: STATE-OF-THE-ART 

2.1 Introduction 

The broader context for this research is the resilience of social housing and its relation to 

ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ŀƴŘ ǎƻŎƛŀƭ ŎƘŀƴƎŜΦ ¢Ƙƛǎ ŎƘŀǇǘŜǊ ǎŜǘǎ ƻǳǘ ǘƻ ǊŜǾƛŜǿ ŎǳǊǊŜƴǘ ƪƴƻǿƭŜŘƎŜ 

and policies in order to identify the gap in the literature. The theoretical underpinning of this 

research is then presented in Chapter 3. 

2.2 Definitions of Resilience 

2.2.1 Resilience in the Context of Climate and Socio-Economic Crisis 

Resilience is the capacity to resist or absorb the social, economic and environmental impacts 

of disruption and to recover from these impacts by maintaining stability and adapting 

flexibly to a new state or system (Walker et al., 2004; Tyler and Moench, 2012; van Zandt et 

al., 2012). The concept of resilience has been expanding and developing since the 1970s, 

when Holling (1973) defined it as the ability of systems to absorb disturbances while 

maintaining their functions. Resilience has also been described as the opposite of 

vulnerability, requiring flexibility, change and learning in urban, ecological and socio-

ecological systems (Tyler and Moench, 2012; Intergovernmental Panel on Climate Change, 

2022a). Biggs et al. (2012) further discuss resilience processes in socio-ecological systems 

and describe how communities interact with their environment and governance by 

exchanging information necessary to function and recover after disturbances.  

Ψ{ƻŎƛŀƭ ǊŜǎƛƭƛŜƴŎŜΩ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀƴ ǳƳōǊŜƭƭŀ ǘŜǊƳ ŜƴŎƻƳǇŀǎǎƛƴƎ ǘƘŜ ōŜƘŀǾƛƻǳǊǎΣ 

experiences and demands of people facing adversity (Ungar and Liebenberg, 2011). It can be 

enhanced by identifying underlying qualities and issues, and helping people cope with minor 

stressors and disturbances and serious environmental events more effectively (Fletcher and 

Sarkar, 2013; Grant and Kinman, 2014). Governments worldwide have recognised the need 

to empower communities and individuals, particularly in developing countries, to reduce the 

impact of floods, severe storms, pandemics and so on (Boon, Cottrell and King, 2016). This is 

crucial, as developing countries have fewer resources and lower budgets for recovery.  
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2.2.2 Framing Resilience in Housing Research 

The global surface temperature is projected to increase by 1.5°C over the 21st century 

(Intergovernmental Panel on Climate Change, 2022b). According to the Intergovernmental 

Panel on Climate Change (2021), heatwaves are likely to occur more often and last longer, 

and in many regions extreme events like storms and flooding will occur more intensely. The 

UK Climate Change Committee (2023) states that long-term plans to reduce the impacts of 

climate change include adapting buildings to have cooling and insulation measures. In 

addition, the global financial crisis of 2007/08 and the Covid-19 crisis that started at the end 

of 2019 both affected UK housing production and created space pressures for occupants in 

households (Earley, 2021). 

Ever since the oil crisis of the early 1970s, significant attention has been paid to increasing 

the energy performance of housing at the design stage, as noted by Painter (2014). 

However, many studies indicate that the occupation stage and how people actually use their 

homes are key to understanding how to achieve greater energy efficiency (Gill et al., 2010; 

Grandclément, Karvonen and Guy, 2015; Stevenson, 2019). Recently, the increasing focus on 

climate change has driven efforts to understand whether buildings and communities are 

resilient enough for the unpredictable events that might occur in the future. 

Having outlined key aspects of resilience in this section, it is next necessary to explore the 

state of the art in relation to the development of resilience in the context of housing. A 

literature review was undertaken to find all the relevant studies in relation to this field, 

synthesise the findings and identify research gaps (Jesson, Matheson and Lacey, 2011). This 

literature review first explored the latest developments and research in relation to the field 

of inquiry (Bettany-Saltikov and McSherry, 2016) and included:  

¶ Conducting a comprehensive search using all available information sources; 

¶ Creating a matrix of resilience drivers, including robustness, adaptation, and 

redundancy; 

¶ Listing the opportunities and barriers according to the literature review; 
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¶ Identifying key existing and potential social shocks and stresses related to occupancy 

change according to the literature review.  

The review included selected databases: Scopus, Web of Science and Science Direct. First, 

ǘƘŜ ƪŜȅǿƻǊŘ ΨǊŜǎƛƭƛŜƴŎŜΩ ǿŀǎ ǎŜŀǊŎƘŜŘ ƛƴ ǘƘŜǎŜ ŘŀǘŀōŀǎŜǎ ōŜǘǿŜŜƴ нлмн ŀƴŘ нлнн όǎŜŜ 

Figure 2.1). Over the past decade, the number of papers published about resilience has 

ƛƴŎǊŜŀǎŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅΦ ¢ƘŜ ƪŜȅǿƻǊŘǎ ΨǊŜǎƛƭƛŜƴŎŜ !b5 ƘƻǳǎƛƴƎΩ ǿŜǊŜ ǘƘŜƴ ǎŜŀǊŎƘŜŘ ƛƴ ǘƘŜ 

same databases and timeframe (see Figure 2.2). Figure 2.2 shows that the number of 

ǎŎƛŜƴǘƛŦƛŎ ǇŀǇŜǊǎ ǇǳōƭƛǎƘŜŘ ƻƴ ΨǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ƘƻǳǎƛƴƎΩ Ƙŀǎ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎ ƻǾŜǊ ǘƘŜ ƭŀǎǘ мл 

ȅŜŀǊǎΦ 5ŜǎǇƛǘŜ ŀ ǎƭƛƎƘǘ ŘŜŎǊŜŀǎŜ ƛƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇǳōƭƛǎƘŜŘ ǇŀǇŜǊǎ ƻƴ ΨǊŜǎƛƭƛŜƴŎŜΩ ƛƴ ǘƘŜ ²Ŝō 

ƻŦ {ŎƛŜƴŎŜ ŘŀǘŀōŀǎŜ ōŜǘǿŜŜƴ нлнм ŀƴŘ нлннΣ ǘƘŜǊŜ ǿŀǎ ǎǘƛƭƭ ŀƴ ƛƴŎǊŜŀǎŜ ŦƻǊ ΨǊŜǎƛƭƛŜƴŎŜ ŀƴŘ 

ƘƻǳǎƛƴƎΩ ƛƴ ǘƘŜ ǎŀƳŜ ŘŀǘŀōŀǎŜ ŘǳǊƛƴƎ ǘƘŀǘ ǇŜǊƛƻŘ όǎŜŜ CƛƎǳǊŜ нΦм ŀƴŘ CƛƎǳǊŜ нΦнύΦ 

 

 

 

 

Figure 2.1 bǳƳōŜǊ ƻŦ ǎŎƛŜƴǘƛŦƛŎ ŀǊǘƛŎƭŜǎ ŀōƻǳǘ ΨǊŜǎƛƭƛŜƴŎŜΩ ƛƴ {ŎƻǇǳǎΣ ²Ŝō ƻŦ {ŎƛŜƴŎŜ ŀƴŘ 
Science Direct databases from 2012 to 2022 
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The next stage of the literature review was to combine the key research terms with the 

actors and location (see Table 2.1). In order to reach more in-depth literature around the 

research aim, different combinations of key research terms were used, as shown in Table 

2.1. When the in-depth detailed hits were found, to exclude non-relevant articles, all titles 

and abstracts were read. After excluding non-relevant articles, the remaining articles were 

grouped to identify which areas of resilience had been covered, revealing the research gaps. 

Three key drivers of resilience were identified: robustness, redundancy and adaptation. 

These drivers were reviewed separately, and none of the studies covered all three drivers 

together in relation to resilience and social housing. Some key articles on resilience in UK 

housing from the last 10 years are presented in Table 2.2. These papers were selected 

because they are representative of resilience research in UK housing. 

 

 

 

 

Figure 2.2 bǳƳōŜǊ ƻŦ ǎŎƛŜƴǘƛŦƛŎ ŀǊǘƛŎƭŜǎ ŀōƻǳǘ ΨǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ƘƻǳǎƛƴƎΩ ƛƴ {ŎƻǇǳǎΣ ²Ŝō 
of Science and Science Direct databases from 2012 to 2022 
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Table 2.1 Search strategy string by combinations of keywords 

Terms Actors Location 

1- Resilience 6- Inhabitant 13- UK 

2- Hous* 7- Occupant  

3- Energy-use 8- User  

4- Behaviour 9- Resident  

 10- Dweller  

 11- Household  

 

5- Combine 1-4 using 
Ψ!b5Ω 

 

12- Combine 5 with 6-11 
ǳǎƛƴƎ Ψ!b5Ω 

 

14- Combine 5 - 12 - 13 
ǳǎƛƴƎ Ψ!b5Ω 

 

Table 2.2 Key representative studies about resilience in UK housing over the last 10 years 

Author Representative Articles Key Themes 

Gupta and Kapsali 
(2016) 

Empirical assessment of indoor air 
quality and overheating in low-carbon 
social housing dwellings in England, UK 

Resilience in terms 
of adaptation 

Behar (2016) 

A socio-technical perspective of 
ventilation practices in UK social 

housing with whole house ventilation 
systems; design, everyday life and 

change 

Resilience in terms 
of adaptation 

Gupta and Gregg 
(2018a) 

Assessing energy use and overheating 
risk in net zero energy dwellings in UK 

Resilience in terms 
of robustness and 

adaptation 

Baborska-Narozny 
and Stevenson (2015) 

Continuous mechanical ventilation in 
housing ς understanding the gap 

between intended and actual 
performance and use 

Resilience in terms 
of redundancy and 

adaptation 

Stevenson, Baborska-
Narozny and 

Chatterton (2016) 

Resilience, redundancy and low-
carbon living: co-producing individual 

and community learning 

Resilience in terms 
of redundancy  
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Jones et al. (2013) 
Assessing vulnerability, resilience and 

adaptive capacity of a UK Social 
Landlord 

Resilience in terms 
of robustness and 

adaptation 

Jones and Tanner 
(2017) 

Ψ{ǳōƧŜŎǘƛǾŜ ǊŜǎƛƭƛŜƴŎŜΩΥ ǳǎƛƴƎ 
perceptions to quantify household 
resilience to climate extremes and 

disasters 

Resilience in terms 
of robustness and 

adaptation 

Brierley (2021) 
Fresh air and low-carbon: a practice 

approach to maintaining home 
ventilation 

Resilience in terms 
of robustness 

 

Gupta and Kapsali (2016) analysed qualitative and quantitative data related to energy 

performance, occupant feedback, environmental conditions and adaptation. Their findings 

reveal that indoor environmental conditions in dwellings are determined not only by the 

building systems and fabric, but also by the interactions of inhabitants with these systems. 

They note a lack of adjustability in the systems, such as usable home user guides or usable 

controls for energy systems in the home, hindering adaptation. They argue that the disparity 

ōŜǘǿŜŜƴ ŘŜǎƛƎƴ ƛƴǘŜƴǘƛƻƴǎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛǎ ŀ ƪŜȅ ǊŜŀǎƻƴ ŦƻǊ ǘƘŜ 

performance gap in terms of energy and environment. However, they do not cover the 

robustness and redundancy aspects of resilience.  

Behar (2016) also focuses on the adaptation and social practice theory in her thesis on the 

ventilation practices within low-energy social housing in the UK. Her key finding is that 

ƛƴƘŀōƛǘŀƴǘǎ Řƻ ƴƻǘ ŀƭǿŀȅǎ Ŧƻƭƭƻǿ ǘƘŜ ŘŜǎƛƎƴ ƛƴǘŜƴǘƛƻƴǎΦ ²ƘƛƭŜ ǎƻƳŜ ƻŦ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ 

ventilation practices slowly adapt to changes in ventilation systems, others are unpredictable 

ƛƴ ŀŘŀǇǘƛƴƎ ǘƻ ǘƘŜǎŜ ŎƘŀƴƎŜǎΦ .ŜƘŀǊΩǎ ǘƘŜǎƛǎ ŜƳǇƘŀǎƛǎŜǎ ŘƻƳŜǎǘƛŎ ǾŜƴǘƛƭŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎ ƻŦ 

inhabitants and their adaptability to design intentions, but does not address robustness and 

ǊŜŘǳƴŘŀƴŎȅΦ {ƘŜ ƳŜƴǘƛƻƴǎ ǘƘŀǘ ƛǘ ǿƻǳƭŘ ōŜ ōŜƴŜŦƛŎƛŀƭ ǘƻ ƭƻƻƪ ŀǘ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ōȅ 

using alternative qualitative methods to find out more about their daily lifestyles.  

Similarly, Gupta and Gregg (2018a) explore energy use and overheating risks in net zero 

energy housing using the adaptive comfort methodology. They conducted climate change 

simulations and analysed the energy end use for different climate projections to improve 
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next-generation housing despite extreme conditions. Their study focuses on the adaptive 

measures of technologies in the home and physical robustness to improve housing as the 

climate warms. However, they do not cover redundancy aspects or other energy-related 

practices beyond overheating.  

Baborska-Narozny and Stevenson (2015) conducted a building performance evaluation 

study, particularly focusing on mechanical ventilation in two UK low-carbon housing 

developments, by using practice theory related to adaptation and redundancy. They found 

that, despite the adjustments to the ventilation systems, most inhabitants still rely on hybrid 

ventilation as a backup. To increase the success of interactions with mechanical ventilation 

ǎȅǎǘŜƳǎ ƛƴ ƘƻƳŜǎΣ ǘƘŜ ǳǎŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ŎƻƴǘǊƻƭǎ ǎƘƻǳƭŘ ŀƭƛƎƴ ǿƛǘƘ ǳǎŜǊǎΩ ŜȄǇŜŎǘŀǘƛƻƴǎΦ 

Their study does not cover robustness or energy-related practices besides ventilation. 

Similarly, the study of Stevenson, Baborska-Narozny and Chatterton (2016) introduces the 

concept of redundancy in low-carbon cohousing practice and makes recommendations for 

various stakeholders to future-proof housing developments.  

A recent study on reducing carbon emissions in response to climate change was conducted 

ǘƘǊƻǳƎƘ .ǊƛŜǊƭŜȅΩǎ όнлнмύ ǘƘŜǎƛǎΣ ǿƘƛŎƘ ŀŘŘǊŜǎǎŜǎ ǘƘƛǎ ƛǎǎǳŜ ōȅ ŜȄŀƳƛƴƛƴƎ ǘƘŜ ƭƻƴƎ-term 

maintenance of ventilation systems in low-energy housing association homes in England. 

She adopted a practice theory approach to comprehend the complexity of maintenance 

practices and the various ways they are shaped, bundled and constrained within low-energy 

homes. Her work provides a new perspective on ventilation practices and the challenges to 

effective maintenance in these homes. While this study focuses on existing ventilation 

ƳŀƛƴǘŜƴŀƴŎŜ ǇǊŀŎǘƛŎŜǎΣ .ǊƛŜǊƭŜȅΩǎ ǊŜǎŜŀǊŎƘ ŘƻŜǎ ƴƻǘ ŎƻǾŜǊ Ƙƻǿ ǘƘŜǎŜ ǇǊŀŎǘƛŎŜǎ ŜǾƻƭǾŜ ƛƴ 

response to changing inhabitant behaviour, policy shifts or emerging technologies. 

Lƴ ǎǳƳƳŀǊȅΣ ǘƘŜǎŜ ǇŀǇŜǊǎ ŦƻŎǳǎ ƻƴ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ǊŜƭŀǘŜŘ ǘƻ ŘƛŦŦŜǊŜƴǘ ŀǎǇŜŎǘǎ ƻŦ 

resilience, but do not link these resilience drivers together in relation to social housing. To 

future-proof homes, the nexus between robustness, redundancy and adaptation in terms of 

ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices needs to be revealed.  
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2.2.3 Cross-Disciplinary Understandings of Resilience 

A number of scholars from a diverse range of disciplines, including ecology, engineering, 

social sciences and economics, have reviewed the concept of resilience (see Table 2.3). In 

terms of engineering, resilience is the ability of a material or a system to withstand change 

and continue to function (Porter, Steele and Stone, 2018). In ecological studies, resilience is 

the ability to function even if there is a change and disturbance to the ecosystem (Holling, 

1973). The ecological perspective of resilience differs from the engineering perspective 

because ecological resilience measures the extent of disturbance before there is a change in 

the ecosystem (Cretney, 2014). Adger (2000) and Shaw (2012) describe resilience as the 

ability to change, evolve and learn, rather than continuing to do the same thing. Porter, 

Steele and Stone (2018) define resilience from a housing studies perspective, suggesting that 

adaptation is a critical indicator of resilience that explains how well a system can withstand 

disturbances. This argument is crucial because extreme events, such as Covid-19, affect both 

the housing system and the inhabitants living in it. 

Table 2.3 Resilience definitions in different fields 

Author Research Area Definition 

Holling (1973) Ecological studies 

Stability and the ability to 
function even if there is a 
change and disturbance to 

the ecosystem 

Adger (2000) 
Social and ecological 

studies 

The ability of individuals 
and social groups to 

withstand external shocks 
and stresses 

Hollnagel (2010) Engineering studies 

The ability to respond to 
events by estimating 
possible threats and 

opportunities 

Duval, Elmeskov and Vogel 
(2011) 

Economics studies 
The ability to pursue 

output close to potential 
after a shock 
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Author Research Area Definition 

Hassler and Kohler (2014) Housing studies 

A bridge between the 
implementation of 

sustainability targets and 
adaptation to shocks and 

stresses 

Schwarz (2018) Psychological studies 

The responsibility of an 
individual to behave in a 
way that influences his or 

her life course while 
avoiding threats 

 

Hassler and Kohler (2014) and Moffatt (2014) indicate that sustainability and resilience are 

concepts that change according to differences in scale, such as building, neighbourhood or 

city scale, allowing the long-term development of the built environment, innovation in 

timing, and approaches such as planning and design to adapt to changing conditions. 

According to Berkes, Johan and Folke (2003), the concept of resilience can also be viewed as 

an analytical tool that can be used to retain sustainability despite change. Hassler and 

Kohler (2014) similarly identified resilience as a bridge between the implementation of 

sustainability targets and adaptation to shocks and stresses. Despite the stresses and 

problems, a resilient community is one that reacts to these stresses in a positive way 

(Garrefa et al., 2021). 

The ongoing development of resilience as a concept within built environment research is 

supported by the ongoing sustainability debate, climate change research, and the 

awareness of increased risks (Hassler and Kohler, 2014). Resilience has become a positive 

indicator for communities where various factors, such as social and physical changes, harm 

the well-being of the occupants (Stollmann, 2016). According to Tyler and Moench (2012), 

increasing the resilience of urban environments involves reducing the fragility of the 

systems (e.g., water and food supply, power networks, transportation, communication) by 

adapting them, enhancing the capacities of social agents to develop adaptive responses, and 

determining the institutional factors (e.g., social injustices) that prevent effective responses. 

Resilience can also integrate the ability of housing to respond to change and crisis through 

housing policy discourse (Pablo, Littleton and London, 2024).  
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Given these definitions of resilience in different fields, the role of resilience in shaping 

housing developments becomes increasingly critical. Social housing, in particular, is at the 

intersection of socio-economic constraints and policy-driven interventions (Blackwell and 

Bengtsson, 2023). Understanding how resilience affects social housing is essential for 

evaluating the lived experiences of inhabitants and the effectiveness of housing policies. The 

following section explores resilience as a concept that addresses social, environmental and 

economic contexts within social housing. 

2.3 Resilience as a Multifaceted Concept 

Resilience is a multifaceted concept that is viewed through social, environmental and 

economic lenses (McCarthy et al., 2011). These dimensions help explain resilience in a 

holistic way, particularly in relation to housing, by emphasising social integration, 

affordability and improvements in energy efficiency (Tsenkova, 2021). This section explains 

what resilience means in different domains and how these contexts interact within social 

housing. By examining these contexts, this thesis aims to contribute to a more 

comprehensive understanding of resilience, emphasising energy practices within housing 

research. 

2.3.1 Social Context 

The social impact of resilience is predominantly explored in social-ecological studies. Folke et 

al. (2003) highlights key social features that are essential for the resilience of social-

ecological systems, such as monitoring and responding to environmental feedback, enabling 

legislation and social networks. However, it is unclear whether these social features play a 

similarly significant role in the resilience of housing systems. Social aspects of resilience are 

very useful when there is a need for more understanding of the capacities of individuals and 

communities to cope with change (Brown and Westaway, 2011); however, Brown (2014) 

notes that social factors, particularly power dynamics and social differences, lack adequate 

recognition in social science disciplines. Maclean et al. (2017) describe resilience as a 

process rather than an outcome, highlighting social impacts such as flexibility, adaptive 

capacity and durability. Baldwin and King (2018) look at the social impacts of resilience using 

ŀ ŘƛŦŦŜǊŜƴǘ ŀǇǇǊƻŀŎƘΣ ǎǘŀǘƛƴƎ ǘƘŀǘ ƛǘ ƛƴǾƻƭǾŜǎ ΨǇŜƻǇƭŜΩ ŀƴŘ ŦƻŎǳǎƛƴƎ ƻƴ Ƙƻǿ ǇŜƻǇƭŜ 

communicate with and behave towards each other, and their everyday behaviours.  



 23 

Conducting research and experiments on social housing sites can be a strategic way to 

increase quality and efficiency, set new standards, and aid recovery from a crisis such as 

Covid-19 (Brai, Mangialardi and Scarpelli, 2022). According to a United Nations Human 

wƛƎƘǘǎ ǊŜǇƻǊǘΣ ƘƻǳǎƛƴƎ ōŜŎŀƳŜ ΨǘƘŜ ŦǊƻƴǘ-ƭƛƴŜ ŘŜŦŜƴŎŜ ŀƎŀƛƴǎǘ ŎƻǊƻƴŀǾƛǊǳǎΩΣ ŜƳǇƘŀǎƛǎƛƴƎ ǘƘŜ 

importance of access to adequate and resilient housing (United Nations Human Rights, 

2020). The Covid-мф ǇŀƴŘŜƳƛŎ ŎŀǳǎŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ ΨǎǘŀǘŜΩ ƻŦ ǘƘŜ ƘƻǳǎƛƴƎ 

system: households improvised to enable their homes to function as places to work and 

study (for example, by creating home offices), and cooking and eating at home increased 

(Pablo, Littleton and London, 2024). These diverse perspectives indicate that resilience in 

housing should be viewed as extending beyond physical infrastructure and should instead be 

examined through the lived experiences and social dynamics of its inhabitants. 

This study primarily focuses on the social impacts of resilience in social housing due to the 

need for greater understanding of the social aspects in housing and energy studies. 

However, this study also touches on the environmental and economic aspects that affect 

housing and participants where relevant. 

2.3.2 Environmental Context 

This section discusses the key environmental impacts that affect social housing. Climate 

change and extreme weather events, such as heatwaves and flooding, necessitate high-

quality homes with adequate space and equipment, and without negative externalities, 

specifically in the social housing sector, where residents are more vulnerable to these 

extreme events (UN-Habitat, 2009; Climate Change Committee, 2023). Different regions 

experience natural hazards at different levels, influenced by climate change and the severity 

of their impact can depend on local housing management plans (Moghim and Garna, 2019). 

Moghim and Garna (2019) state that the environmental context of resilience includes the 

impacts of disasters such as flooding, earthquakes, extreme temperatures, and landslides, 

and the ability to recover from these impacts. Vulnerable communities are more susceptible 

to the negative effects of these extreme events due to improper management policies (Huq 

et al., 2007; Baker, 2012). 

Housing is one of the main sectors that suffers the consequences of global warming, but it 

also has great potential to reduce these impacts (United Nations Environment Programme, 
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2022). Webster and Bogunovich (2021) state that planning, designing and using housing 

effectively will determine energy consumption and greenhouse gas emissions, meaning 

there is a need for housing that is not only affordable, but also resilient to the consequences 

of climate change. Research indicates that energy is invisible to the households who have 

little or no awareness of how the energy is generated, thus they are not aware of and do not 

consider the increased energy consumption of their homes (Sherriff et al., 2019; Ambrose, 

2020). 

This thesis explores the environmental context concerning the negative effects of climate 

change on social housing and how this impacts the energy-related practices of its 

inhabitants.  

2.3.3 Economic Context 

The Covid-19 pandemic and the energy crisis following the war in Ukraine have put the UK's 

energy system under pressure, resulting in high energy prices with increased vulnerability of 

the population (International Energy Agency, 2022b; Burlinson et al., 2024). For instance, 

Guan et al. (2023) state that low-income households and vulnerable groups like pensioners 

face a difficult choice between paying for energy and other necessities, thus it is necessary 

to mitigate the increased energy costs (Deller, Turner and Waddams Price, 2021). 

Additionally, the rising costs of both owner-occupier and rental housing is an area of concern 

for vulnerable populations, as they are likely to suffer from a lack of access to quality and 

affordable housing (Rowley et al., 2023). According to Burlinson et al. (2024), one of the 

economic impacts related to the energy crisis is the affordability of household bills, which 

ŘƛǊŜŎǘƭȅ ŀŦŦŜŎǘǎ ƛƴƘŀōƛǘŀƴǘǎΩ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ŀƴŘ ǿŜƭƭ-being.  

Improving the resilience of housing infrastructure across its lifespan whilst considering 

different household demographics is essential for designing more liveable housing for the 

future, as it might be difficult for some households, such as pensioners, to pay for costly 

renovations (Kraatz, 2018). However, policy interventions that protect consumers from price 

shocks and the availability of unconditional financial support might lead some households 

(particularly those who can afford to pay for the energy prices) to not adjust their 

consumption behaviours (Burlinson et al., 2024). 
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This study focuses on the economic impacts related to increased energy bills due to Covid-19 

and the energy crisis, examining how these factors affect inhabitantsΩ energy-related 

practices. To summarise, this thesis highlights the critical need to understand the social 

context of resilience within social housing, particularly in housing and energy studies. While 

the main focus is on social resilience, this thesis also acknowledges the interconnected 

nature of resilience by considering environmental and economic contexts where relevant. 

The following section highlights the importance of resilience drivers in shaping how social 

housing and its inhabitants respond to external disruptions. 

2.4 Resilience Drivers in Social Housing 

Adger (2000) emphasises resilience as an important factor for adapting to environmental 

change. A similar approach is proposed by Maguire and Cartwright (2008), who examine 

resilience across three dimensions: stability, recovery and transformation. These dimensions 

show that, when subjected to environmental changes, a community can either withstand 

minor disruptions, recover from more severe ones, or fail to be resilient. However, these 

dimensions often overlook the dynamic change of communities through transformational 

resilience, where people learn from their experiences and adapt these experiences to their 

everyday lives, thus responding to change adaptively. Therefore, a deeper understanding of 

robustness, adaptation and redundancy is needed to understand how people respond to 

extreme events, and how this relates to home energy use. This section explains how the 

multifaceted concept of resilience is actively maintained and strengthened through its key 

drivers. 

2.4.1 Robustness 

According to Anderies et al. (2013), robustness is typically associated with consistency or 

precision in the designed systems or algorithms, such as robust control systems or robust 

decision algorithms. In these computational contexts, robustness captures the idea that 

some computational methods work well even if the information about the system is 

incomplete. Applied to the housing context, robustness can be defined as reduced sensitivity 

to shocks and stresses (Anderies et al., 2013).  
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wƻōǳǎǘƴŜǎǎ ƛǎ ŀ ŘǊƛǾŜǊ ƻŦ ǊŜǎƛƭƛŜƴŎŜ ǘƘŀǘ ŀƛƳǎ ǘƻ Ƴŀƛƴǘŀƛƴ ŀ ōǳƛƭŘƛƴƎΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƻǾŜǊ ƛǘǎ 

lifespan (Anderies, 2014; Kotireddy, Hoes and Hensen, 2018). It is further defined as the 

ŀōƛƭƛǘȅ ǘƻ ǎǳǎǘŀƛƴ ŀ ōǳƛƭŘƛƴƎΩǎ ŜƴŜǊƎȅ ǇŜǊŦƻǊƳŀƴŎŜ ŀǘ ǘƘŜ ǇǊŜŦŜǊǊŜŘ ƭŜǾŜƭ ŘŜǎǇƛǘŜ ŜȄǘǊŜƳŜ 

conditions, and the ability to withstand shocks, such as heatwaves (Buso et al., 2015). 

Kotireddy, Hoes and Hensen (2018) support this principle by defining robustness as the 

ōǳƛƭŘƛƴƎΩǎ ŎŀǇŀōƛƭƛǘȅ ƻŦ ǇŜǊŦƻǊƳƛƴƎ ŀǘ ǘƘŜ ǇǊŜŦŜǊǊŜŘ ƭŜǾŜƭ ƛƴ ǘƘŜ ŦŀŎŜ ƻŦ ǎƻŎƛŀƭ ŎƘŀƴƎŜǎ ŀƴŘ 

ŘƛŦŦŜǊŜƴǘ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ƻŎŎǳǊǊƛƴƎ ŘǳǊƛƴƎ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ƻǇŜǊŀǘƛƻƴΦ Tuohy (2009) defines 

robustness in the building performance context as the ability to withstand uncertainties and 

ǘƘƛǎ ǎǘǳŘȅ ŀŘŘǊŜǎǎŜǎ ǘƘŜ ƎŀǇǎ ƛƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŦǊŀƳŜǿƻǊƪǎ ōȅ ŎƻƴǎƛŘŜǊƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ 

behaviour and climate change. Similarly, Loonen et al. (2017) evaluate robustness of 

ōǳƛƭŘƛƴƎǎΩ ŜƭŜƳŜƴǘǎ ƛƴ ǘŜǊƳǎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ōŜƘŀǾƛƻǳǊ ŀƴŘ ŎƘŀƴƎƛƴƎ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎΦ 

Robustness is also highlighted in the building performance gap studies of Fawcett et al. 

(2012) and de Wilde (2014), who define robustness as reducing the performance gap 

between the predicted and actual energy performance by ensuring the predicted 

ǇŜǊŦƻǊƳŀƴŎŜ ƻǾŜǊ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ƭƛŦŜǎǇŀƴΦ wƻǳƭŜŀǳΣ DƻǎǎŜƭƛƴ ŀƴŘ .ƭŀƴŎƘŜǘ όнлмфύ ƛƴǾŜǎǘƛƎŀǘŜ 

robustness from a different perspective and define a non-robust building as one that 

ǇŜǊŦƻǊƳǎ ŘƛŦŦŜǊŜƴǘƭȅ ǘƘŀƴ ǇǊŜŘƛŎǘŜŘΣ ƻŦǘŜƴ ŘǳŜ ǘƻ ƴƻǘ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ƻŎŎǳǇŀƴǘǎΩ 

behaviour when measuring the energy performance of buildings.  

For the purposes of this study, rƻōǳǎǘƴŜǎǎ ƛǎ ŘŜŦƛƴŜŘ ŀǎ Ψthe ability to maintain the preferred 

ƘƻǳǎƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ŘŜǎǇƛǘŜ ǎƻŎƛŀƭ ŎƘŀƴƎŜǎ ƻǾŜǊ ǘƛƳŜΩΦ Lƴ ǘƘƛǎ ǘƘŜǎƛǎΣ ŀ ǎǘǳŘȅ ƻŦ ǘƘƛǎ ǘȅǇŜ ƻŦ 

robustness is needed to understand whether energy systems in the home (e.g., heating and 

ventilation systems) can withstand sudden shocks and social changes. 

2.4.2 Adaptation 

Adaptation focuses on measuring function in relation to crisis and dynamic possibilities 

όtƻǊǘŜǊΣ {ǘŜŜƭŜ ŀƴŘ {ǘƻƴŜΣ нлмуύΦ ¢ǊŀŘƛǘƛƻƴŀƭƭȅΣ ŀŘŀǇǘŀǘƛƻƴ ǊŜŦŜǊǎ ǘƻ ŀŘƧǳǎǘƳŜƴǘǎ ƛƴ ŀ ǎȅǎǘŜƳΩǎ 

behaviour and characteristics that increase its ability to overcome external shocks and 

stresses (Brooks, 2003). The term adaptation has also been developed further through social 

sciences to include the capacity of individuals and groups acting to affect resilience, either 

intentionally or unintentionally (Walker et al., 2004). According to Adger, Arnell and 

Tompkins (2005), adaptation can also protect economic well-being or improve safety to 
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benefit the individual or the community. These authors explain that a successful adaptation 

strategy, however, depends on how the action meets the objectives and the ability of 

achieving the adaptation goal in response to social changes. Gupta and Gregg (2018a) 

describe adaptation as an adjustment to reduce the impacts of physical and social changes. 

Garrefa et al. (2021) also argue that sustainability should be an objective that guides the 

actions of adaptation towards resilience. Brooks (2003) and Maguire and Cartwright (2008) 

suggest that adaptation should allow actions to reduce vulnerabilities, and Chatterton 

(2015ύ ŘŜǎŎǊƛōŜǎ Ƙƻǿ ΨŎƻƭƭŜŎǘƛǾŜ ƭŜŀǊƴƛƴƎΩ Ǉƭŀȅǎ ŀ ƳŀƧƻǊ ǊƻƭŜ ƛƴ ǘŜǊƳǎ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ƘƻǳǎƛƴƎ 

performance.  

CƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ ŀŘŀǇǘŀǘƛƻƴ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ΨǘƘŜ ŀōƛƭƛǘȅ ŦƻǊ ƭƻƴƎ-term learning to 

ƻǾŜǊŎƻƳŜ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ǎƻŎƛŀƭ ǎƘƻŎƪǎ ŀƴŘ ǎǘǊŜǎǎŜǎΩΦ ¢Ƙƛǎ ǘƘŜǎƛǎ ŎƻƴǎƛŘŜǊǎ ǎƻŎƛŀƭ ŀŘŀǇǘŀōƛƭƛǘȅ 

to understand how adaptable the home is in relation to social changes, involving a three-way 

relationship among inhabitants, discussions and homes. For example, an individual is in the 

habit of keeping the boiler on during the night and off during the day, and he also discusses 

the boiler with his partner. However, something happens to change his habit and he starts to 

keep the boiler on all day, increasing the energy usage in the home. The social adaptability 

ŎƻƴǎƛŘŜǊŜŘ ƘŜǊŜ ŘŜǇŜƴŘǎ ƻƴ Ƙƻǿ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ Ƙŀōƛǘǎ ŀŦŦŜŎǘ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ 

home to adapt.   

2.4.3 Redundancy 

Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǊŜǎƛƭƛŜƴŎŜΣ ǘƘŜ ǘŜǊƳ ΨǊŜŘǳƴŘŀƴŎȅΩ ƛǎ Ƴƻǎǘ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ƛƴ ŜŎƻƭƻƎƛŎŀƭ 

resilience studies. In an ecosystem, if one species goes extinct, other species with similar 

roles can continue to function and maintain the stability of the ecosystem; this is called 

functional redundancy (Walker, 1992; Morelli and Tryjanowski, 2016). Functional 

redundancy is also used in housing studies, where housing can be seen as an ecosystem that 

has different organisms within it that take on different functions. In housing, different pieces 

of equipment can perform similar functions; for example, shading, windows, doors, 

photovoltaic lighting, blinds, etc., can provide similar functions of ventilation, heating, 

cooling, etc., that can take over if a piece of equipment fails. For instance, mechanical 

ventilation and windows are different types of equipment in the home, but they perform the 
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same function of ventilation. If the mechanical ventilation fails, windows can continue to 

provide ventilation in order to maintain the performance of home. 

The role of redundancy is critical for housing communities and low-carbon living due to the 

poor resilience of housing generally (Maguire and Cartwright, 2008; Stevenson, Baborska-

bŀǊƻȊƴȅ ŀƴŘ /ƘŀǘǘŜǊǘƻƴΣ нлмсύΦ hƴŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǊŜŘǳƴŘŀƴŎȅ ƛǎ ΨǘƘŜ ŜȄǘǊŀ ŎŀǇŀŎƛǘƛŜǎ 

available to a housing community, compared with a single individual, to help them adapt 

ŀƴŘ ƪŜŜǇ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜƛǊ ƘƻƳŜ ŜƴǾƛǊƻƴƳŜƴǘǎ ƛƴ ŀ ƳƻǊŜ ǊŜǎƛƭƛŜƴǘ ǿŀȅΩ ό{ǘŜǾŜƴǎƻƴΣ .ŀōƻǊǎƪŀ-

Narozny and Chatterton, 2016, p. 790). Middlemiss and Parrish (2010) highlight that 

ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǳǎŜ ƻŦ ǊŜŘǳƴŘŀƴŎȅ ŜŦŦŜŎǘƛǾŜƭȅ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƻŎŎǳǇŀƴǘǎΩ ǇŜǊǎƻƴŀƭ ŀƴŘ ǎƻŎƛŀƭ 

experiences. Petcou and Petrescu (2015) argue that the residents themselves can propose 

alternative solutions and test their self-management and self-production of a project. These 

ΨŀƭǘŜǊƴŀǘƛǾŜǎΩ ŀǊŜ ŀ ƳŜŀƴǎ ƻŦ ŜǎǘŀōƭƛǎƘƛƴƎ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ŦǳƴŎǘƛƻƴŀƭ ǊŜŘǳƴŘŀƴŎȅ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ 

home and within a community, for example, by using solar energy generation, rainwater 

collection and compost-ǇƻǿŜǊŜŘ ƘŜŀǘƛƴƎ ŀǎ ΨŀƭǘŜǊƴŀǘƛǾŜǎΩ ŦƻǊ ƘŜŀǘƛƴƎΣ ǿŀǘŜǊ-use and energy 

consumption. Stevenson, Baborska-Narozny and Chatterton (2016) also argue that social 

diversity is another major aspect of redundancy in the community-based Low Impact Living 

Affordable Community (LILAC) field study. In this study, the housing development has 

developed a considerable amount of physical and social redundancy to enable its occupants 

to achieve the goal of low-impact living (Biggs et al., 2012). While social, economic and 

ǇƘȅǎƛŎŀƭ ŀǎǇŜŎǘǎ ƻŦ ǊŜŘǳƴŘŀƴŎȅ ŀǊŜ ŎǊǳŎƛŀƭ ŦƻǊ ŦǳǘǳǊŜ ƘƻǳǎƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘǎΣ ΨƻǾŜǊ-

ǊŜŘǳƴŘŀƴŎȅΩ Ƴǳǎǘ ōŜ ŀǾƻƛŘŜŘ ǘƻ ǇǊŜǾŜƴǘ ǳƴƴŜŎŜǎǎŀǊȅ ŎƻǎǘǎΣ ŜƴŜǊƎȅ ƭƻǎǎ ŀƴŘ ƻŎŎǳǇŀƴǘ 

confusion (Stevenson, Baborska-Narozny and Chatterton, 2016).  

For the purpose of this study, rŜŘǳƴŘŀƴŎȅ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ΨƘŀǾƛƴƎ ŀƭǘŜǊƴŀǘƛǾŜ ƻǇǘƛƻƴǎ ŀǾŀƛƭŀōƭŜ 

that have similar functions, in order to maintain housing performance (if one of the 

alternatives fails) for future proofing, and for its inhabitants to maintain a low-impact 

ƭƛŦŜǎǘȅƭŜΩΦ  

Examining resilience in social housing through robustness, adaptation and redundancy is 

essential, as these key drivers determine the effectiveness of housing energy systems and 

ǘƘŜƛǊ ƛƴƘŀōƛǘŀƴǘǎΩ ǊŜǎǇƻƴǎŜǎ ǘƻ ŜȄǘŜǊƴŀƭ ŘƛǎǊǳǇǘƛƻƴǎΦ LƴƘŀōƛǘŀƴǘǎ ƻŦ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ƻŦǘŜƴ ŦŀŎŜ 

heightened vulnerabilities due to having financial constraints and being an ageing 
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population that is more susceptible to external shocks such as climate change and energy 

crises (Stephens, Burns and MacKay, 2003; Boomsma et al., 2017). By analysing the energy-

related practices of inhabitants and their social housing in relation to these key drivers of 

ǊŜǎƛƭƛŜƴŎŜΣ ǘƘƛǎ ǎǘǳŘȅ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ŀ ŘŜŜǇŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ƭƻƴƎ-term 

learning adaptability (adaptation), the ability of energy systems to withstand disruptions and 

social changes (robustness), and the ability to maintain housing functionality and 

ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ōȅ ƘŀǾƛƴƎ ŀƭǘŜǊƴŀǘƛǾŜ ƻǇǘƛƻƴǎ όǊŜŘǳƴŘŀƴŎȅύΦ 

²ƘƛƭŜ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ƪŜȅ ŘǊƛǾŜǊǎ ƻŦ ǊŜǎƛƭƛŜƴŎŜ ŜƴƘŀƴŎŜǎ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ 

practices within social housing, as discussed in this section, it is also essential to examine the 

key opportunities and barriers that influence the design of resilient social housing in the UK. 

Consequently, the following section examines the main opportunities for and barriers to 

designing robust, adaptable and redundant social housing in the UK. 

2.5 Opportunities for and Barriers to Designing Resilient Social Housing in the 
UK 

Designing resilient social housing in the UK necessitates a comprehensive understanding of 

both the opportunities that enable resilience and the barriers that prevent its 

implementation (Blackwell and Bengtsson, 2023). By identifying these factors, effective 

strategies can be developed to enhance the robustness, adaptability and redundancy of 

social housing for its inhabitants. 

2.5.1 Opportunities  

The residential sector accounts for approximately 17% of all CO2 emissions in the UK, 

contributing around 56.4 million tonnes of greenhouse gases in 2022 (National Statistics, 

2023). Thus, the Intergovernmental Panel on Climate Change (2023) highlights the need for 

improved building performance in the residential sector as a critical approach in terms of 

reducing carbon emissions and mitigating the effects of climate change. According to 

Stevenson (2019), there are two primary types of energy sources for homes, renewable and 

non-renewable, and it is crucial to determine how to provide the level of energy needed by 

homes without increasing carbon emissions or exceeding the limits of our planetary 

resources. Homes need to be adapted to cope with the negative effects of extreme events 

caused by the changing climate, and the degree to which homes are future-proof against 
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climate change is yet to be established (Stevenson, 2019). Additionally, homes that have 

robust construction offer the opportunity to study how buildings will cope with conditions 

under future changes to our climate (Nik et al., 2016; Stevenson, 2019). Another key 

resilience driver is redundancy, as mentioned in Section 2.4.3, and moving towards smarter 

homes poses a barrier to traditional redundancy since the failure of one part of a centralised 

mechanical system can lead to a total failure. Therefore, as a resilience driver, having 

alternatives in social housing provides additional means and knowledge for inhabitants that 

become an opportunity for building their capacities (Stevenson, 2019).  

One opportunity that enables resilience in social housing is a robust housing design that 

continues performing even if there are disruptions, such as the environmental impacts of 

climate change (Balaban and Puppim de Oliveira, 2017; Martiskainen and Kivimaa, 2019). 

For example, developing social housing with sufficient ventilation and improved indoor air 

quality can provide the opportunity to withstand the heatwaves that occur more often due 

to climate change (Zahiri and Gupta, 2023). This is a potential health benefit for the social 

housing sector, as by 2039, it is projected that over 70% of households will include at least 

one person aged 60 or older (Chenari, Dias Carrilho and Gameiro da Silva, 2016; Copeman 

and Beech, 2022).  

!ƴƻǘƘŜǊ ƻǇǇƻǊǘǳƴƛǘȅ ƛǎ ŀ ΨƎƻƻŘ ǉǳŀƭƛǘȅΩ ƘƻǳǎƛƴƎ ŘŜǎƛƎƴ ǘƘŀǘ ƛǎ ƎǳƛŘŜŘ ōȅ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 

environmental values and impact, comfort, and lower energy costs (Martiskainen and 

Kivimaa, 2019). Another example of a resilient energy system within the home is the smart 

meter, which can provide near-real-time information about energy use to inhabitants (Office 

for National Statistics, 2023b). According to the 2021 to 2022 English Housing Survey report 

(2022), social renters were more likely to have a smart meter in their homes (48%) than 

private renters (36%). This offers an opportunity for resilient energy systems in social 

housing, providing inhabitants are willing to use these systems. It is also important to note 

that these smart energy systems can help to improve the energy efficiency and the indoor 

air quality of the home when these measures are installed correctly and when the 

inhabitants know how to use them (Martiskainen and Kivimaa, 2019). Particularly in 

Sheffield in the UK, using resilient energy systems can be an opportunity to achieve the 2030 

net zero energy target by reducing domestic energy use in social housing (National Housing 

Federation, 2022). 
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2.5.2 Barriers  

According to the Department for Business, Energy and Industrial Strategy (2023) report, 

using low-energy options such as air source heat pumps or solar panels for heating homes 

can reduce household greenhouse gas emissions. However, the same report identifies that 

inhabitants face significant barriers to switching to low-energy heating systems, such as 

concern about cost, lack of knowledge about the new low-energy technology, and 

uncertainty about the possibility of installing this system in their home. Several studies note 

that the incorrect use of these new technologies can cause problems such as overheating 

(Gupta and Gregg, 2012; Shrubsole et al., 2014). This also raises questions about the 

ƛƴƘŀōƛǘŀƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ǳǎŜ ǘƘŜƛǊ ŎƻƴǾŜƴǘƛƻƴŀƭ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎ ŀŘŜǉǳŀǘŜƭȅΣ ŀƴŘ ǿƘŜǘƘŜǊ ǘƘŜȅ 

are using these systems as effectively as they could. This aspect is one of the key focuses of 

this thesis. 

Another barrier to designing resilient social housing is financing, because, according to the 

Social Housing Sector report, the sector has difficulties in managing increased operational 

costs (e.g., increased energy prices) and lower income (e.g., funding) (House of Commons 

Levelling Up, Housing and Communities Committee, 2024). The same report mentions that 

the social housing sector faces financial pressure due to requirements to meet 

decarbonisation goals, repair costs that were delayed due to Covid-19, and costs related to 

supporting inhabitants of social housing. Financial constraints are another key focus of this 

thesis, particularly in terms of understanding the challenges that the social housing 

association had during the design and implementation phase, and their effects on the 

inhabitants of the social housing in this case study. 

The final barrier to designing resilient social housing is linked with the large number of policy 

ƛƴǎǘǊǳƳŜƴǘǎ ƛƴ ǘƘŜ ¦Y ǘƘŀǘ ŎǊŜŀǘŜ ŀ ΨǇƻƭƛŎȅ ƳƛȄΩΣ ŀƴŘ ǘƘŜǎŜ ǊŀǇƛŘƭȅ ŎƘŀƴƎƛƴƎ ǇƻƭƛŎƛŜǎ ƴŜŜŘ ǘƻ 

be acknowledged by actors such as architects in order for these policies to be effective 

(Kern, Kivimaa and Martiskainen, 2017). The building regulations are not always complied 

with, and there are concerns about the sufficient implementation of minimum energy 

standards (Evans, Roshchanka and Graham, 2017; Kivimaa, Kangas and Lazarevic, 2017). 

Evans, Roshchanka and Graham (2017) also mention how policymakers are now focusing on 

the importance of good implementation by enforcing the current standards rather than 
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setting stricter requirements. According to Stevenson (2019), building regulations need to 

anticipate future climate change conditions and their effects on new-build or retrofitted 

homes. After outlining the policy requirements, the next section highlights resilience in 

social housing and the policy context related to energy systems in the home. 

2.6 Resilience in the UK Housing Policy Context  

2.6.1 Energy Efficiency Levels  

From the perspective of housing studies, resilience can be used to describe social, technical, 

economic or environmental systems, as well as people, organisations and the housing sector 

ŀǎ ŀ ǿƘƻƭŜ ό/ŀǊǊƻƭƭΣ нлмнΤ DƛōōΣ aŎbǳƭǘȅ ŀƴŘ aŎ[ŀǳƎƘƭƛƴΣ нлмсύΦ ¢ƘŜ ¦Y ƎƻǾŜǊƴƳŜƴǘΩǎ 

energy efficiency policy aims for all fuel-poor homes to reach at least band C on the Energy 

Performance Certificate (EPC) scale (refer to Table 4.6) by 2030 and for the majority of 

homes to be at least band C by 2035 in the UK (Bolton, 2024). According to the 2021 English 

Housing Survey report, 35% of households living in social housing reported that they found it 

very difficult to pay their heating costs (Department for Levelling Up, Housing & 

Communities, 2021). The increases in energy prices since 2021 have made it increasingly 

difficult for those living in social housing to pay their energy bills (Department for Levelling 

Up, Housing & Communities, 2021). Additionally, according to the same English Housing 

Survey report, 59% of social housing households had someone self-isolating during the 

pandemic, so at least one person in the household was staying at home 24/7, leading to 

higher energy consumption (Department for Levelling Up, Housing & Communities, 2021). 

In addition, Part 6 of the Building Regulations, which covers access to and use of dwellings, 

includes specific requirements for energy efficiency (HM Government, 2016b). According to 

the requirement, if the building is extended or renovated, the energy efficiency of the 

existing dwelling needs to be upgraded, addressing both adaptability and robustness aspects 

of resilience (HM Government, 2016b). The regulations also cover British Standards and the 

Standard Assessment Procedure (SAP), a tool developed by the British Research 

Establishment (BRE), to calculate the energy performance of buildings (BRE Group, 2024).  
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2.6.2 Heating and Ventilation Strategies  

Housing insulation is crucial for resilience, as gaps in the insulation can lead to heat loss, 

ƳƻǳƭŘ ŀƴŘ ŎƻƴŘŜƴǎŀǘƛƻƴΣ ŀŦŦŜŎǘƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ ƘŜŀƭǘƘ ŀƴŘ ǿŜƭƭ-being. According to the 

Approved Document L (HM Government, 2022), the continuity of insulation must be 

reviewed in the drawings (during the design phase) to ensure the insulation layer is robust, 

and this review should be followed by an on-site audit to confirm all the designed details 

have been constructed in line with the guidance. For heating, domestic hot water circuits 

should include both time and electronic temperature controls. Electric resistance space 

heating systems are assumed to be 100% efficient, so the regulations do not require any 

minimum efficiency to be set for this system (HM Government, 2022). On-site electricity 

generation and storage is another key factor in the Approved Document L (HM Government, 

нлннύΦ ²ƘŜƴ ǊŜǇƭŀŎƛƴƎ ǘƘŜ ŜȄƛǎǘƛƴƎ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳΣ ǘƘŜ ƴŜǿƭȅ ƛƴǎǘŀƭƭŜŘ ǎȅǎǘŜƳΩǎ ƎŜƴŜǊŀǘƛƻƴ 

capacity should not be less than the existing one unless a smaller system can be 

demonstrated to be more effective. 

Building regulations aim to protect inhabitants according to different measures, such as 

safety, health and well-being, whilst also promoting sustainable development and energy 

efficiency (Vagtholm et al., 2023). According to the Approved Document F, there are three 

key ventilation strategies for dwellings: extract ventilation from rooms where the pollutants 

are likely to be released, such as bathrooms and kitchens; whole dwelling ventilation, for 

pollutants not removed by extract ventilation; and purge ventilation to remove high 

ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ Ǉƻƭƭǳǘŀƴǘǎ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ƛƴƘŀōƛǘŀƴǘǎΩ ŀŎǘƛǾƛǘƛŜǎΣ ǎǳŎƘ ŀǎ Ǉŀƛƴǘ ŦǳƳŜǎ όIa 

Government, 2021b). This document states that extract ventilation is required in kitchens, 

utility rooms and bathrooms, and internal doors are required to have a 10mm gap from the 

floor to allow air to flow continuously within the home. According to the BS 5925 (British 

Standards Institution, 1991) and Approved Document F (HM Government, 2021b), purge 

ventilation can be delivered with single-sided ventilation, such as by opening windows or 

doors when there is a temperature difference of 3°C between the air inside and outside.  

Background ventilators, such as trickle vents above windows, should be easy for inhabitants 

to reach and, according to the ventilation policy context (HM Government, 2021b), 

background ventilators should be left open. According to the Approved Document F (HM 
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Government, 2021b), intermittent extractor fans should be placed in all wet rooms (e.g., 

kitchens, bathrooms, utility rooms) and if the wet room does not have any external walls, 

the extract fan has to meet to purge ventilation standards by extracting four air changes per 

hour. If the wet room does not have an openable window, the intermittent extract fan 

should have settings that enable it to continue operating for at least 15 minutes after the 

room is vacated (HM Government, 2021b). According to the National Institute for Health 

and Care Excellence (2020), ensuring effective ventilation is critical to reduce damp and 

ŎƻƴŘŜƴǎŀǘƛƻƴ ƛƴ ƘƻƳŜǎΣ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ƘŜŀƭǘƘ ŀƴŘ ǿŜƭƭ-being can be affected by indoor air 

pollutants. According to the Approved Document F (HM Government, 2021b), all rooms with 

external walls should have background ventilators, and if the home has more than one 

exposed façade, the background ventilators should be in a similar area on each façade to 

allow cross-ventilation. This document also states that homes with combined kitchens and 

living rooms need at least three background ventilators.  

The latest policy on the ventilation of housing focuses on energy efficiency measures in 

terms of the building work (e.g., roof and window insulation, replacement of windows and 

doors, draught-proofing) and assessment of the newly built and existing ventilation 

measures (HM Government, 2021b). Resilience in terms of robustness is addressed in the 

!ǇǇǊƻǾŜŘ 5ƻŎǳƳŜƴǘ CΥ Ψ±ŜƴǘƛƭŀǘƛƻƴΩ όIa DƻǾŜǊƴƳŜƴǘΣ нлнмōύΤ ǘƘŜ ǊŜƎǳƭŀǘƛƻƴ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ 

if the existing windows do not have background ventilation, they need to be replaced, and it 

must be ensured that ventilation is not worsened in the process. 

.ǳƛƭŘƛƴƎ wŜƎǳƭŀǘƛƻƴǎ wŜǉǳƛǊŜƳŜƴǘ hм ΨhǾŜǊƘŜŀǘƛƴƎ ƳƛǘƛƎŀǘƛƻƴΩ ŀƛƳǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ 

occurrence of high indoor temperatures, which can lead to overheating (HM Government, 

нлнмŀύΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ {ŜŎǊŜǘŀǊȅ ƻŦ {ǘŀǘŜΩǎ ǾƛŜǿ όIa DƻǾŜǊƴƳŜƴǘΣ нлнмŀύΣ ǘƘƛǎ 

requirement is achieved by limiting unwanted solar gains in summer and providing adequate 

solutions (e.g., via dynamic thermal modelling) to remove excess heat, thereby protecting 

the health and well-being of inhabitants.  

Ways of assessing the overheating risk in new-build housing, as outlined in the Approved 

Document O (HM Government, 2021a), include categorising residential buildings by location 

ŀǎ ΨƳƻŘŜǊŀǘŜ ǊƛǎƪΩ ƻǊ ΨƘƛƎƘ ǊƛǎƪΩ ŀƴŘ ŘŜǘŜǊƳƛƴƛƴƎ ǿƘŜǘƘŜǊ ǘƘŜȅ ƘŀǾŜ ŎǊƻǎǎ-ventilation. 

Solutions to limit solar gains include shading devices for glazed areas, external shutters with 
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a means of ventilation, and shading provided by nearby buildings or structures. Internal 

blinds and curtains can also provide some reduction in solar gains; however, they are not 

taken into account when assessing whether Requirement O1 has been met (HM 

Government, 2021a). According to Approved Document O, the housing should be built to 

meet Requirement O1 by using passive means of ventilation (e.g., opening windows) to 

remove the excess heat, before using any mechanical cooling systems, such as air 

conditioning. The Approved Document O also states that information about the overheating 

mitigation strategy (e.g., limiting solar heating) and its maintenance requirements must be 

clearly communicated to the owners of the housing. The same document also mentions that 

ǘƘŜ ƘƻƳŜ ǳǎŜǊ ƎǳƛŘŜ ǎƘƻǳƭŘ Ŏƻƴǘŀƛƴ ŀ ǎŜŎǘƛƻƴ ŎŀƭƭŜŘ Ψ{ǘŀȅƛƴƎ Ŏƻƻƭ ƛƴ Ƙƻǘ ǿŜŀǘƘŜǊΩ ǿƘƛŎƘ 

provides non-technical advice for inhabitants (HM Government, 2021a).  

2.6.3 Home User Guide  

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ !ǇǇǊƻǾŜŘ 5ƻŎǳƳŜƴǘ [Σ ±ƻƭǳƳŜ мΥ Ψ5ǿŜƭƭƛƴƎǎΩΣ {ŜŎǘƛƻƴ фΣ ŀ ƘƻƳŜ ǳǎŜǊ ƎǳƛŘŜ 

should be provided for new-build housing (HM Government, 2022). This guide should 

include sections for each energy-related system (for example, ventilation, heating and hot 

water), offering non-technical advice on the relevant system to help inhabitants understand, 

operate and maintain these systems. In terms of having redundancy within the homes, 

ǊŜƎǳƭŀǘƛƻƴ нр! ǿƛǘƘƛƴ ǘƘŜ !ǇǇǊƻǾŜŘ 5ƻŎǳƳŜƴǘ [Υ Ψ/ƻƴǎŜǊǾŀǘƛƻƴ ƻŦ ŦǳŜƭ ŀƴŘ ǇƻǿŜǊΩΣ ǿƘƛŎƘ 

came into effect on July 2013, requires consideration of alternative systems for new 

buildings (HM Government, 2022). According to this regulation, before construction of the 

new building, the technical, environmental and economic feasibility of using high-efficiency 

alternative systems (e.g., heat pumps, decentralised energy supply systems based on 

renewable sources, collective heating and cooling systems based on renewable sources) 

must be analysed. This analysis should be carried out during the design phase of the project 

and applied to all housing units connected to the system in the area, whether they are 

individual housing, groups of similar housing, or similar housing typologies in the same area 

(HM Government, 2022).  

Overall, in terms of resilience, UK housing policies and regulations focus primarily on where 

and how energy-related controls should be placed and used to address discrepancies 

ōŜǘǿŜŜƴ ŘŜǎƛƎƴ ƛƴǘŜƴǘƛƻƴǎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ŀŎǘǳŀƭ ǳǎŜ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǘƘŜ ŜƴŜǊƎȅ ǇŜǊŦƻǊƳŀƴŎŜ 
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of the housing through tools like SAP. However, these regulations and policies do not deeply 

ŜȄǇƭƻǊŜ ǘƘŜ ǎƻŎƛŀƭ ŀǎǇŜŎǘǎ ƻǊ Ƙƻǿ ǎƻŎƛŀƭ ŎƘŀƴƎŜǎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎǎ ƳƛƎƘǘ 

impact these controls, nor do they assess whether UK homes are resilient to these changes 

or the differing understandings and practices of inhabitants. 

2.7 Social Dynamics in Social Housing 

Social interactions among inhabitants are primarily observed in cohousing, where each 

household has a private home and can also gather at shared facilities, such as communal 

kitchens and dining areas (Scanlon and Arrigoitia, 2015). An example of this is the LILAC field 

study in Leeds (see also Section 2.4.3) where inhabitants engage in self-managed activities, 

including maintenance, and use shared facilities, like laundry rooms, to promote a low-

impact lifestyle (Chatterton, 2015). Collaborative practices occur as these communities 

actively participate in management of energy-related systems, knowledge distribution and 

decision-making (Jarvis, 2011; Hammond, 2018). Collaboration in practices can be achieved 

through engagements and social relations among inhabitants, which are also significant for 

the development of routines (Gram-Hanssen, 2008; Bartiaux et al., 2014). Such collaborative 

practices can also be described as settings where people gather to learn new techniques 

from one another (Bartiaux et al., 2014). However, these collaborative practices have not 

been studied in the context of social housing to determine whether inhabitants in these 

homes engage with other members of their households when making energy-related 

decisions, nor how external factors influence their practices, highlighting a significant 

research gap. 

According to Steemers and Yun (2009), the use of heating and cooling systems and their 

control are decisions of the inhabitants, and they see this as a behavioural factor. Thus, in 

ǘƘƛǎ ǘƘŜǎƛǎΣ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ǳǎƛƴƎ ǘƘŜ ŜƴŜǊƎȅ-related systems are seen as 

ōŜƘŀǾƛƻǳǊŀƭ ŦŀŎǘƻǊǎ ƛƴǾƻƭǾƛƴƎ ŘŜŎƛǎƛƻƴǎ ƳŀŘŜ ŀƳƻƴƎ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΦ LƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ 

can be explained as the social interactions among inhabitants aimed at proceeding to 

actions (Finch, 2003). For example, consider a discussion about opening windows: in a home 

with two inhabitants, one frequently prefers to have the windows open (inhabitant 1), while 

the other gets cold easily and often prefers to have the windows closed (inhabitant 2). If 

they discuss whether to open the windows, inhabitant 2 may win, resulting in the windows 
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remaining shut. However, when inhabitant 2 is not at home, inhabitant 1 opens the windows 

until inhabitant 2 comes home, affecting energy use in the home. These social interactions 

can be also addressed as collective agency where inhabitants bond to make sense of what 

they are doing and decide their energy-related practices (Melucci, 1996; Welch and Yates, 

2018).  

Previous housing studies have not addressed whether social housing is sensitive to 

ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ǘƘŜƛǊ ŜƴŜǊƎȅ-related practices, or the nexus with resilience 

drivers.   

2.8 Critical Reflection on Key Frameworks and Theories 

The aim of this thesis is to capture not only what inhabitants do, but also how their practices 

continue, adapt or break down in response to different conditions, particularly disruptions. 

Several key relevant theories and frameworks were considered in the development of this 

study, such as actor-network theory, the energy cultures framework and socio-technical 

theory.  

Actor-network theory recognises that material culture (e.g., objects and technologies) plays 

a crucial role in shaping behaviour through dynamic interactions (Latour and Porter, 1993; 

Law et al., 1999; Stephenson et al., 2010). It is employed in numerous studies focusing on 

domestic energy consumption and models an agent-based framework that includes 

interactions between policies, housing stock and households (Keirstead, 2006). Barr and Gilg 

(2007) also use actor-network theory to examine environmental behaviour and the gap 

between intentions and actions. This theory seeks to understand how both human and non-

human actors form networks to achieve specific goals and gives equal value to technologies 

(objects) and society when investigating a social phenomenon (Law, 1992, p. 383). Actor-

network theory defines actors as entities (e.g., human, material or technological) that gain 

agency through their relations with others, while practice theory focuses on the dynamics of 

human actions within a social context (Latour, 2005; Gram-Hanssen, 2010). While actor-

network theory could highlight how technologies influence practices, it does not offer a 

ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ Ƙƻǿ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ǇŜǊǎƛǎǘ ƻǊ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŦŀŎŜ ƻŦ 

social changes or disruptions, making resilience a more relevant choice. 
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The energy cultures framework draws on actor-network theory to explore the factors 

shaping energy consumption behaviours while identifying opportunities for change 

(Stephenson et al., 2010). At its core, the framework conceptualises energy behaviour as the 

interplay among cognitive norms (e.g., beliefs), material culture (e.g., building form) and 

energy practices (e.g., activities) (Stephenson et al., 2015). These elements interact 

dynamically: cognitive norms shape behaviours and technology choices; material culture 

influences cognitive norms and practice possibilities; and energy practices, in turn, reinforce 

or shift norms. Each element is itself a system that collectively shapes energy consumption 

and behavioural outcomes (Stephenson et al., 2010). The energy cultures framework (see 

Figure 2.3) is useful for categorising energy behaviours into material culture, cognitive norms 

and practice-based elements, helping to map energy-use patterns.  

 

 

 

 

 

 

 

 

While this framework is useful for understanding energy consumption patterns, it does not 

ŘƛǊŜŎǘƭȅ ŀŎŎƻǳƴǘ ŦƻǊ Ƙƻǿ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ŀŘŀǇǘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŎƘŀƴƎŜǎ ƻǊ ŘƛǎǊǳǇǘƛƻƴΦ 

Since this thesis focuses not only on energy-ǊŜƭŀǘŜŘ ǇǊŀŎǘƛŎŜǎΣ ōǳǘ ŀƭǎƻ ƻƴ Ƙƻǿ ƛƴƘŀōƛǘŀƴǘǎΩ 

practices persist or evolve in response to external factors, the resilience lens is a better fit. 

Socio-technical theory is another approach to understanding energy efficiency studies and 

the relationship between people and technology. This approach, as described by Pasmore et 

al. (1982), views organisations (in this thesis, it is housing) as interconnected systems where 

Figure 2.3 Energy cultures framework diagram 
(Stephenson et al., 2015) 
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social and technological components influence each other and their broader environment. 

Socio-technical theory acknowledges the importance of social factors in system design and 

implementation, so can be applied to bridge the gap between social and technical aspects of 

energy use (Guy, 2004, p. 691; Bauer and Herder, 2009). The energy cultures framework 

challenges the notion that social factors alone can explain socio-technical phenomena, as 

cultures and values themselves are shaped by networks of social and material entities 

(Stephenson et al., 2010). Socio-technical theory provides a valuable perspective on the co-

evolution of technology and society, highlighting interactions between technological 

systems, policies and user behaviour (Abbas and Michael, 2023). However, this approach 

ŘƻŜǎ ƴƻǘ ŜȄǇƭŀƛƴ ǘƘŜ ŀŘŀǇǘŀōƛƭƛǘȅ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŜȄǘŜǊƴŀƭ ŎƘŀƴƎŜǎΣ 

such as the energy crisis or social change. This thesis, therefore, benefits from a resilience 

lens, which explicitly addresses the persistence and transformation of practices over time. 

Through engagement with these alternative frameworks, it became clear that while each 

ƻŦŦŜǊǎ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ŘƛŦŦŜǊŜƴǘ ŀǎǇŜŎǘǎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎΣ ǘƘŜȅ Řƻ ƴƻǘ Ŧǳƭƭȅ ŎŀǇǘǳǊŜ ǘƘŜƛǊ 

durability, changes and capacity to respond to stressors. Practice theory, particularly Gram-

IŀƴǎǎŜƴΩǎ όнлмлύ ŀǇǇǊƻŀŎƘΣ ǇǊƻǾƛŘŜǎ ŀ ǎǘǊƻƴƎ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ŀƴŀƭȅǎƛƴƎ ŜǾŜǊȅŘŀȅ ƘŀōƛǘǎΣ 

embodied know-how, engagements, technologies and institutionalised rules, as explained in 

the following chapter (see Section 3.4). Using resilience and practice theory frameworks in 

combination offers a way to examine not only what inhabitants do, but also how their 

practices endure or transform in dynamic conditions. This combined approach is particularly 

ǳǎŜŦǳƭ ƛƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ǿƛǘƘƛƴ ŘȅƴŀƳƛŎ ŜƴǾƛǊƻƴƳŜƴǘǎΣ ǿƘŜǊŜ ŜȄǘŜǊƴŀƭ 

influences (e.g., technological changes, policy changes, energy crisis, Covid-19) shape 

everyday actions. Figure 2.4 illustrates this integrated approach, demonstrating that the 

resilience of homes can be studied by examining the interrelationships between resilience 

drivers (robustness, adaptation, redundancy), energy-related practices (heating and 

ǾŜƴǘƛƭŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎύΣ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǇŜǊǎǇŜŎǘƛǾŜǎ όŘŜǎƛƎƴ ǘŜŀƳ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎύΣ ŀƴŘ 

how these, in turn, are influenced by external factors (social change, climate change, the 

energy crisis, Covid-19). Incorporating resilience within practice theory as a framework 

provides a means to analyse practices not just as socially and materially embedded routines, 

but as practices with varying degrees of flexibility to change. This combined approach also 
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fills a gap in practice-based approaches by introducing a resilience dimension that is 

overlooked in practice theory and socio-technical studies.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.9 Summary  

In this chapter, an overview of the definitions of resilience across various fields and a 

literature review have been presented. This chapter discussed the impacts of resilience on 

social housing within the context of three pillars of sustainability: social, environmental and 

ŜŎƻƴƻƳƛŎΦ ¢Ƙƛǎ ǎǘǳŘȅΩǎ Ƴŀƛƴ ŦƻŎǳǎ ƻƴ ǘƘŜ ǎƻŎƛŀƭ ƛƳǇŀŎǘǎ ƻŦ ǊŜǎƛƭƛŜƴŎŜ ǿŀǎ ƘƛƎƘƭƛƎƘǘŜŘΣ 

alongside environmental and economic aspects that directly affect the social context. 

¢ƘŜ ǊŜǎŜŀǊŎƘ ƎŀǇ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǊŜǾƛŜǿƛƴƎ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ƻƴ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎΦ Lǘ 

was identified that previous studies have not concurrently focused on robustness, 

adaptation and redundancy, nor have they explored the connection among these resilience 

ŘǊƛǾŜǊǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ƛŦ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ƛǎ ǎŜƴǎƛǘƛǾŜ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ŜƴŜǊƎȅ-

ǊŜƭŀǘŜŘ ǇǊŀŎǘƛŎŜǎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜǊŜ ƛǎ ŀ ƴŜŜŘ ŦƻǊ ŀ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ 

discussions on energy-related practices and how these are interrelated with robustness, 

Figure 2.4 Combined resilience and practice theory 
framework diagram (adapted from Stephenson et 
al., 2015) 
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redundancy and adaptation to determine opportunities for developing resilient social 

housing in the UK. 

Objective 1 was achieved in Section 2.5 by discussing the opportunities for and barriers to 

resilient social housing in the UK, supported by relevant literature to understand the latest 

developments and research regarding the discourse. This chapter reflected on the policy 

context of resilience in UK housing through relevant literature and building regulations, 

followed by the social dynamics in social housing. The chapter concluded by reflecting on 

key theories and frameworks. The following chapter explains the research approach of this 

thesis. 
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CHAPTER 3: THE PRACTICE THEORY FRAMEWORK 

3.1 Introduction 

Following the introduction to the thesis in Chapter 1 and a review of the state-of-the-art 

ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎΣ ŜǾƛŘŜƴŎƛƴƎ ǘƘŜ 

knowledge gap, in Chapter 2, this chapter sets out the research approach and introduces the 

theoretical framework adopted. In this chapter, the rationale for a practice-based approach 

is explained, as are the roots of practice theory. The methodology is then set out in Chapter 

4, which is designed to investigate the research gap using the practice theory approach 

outlined in this chapter. 

3.2 Research Approach 

There are different ways of understanding reality, including realism, constructivism, 

positivism and interpretivism (see Table 3.1) (Crotty, 1998). Practice theory is used as a 

methodological lens in this research because it combines various relevant individual human 

and non-human aspects that other epistemologies focus on (e.g., things, engagement, 

actions, habits, behaviours), and reveals how they act together in the moment and how they 

are all brought together through practices as a nexus. Therefore, resilience in the home is 

examined through the practice theory lens in order to understand the relationships among 

design, practices and resilience. In order to achieve the aim and objectives of the research, a 

mixed method approach with a question-ŘǊƛǾŜƴ ǇŜǊǎǇŜŎǘƛǾŜ ƛǎ ǳǎŜŘ όhΩ[ŜŀǊȅΣ нлнмύΦ ¢ƘŜ 

research approach includes a literature review, case study, post-occupancy evaluation (POE), 

and analysis. 
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Table 3.1 Different epistemologies in social sciences 
Primary 
Theorists 

Epistemology Ontology Key 
Audience 

Preferred 
Methods 

Auguste 
Comte 

Wittgenstein 
Heisenberg 
and Bohr 

Positivism and 
Post-Positivism 

Objects in the world 
have meanings 

before, objectivist 
(Crotty, 1998) 

Empirical 
scientists 

Quantitative 
methods : 

experiments, 
surveys, 

modelling, among 
others 

Heidegger Constructivism Reality is contingent 
upon human 

practices when they 
engage with the 

object (Crotty, 1998; 
Simons, 2009) 

Qualitative 
researchers, 
participants 

Qualitative 
methods: 

interviews, direct 
observations, 
among others 

Max Weber 
and Thomas 
Schwandt 

Interpretivism Looks at human and 
social reality in terms 

of cultural and 
historical 

interpretations 
(Crotty, 1998; 
Simons, 2009) 

Social 
science 

community 

Qualitative 
methods: 

interviews, direct 
observations, 
among others 

Guba and 
Lincoln 

Realism Reality exists outside 
of the mind, 

objectivist. Tries to 
ŀƴǎǿŜǊ ΨƘƻǿ ǘƘƛƴƎǎ 
really are and how 
they really work 
(Crotty, 1998; 
Simons, 2009) 

Human and 
social 

scientists 

Qualitative and 
quantitative 
methods: 

experiments, 
observations, 
among others 

Schatzki, 
Gram 

Hanssen 

Practice 
Theory 

Practice theory 
brings all these 
epistemologies 

together by looking 
at things, behaviours, 

culture, rules and 
technologies 

together by using 
mixed-methods 
(Schatzki, Knorr-

Cetina and Savigny, 
2001; Gram-Hanssen, 

2010) 

Social 
science 

community, 
participants 

Action-oriented, 
mixed methods: 
interviews, direct 

observations, 
visual 

ethnographic 
methods, 
document 

analysis, surveys, 
among others 
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3.3 The Roots of Practice Theory 

Latour (2005), as a sociologist, argues that the key means for improving energy use is to 

ŘŜǎƛƎƴ ŀ ΨƘȅōǊƛŘΩ ŦƻǊƳ ƻŦ ƘƻǳǎƛƴƎ ǘƘŀǘ ŎƻƳōƛƴŜǎ ƘǳƳŀƴ ŀƴŘ ƳŀǘŜǊƛŀƭ ŜƭŜƳŜƴǘǎ ǘƘŀǘ Ƴǳǘǳŀƭƭȅ 

constitute each other. Gill et al. (2010) state that, from a psychological perspective, 

behavioural assessments should be included in POE methods to gain a better understanding 

of building performance in relation to how humans actually inhabit their homes, what their 

behaviours are, why these behaviours have developed, what their impacts are, and how 

these behaviours can be changed. In contrast, Shove (2018), another sociologist, argues 

from a different theoretical perspective, stating that people use energy when performing 

social practices at home, at work and when moving around. This theoretical concept of 

ΨǇǊŀŎǘƛŎŜΩ ƛǎ ŘƛǎŎǳǎǎŜŘ ƴŜȄǘΦ 

Giddens (1984) developed the theory of structuration, which concerns human activity and 

how these activities are shaped by the social structure. He questioned the functions of 

society and how effectively people coordinate, develop and change. For Giddens, social 

ǇǊŀŎǘƛŎŜǎ ŀǊŜ ƘŜƭŘ ǘƻƎŜǘƘŜǊ ǿƛǘƘƛƴ ǎǇŀŎŜ ŀƴŘ ǘƛƳŜ ōȅ ǘƘŜ ΨŘǳŀƭƛǘȅ ƻŦ ǎǘǊǳŎǘǳǊŜΩΣ ǿƘƛŎƘ ƛǎ 

defined as the synthesis of social structures (e.g., educational, political, religious institutions) 

and agency, and this social structure exists when people act in accordance with their 

ǊŜǇǊƻŘǳŎŜŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎǎΦ ¢ƘŜǎŜ ǎƘŀǊŜŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎǎ ŀǊŜ ŦƻǊƳŜŘ ŀǎ ΨǊǳƭŜǎΩ ƛƴ ǇŜƻǇƭŜΩǎ 

memories (Galvin and Sunikka-Blank, 2016). Bourdieu (1990) ŀǊƎǳŜŘ ŦǳǊǘƘŜǊ ǘƘŀǘ ǇŜƻǇƭŜΩǎ 

actions are motivated by these rules. His understanding of rule-following is based on the 

ƴƻǘƛƻƴ ƻŦ ΨƘŀōƛǘǳǎΩ ŀƴŘ ΨƛƴǘŜǊŀŎǘƛƻƴǎΩΣ ǘƘǊƻǳƎƘ ǿƘƛŎƘ ǇŜƻǇƭŜ ƭŜŀǊƴ ǇǊŀŎǘƛŎŀƭ ƪƴƻǿ-how and 

social skills from other people around them and absorb these skills as habits. For Bourdieu, 

habitus is Ψconstituted in practice and is always oriented towards practical functionsΩ 

(Bourdieu, 1990, p. 277). 

Schatzki (1997) critiqued this view by stating that rules alone cannot explain the nature of 

human action and formed a schema for social theorising based on practical understandings, 

ŜȄǇƭƛŎƛǘ ǊǳƭŜǎ ŀƴŘ ǘŜƭŜƻŀŦŦŜŎǘƛǾƛǘȅ όƛƴǘŜǊŀŎǘƛƻƴǎΣ ŜȄǇŜŎǘŀǘƛƻƴǎ ŀƴŘ ŘŜǎƛǊŜǎύΦ {ŎƘŀǘȊƪƛΩǎ ǎŎƘŜƳŀ 

further explains how people coordinate with each other within a particular activity and how 

society influences particular habituated practical actions. For Schatzki, Knorr-Cetina and 

Savigny (2001), practices are defined as arrays of human activity shaped around shared skills 
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or understandings and they further developed the argument and explained the practice as a 

nexus of doings and sayings, which means certain elements/things hold the practice 

ǘƻƎŜǘƘŜǊΦ wŜŎƪǿƛǘȊ ŎǊƛǘƛǉǳŜŘ {ŎƘŀǘȊƪƛΩǎ ǎŎƘŜƳŀ ōȅ ŜȄǇƭŀƛƴƛƴƎ ǘƘŀǘ ǇǊŀŎǘƛŎŀƭ ŀŎǘƛƻƴǎ ŀǊŜ 

strongly involved with materiality and revised the key elements of practices as know-how, 

meaning, and material (Reckwitz, 2002a, 2002b). wŜŎƪǿƛǘȊ ŦǳǊǘƘŜǊ ŘŜŦƛƴŜŘ ΨǇǊŀŎǘƛŎŜΩ ŀǎ ŀ 

routinised type of behaviour including several elements, such as body, mind, things, 

knowledge, structure, and agent. He argued that while practice is social, it is also a type of 

behaviour and understanding that is happening at different points of time and is carried out 

ōȅ ŘƛŦŦŜǊŜƴǘ ōƻŘƛŜǎ ŀƴŘ ƳƛƴŘǎΦ !ŎŎƻǊŘƛƴƎ ǘƻ Ƙƛǎ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅΣ ΨōƻŘȅΩ ƳŜŀƴǎ 

ƛƴǘŜƭƭŜŎǘǳŀƭ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ƳƻǾŜƳŜƴǘǎ ƻŦ ǘƘŜ ōƻŘȅΣ ŀƴŘ ΨƳƛƴŘΩ Ŏƻƴǎƛǎǘǎ ƻŦ ƳŜƴǘŀƭ ǊƻǳǘƛƴŜǎΣ 

ŎŜǊǘŀƛƴ ōƻŘƛƭȅ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ƪƴƻǿƛƴƎ Ƙƻǿ ǘƻ Řƻ ǎƻƳŜǘƘƛƴƎΦ CƻǊ wŜŎƪǿƛǘȊΣ ΨǘƘƛƴƎǎΩ ŀǊŜ ŀǎ 

ƛƳǇƻǊǘŀƴǘ ŀǎ ǇŜƻǇƭŜ ŀƴŘ ǎƻŎƛŀƭ ǇǊŀŎǘƛŎŜǎ ǊŜǇǊŜǎŜƴǘ Ƙƻǿ ǇŜƻǇƭŜ ŘŜŀƭ ǿƛǘƘ ǘƘŜ ΨǘƘƛƴƎǎΩΦ 

ΨYƴƻǿƭŜŘƎŜΩ ƳŜŀƴǎ ǘƘŜ ǿŀȅ ƻŦ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǿƻǊƭŘΣ ƻōƧŜŎǘǎ ŀƴŘ ƘǳƳŀƴǎΦ 

Ψ{ǘǊǳŎǘǳǊŜκǇǊƻŎŜǎǎΩ Ŏƻƴǎƛǎǘǎ ƻŦ Ǌƻǳǘƛƴƛǎŀǘƛƻƴ ƻŦ ōƻŘȅ ƳƻǾŜƳŜƴǘǎ ŀƴŘ ǳǎƛƴƎ ǘƘƛƴƎǎΣ ŀƴŘ ΨǘƘŜ 

ŀƎŜƴǘΩ ƛǎ ǘƘŜ ŎŀǊǊƛŜǊ ƻŦ ǘƘŜ ǇǊŀŎǘƛŎŜ όwŜŎƪǿƛǘȊΣ нллнŀύΦ  

Practice theory, therefore, defines the position of human beings and things in a social world 

and opens up new possibilities of self-understanding. Shove (2010) also challenged the 

psychological account of social change that depends on attitudes (A), behaviour (B) and 

choices (C), known as the ABC model. Shove argued that to understand social change, 

understanding how practices capture, progress and lose the inhabitant is crucial. Shove, 

Pantzar and Watson (2012, p. 7) further defined the individuals who carry out the practice as 

ΨǘƘŜ ŎŀǊǊƛŜǊǎ ƻǊ Ƙƻǎǘǎ ƻŦ ŀ ǇǊŀŎǘƛŎŜΩΦ {ƘƻǾŜ όнлмлύ ŘŜǾŜƭƻǇŜŘ ƘŜǊ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ŀǇǇǊƻŀŎƘ ōȅ 

ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ wŜŎƪǿƛǘȊΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŦƻǊƳǎ ƻŦ ōƻŘƛƭȅ 

activities, mental routines, dealing with things, know-how and knowledge. Shove then used 

these ideas to understand the circulation of practices and categorised them as materiality 

(things and technologies), meaning (ideas and aspirations) and competence (skills and know-

how) (Shove, Pantzar and Watson, 2012). After categorising the practices, Shove integrated 

these definitions by looking at the relation between time, space and practice because all of 

these practices are happening somewhere (where) at some time (when) (Shove, Pantzar and 

Watson, 2012).  
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3.4 Elements of Social Practices 

Before Gram-IŀƴǎǎŜƴΩǎ όнлмлύ ǿƻǊƪΣ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ǿŀǎ ƴƻǘ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ƛƴ ŜƴŜǊƎȅ 

studies about the home; it was mostly used in consumer studies like those of Warde (2005) 

and Shove and Pantzar (2005). The main difference between the approaches of Shove and 

Pantzar (2005) and Gram-Hanssen (2010) is that Gram-IŀƴǎǎŜƴΩǎ ŀǇǇǊƻŀŎƘ Ŧƻƭƭƻǿǎ ǘƘŀǘ ƻŦ 

{ŎƘŀǘȊƪƛ όмффтύΣ ǿƘƛƭŜ {ƘƻǾŜ ŀƴŘ tŀƴǘȊŀǊΩǎ ƳƻŘŜƭ ŎƻƳǇǊƛǎŜǎ ǘǿƻ ŎƻƳǇƻƴŜƴǘǎΥ όмύ ƪƴƻǿ-how 

and habits; and (2) institutionalised knowledge and explicit rules (Bartiaux et al., 2014). 

Gram-Hanssen (2010) builds on all these perspectives by taking a very specific approach 

related to her seminal study of standby energy consumption behaviour in households. She 

highlights how practice theory can provide a new understanding of how people learn new 

knowledge related to their behaviour and even change it. The aim of Gram-IŀƴǎǎŜƴΩǎ 

approach to practice theory is to understand the contribution of routines and technologies 

to energy consumption studies, and how institutionalised knowledge and behaviours impact 

practices (Gram-Hanssen, 2010). She refined four elements, which are distinctly different 

ŦǊƻƳ {ƘƻǾŜΩǎ όнлмлύ ǘƘǊŜŜ ŜƭŜƳŜƴǘǎ ƻŦ ƳŀǘŜǊƛŀƭƛǘȅΣ ƳŜŀƴƛƴƎ ŀƴŘ ŎƻƳǇŜǘŜƴŎŜΣ ŀƴŘ ƳƻǊŜ 

appropriate for understanding energy use in buildings: 

¶ Know-how and embodied habits (behaviour), 

¶ Institutionalised knowledge (culture and rules), 

¶ Engagements (interaction), 

¶ Technologies (things). 

These four elements can be used as an analytic tool to understand how individuals learn 

new knowledge and hold an energy-related practice together. Gram-IŀƴǎǎŜƴΩǎ (2010) study 

ǊŜǾŜŀƭǎ ǘƘŀǘ ǿƘŜƴ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ƳƻǘƛǾŀǘƛƻƴ ƻŦ ǘƘŜ ƻŎŎǳǇŀƴǘǎΩ ŎƘŀƴƎŜΣ ŜǎǘŀōƭƛǎƘŜŘ 

habits also change accordingly with rearranging the technology. She argues that practice 

theory can be used to understand how practices change over time. In this research, the 

nexus between Gram-IŀƴǎǎŜƴΩǎ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ŜƭŜƳŜƴǘǎ ŀƴŘ ǎƻŎƛŀƭ ǊŜǎƛƭƛŜƴŎŜ ƛƴŘƛŎŀǘƻǊǎ ǿƛƭƭ 

reveal whether housing in the UK is socially resilient in relation to social changes over time.  

A comparison of the four approaches to practice theory is shown in Table 3.2. 
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Table 3.2 Key elements in the understanding of social practices 

Schatzki (1997) Reckwitz (2002b) Shove (2010) Gram-Hanssen 

(2010) 

Practical 

understandings 

Know-how 

Habits 

Includes tacit or implicit 

rules 

Know-how 

Body 

Mind 

The agent 

Competence 

Skills 

Know-how 

Know-how and 

embodied habits 

Understandings 

Routines 

Habits 

Explicit rules 

Expectations 

Rules are not 

included as an 

element of practices 

Rules are not included 

as an element of 

practices 

Institutionalised 

knowledge 

Rules 

Language 

Teleoaffectivity 

Desires 

Meanings 

Discourse/language 

Meanings 

Ideas 

Aspirations 

Engagements 

Meaning 

Purposes 

Beliefs 

Things and technologies 

are co-produced with 

practices by forming 

ΨƳŀǘŜǊƛŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎΩ 

but they are not part of 

an element of practices  

Materials 

Things 

Materiality 

Things 

Technologies 

Technologies 

Things 

Products 

The four elements of practice theory described by Gram-Hanssen help to structure this 

research by forming the basis of a resilience matrix. This matrix will help to explain the nexus 

between the four elements of practice theory and the resilience indicators. The resilience 

matrix is explained in Chapter 4.  

3.4.1 Know-how and Embodied Habits 

This element of practice theory refers to the actual and often unconscious way of using 

equipment. For example, when the inhabitants use appliances as they were designed to be 

used, their routines become embodied with their daily use (Gram-Hanssen, 2010). Know-

how and embodied habits include the skills that the inhabitants already have, and they are 

an important element of what constitutes a practice. These know-hows represent the 

routines and the things that the inhabitants do without conscious reflection, which is key to 

understanding if a practice may be conceptualised as such (Bartiaux et al., 2014).  
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Giddens (1984) sees routines as practical consciousness and explains how the repetition and 

recognition of routines can create safety for actors (in this thesis, the inhabitants), to reduce 

ontological insecurity (Warde, 2005). According to Gram-Hanssen (2008), routines are 

significant for household energy consumption and can change or develop with different 

everyday technologies. To give an example of how embodied habits and routines change, a 

study involving women born in the 1920s and 1930s described how having a fridge for the 

first time did not immediately change their habits. It was the combination of having a fridge, 

having fewer shopping options due to moving from the city centre to the suburbs, and 

having fewer food delivery options that made the women adapt their routines to these 

changing conditions (Gram-Hanssen, 2008). Embodied habits are the routinised practices of 

inhabitants that are performed in everyday life, often performed unconsciously (Gram-

Hanssen, 2014). Yi, Knudsen and Becker (2016) view routines as a target of change and argue 

that the stability of routines limits adaptation. Shove, Watson and Spurling (2015) and 

Heidenstrøm and Kvarnlöf (2018) explain know-how as having the necessary skills to help 

practices evolve, and embodied habits as the knowledge that may lie dormant for years 

without prompting action. Practice theory critiques the individualistic models of action and 

instead highlights habitual and routinised behaviour (Hansen, Gram-Hanssen and Knudsen, 

нлмуύΦ {ƻŎƛŀƭ ǇǊŀŎǘƛŎŜǎ ŀǊŜ ǘƘŜ ǊƻǳǘƛƴŜǎ ƻŦ ǇŜƻǇƭŜΣ ǿƘƛŎƘ ǘƘŜȅ ŎƻƴǎƛŘŜǊ ΨƴƻǊƳŀƭΩΣ ŀƴŘ ǘƘŜȅ 

use energy as part of carrying out social practices at home (Shove, 2018). Know-how is 

something that inhabitants learn when they are exposed to and then perform these 

practices themselves, becoming the carriers of practices (Larsen and Gram-Hanssen, 2020). 

In this thesis, the know-how and embodied habits of inhabitants are looked at in terms of 

how much their embodied habits involving energy use change depending on social change, 

Ƙƻǿ ǘƘŜǎŜ ŎƘŀƴƎƛƴƎ Ƙŀōƛǘǎ ŀŦŦŜŎǘ ƛƴƘŀōƛǘŀƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǘƛƴǳŜ ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ ŜǉǳƛǇƳŜƴǘΣ 

ŀƴŘ Ƙƻǿ ŎƘŀƴƎŜǎ ƛƴ ƛƴƘŀōƛǘŀƴǘǎΩ Ƙŀōƛǘǎ ŀŦŦŜŎǘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŀŘŀǇǘΦ    

3.4.2 Institutionalised Knowledge and Rules 

Schatzki (2001) considers explicit rules as an element of practices, describing them as the 

expectations of the inhabitants. In contrast, institutionalised knowledge and rules are not 

included by Reckwitz (2002b) or Shove and Pantzar (2005) when they describe the elements 

of practices. Gram-Hanssen (2010) takes a more detailed approach, explaining this element 
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through language, tacit rules and knowledge. Additionally, institutionalised knowledge and 

rules are directly influenced through policies such as government regulations (Bartiaux et al., 

2014). 

In this thesis, institutionalised knowledge and rules are looked at in terms of language, 

regulations and policies. The questions addressed include: how might changes in 

institutionalised rules and knowledge affect the functioning of the home, how might this 

affect redundancy in the home, and how might this affect the ability to adapt? These 

ǉǳŜǎǘƛƻƴǎ ŀǊŜ ŀƴŀƭȅǎŜŘ ŦǊƻƳ ōƻǘƘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŀƴŘ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ǇŜǊǎǇŜŎǘƛǾŜǎ ǘƻ 

understand whether or not the design team translated and communicated knowledge to the 

wider audience, such as households. 

3.4.3 Engagements 

Schatzki (1997) views this element of practice as teleoaffectivity, which consists of desires, 

purposes, emotions and moods, while Reckwitz (2002b) and Shove (2005) refer to it as 

meanings. Gram-Hanssen (2010) brings together all these definitions in engagements, and 

this element emerges out of social relationships, interactions and beliefs. Collaboration in 

practices can also be achieved by the correlative role of elements, such as engagements 

(Bartiaux et al., 2014).  

Engagement is referred to in terms of ideas, aspirations and participation, and this element 

of practice theory is used to understand how inhabitants attach their ideas and meanings in 

order to make sense of their practices (Shove, Pantzar and Watson, 2012; Wethal, 2020). In 

addition, engagement implies that there is a reason that guides a practice, meaning 

something to the inhabitants who perform that practice (Gram-Hanssen, 2014). In this 

ǘƘŜǎƛǎΣ ŜƴƎŀƎŜƳŜƴǘ ǊŜŦŜǊǎ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ǘƘŜƛǊ ƘŜŀǘƛƴƎ ŀƴŘ ǾŜƴǘƛƭŀǘƛƻƴ 

practices, as well as their engagement with the energy-related controls. Engagements are 

also explained as practices consisting of doing and saying, such as regulating thermostats 

and discussing the temperature of the thermostat (Gram-Hanssen et al., 2017). 

Lƴ ǘƘƛǎ ǘƘŜǎƛǎΣ ŜƴƎŀƎŜƳŜƴǘǎ ŀǊŜ ƭƻƻƪŜŘ ŀǘ ƛƴ ǘŜǊƳǎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘǎ ŀƴŘ 

discussions about energy-related practices whilst addressing questions like: how do 

inhabitants discuss the use of equipment with the household, do these discussions and 
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engagements affect the redundancy in the home, and does anyone take charge of the 

equipment? 

3.4.4 Technologies 

¢ŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ƻƴŜ ƻŦ ǘƘŜ ŜƭŜƳŜƴǘǎ ƻŦ ǇǊŀŎǘƛŎŜ ǘƻ ōŜ ΨǇǊŀŎǘƛǎŜŘΩΣ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ŎŜǊǘŀƛƴ 

know-how or habits about how to use these technologies within the practice, relating to the 

physical features of the home and its materials (Bartiaux et al., 2014; Hansen, Gram-Hanssen 

and Knudsen, 2018). Gram-Hanssen (2010) refers to technologies as products that hold the 

practice together. Reckwitz (2002a) refers to technologies as material understandings that 

are able to act as resources in practices. According to practice theory, materials are handled 

ƛƴ ǎǇŜŎƛŦƛŎ ǿŀȅǎ ǿƛǘƘƛƴ ǇǊŀŎǘƛŎŜǎΣ ǿƛǘƘ Ψƪƴƻǿ-how about using these things (Reckwitz, 

2002a). However, as Warde (2014) states, it is crucial to focus on social structures and social 

ŘƛŦŦŜǊŜƴŎŜǎ ǿƘŜƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ǊŜƭŀǘŜŘ ǘƻ ŜƴŜǊƎȅ ŀƴŘ ŎƭƛƳŀǘŜ ƛǎǎǳŜǎΦ 

Households rely on technologies, which involve things and products within practice theory, 

to perform their daily routines, and such technologies may define or change their practices 

(Wethal, 2020). 

According to Gram-Hanssen (2008), new technologies in homes go through phases where 

households initially resist and are unsure of the advantages, or they become interested with 

less resistance. It is more challenging to encourage inhabitants to adopt new technologies 

that directly interfere with well-established practices associated with strong cultural norms, 

such as washing machines in the 1920s and 1930s, and smart meters in the 2010s (Gram-

Hanssen, 2008; Martin and Larsen, 2024). 

In this thesis, technologies are analysed in terms of whether the heating and ventilation 

systems in the homes are able to withstand shocks and social changes, whether social 

ƘƻǳǎƛƴƎ Ƙŀǎ ǊŜŘǳƴŘŀƴŎȅΣ ŀƴŘ Ƙƻǿ ŎƘŀƴƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀŦŦŜŎǘ ƘƻǳǎŜƘƻƭŘǎΩ ŀōƛƭƛǘȅ ǘƻ ŀŘŀǇǘΦ 

¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices requires including all four of these 

elements of practice theory simultaneously as an analytical approach, recognising that 

practices include these four elements together and are not solely based on individual norms 

and attitudes (Gram-Hanssen, 2014). 
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3.5 Practice Theory and Change 

The changing nature of heating and ventilation practices through robustness, redundancy 

and adaptation to new circumstances in everyday life makes practice theory particularly 

substantial as the framework for this study. Learning is a part of changing practices, 

occurring over time as a process where the old practices coexist with newly learned 

practices (Kemmis, 2022; Tellarini and Gram-Hanssen, 2024). Sometimes changes occur due 

to extreme events; for example, the work by Wethal (2020) examines how power outages 

affect household experiences and how this disruption forces households to find new 

meanings in order to continue their daily life in rural Norwegian households. 

In the context of social change, practice theory offers a unique perspective. For instance, in 

the study of Gram-Hanssen (2010) about standby energy consumption in households, 

participants were encouraged to change their daily habits. Households that changed their 

daily habits did so either because of a change in their knowledge or a change of motivation 

following a technological rearrangement. Households that did not change their habits faced 

inertia in their routines and challenges in increasing their motivation levels. In terms of 

social change, the social differentiations of the ways in which people engage in practices 

connect with the sociological themes of collective identity (Warde, Welch and Paddock, 

2017). Collective identity can be defined as the need for people to bond in order to make 

sense of what they are doing (Melucci, 1996). In addition, according to Welch and Yates 

(2018), addressing the relationship between collective agency and everyday practices is 

necessary, as it produces patterns of consumption. In this thesis, collective agency is 

ŜȄŀƳƛƴŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎΣ ŀǎ ŜȄǇƭŀƛƴŜŘ ƛƴ {ŜŎǘƛƻƴ нΦуΣ 

ŀƴŘ Ƙƻǿ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ƛƴǘŜǊŦŀŎŜ ǿƛǘƘ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎΣ ǿƘƛŎƘ ƛǎ 

explained in the following section.  

3.6 Resilience and Inhabitant Practices within Social Housing 

3.6.1 Energy-related Inhabitant Practices and Post-Occupancy Evaluation 

In 2022/2023, Europe and the UK faced increased energy prices and threats of power cuts 

due to the consequences of the energy crisis, significantly impacting households (Bolton, 

2024; Brauer et al., 2024). Thus, it is crucial to understand the effects of the energy crisis on 

households by focusing on energy-related practices within the home. As Gram-Hanssen 
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όнлмпύ ƴƻǘŜǎΣ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛǘǎŜƭŦ ƛǎ ƴƻǘ ŀ ΨǇǊŀŎǘƛŎŜΩΤ ƛƴǎǘŜŀŘΣ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŀŎǘƛǾƛǘƛŜǎ 

that consume energy, such as cooking, washing, and showering, are considered practices. 

¢ƘŜ ŜƴŜǊƎȅ ŎƻƴǎǳƳŜŘ ǿƛǘƘƛƴ ǘƘŜ ǊŜǎƛŘŜƴǘƛŀƭ ǎŜŎǘƻǊ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ǳǎŜ ƻŦ 

appliances, behaviours, activities and lifestyles (Verhallen and van Raaij, 1981). Studies on 

energy consumption and sustainability emphasise the importance of constructing daily 

household practices and managing peak energy demand by using practice theory (Gram-

Hanssen, 2010; Strengers and Maller, 2011). Within the field of energy consumption and 

housing studies, inhabitants and their behaviour are crucial for understanding energy use 

within homes (van den Brom et al., 2019). Several studies indicate that housing energy use 

depends on behavioural patterns, which in turn depend on the characteristics of the 

inhabitants (e.g., age, occupancy level) (Yohanis et al., 2008; Steemers and Yun, 2009). A 

Danish study by Hansen, Gram-Hanssen and Knudsen (2018) finds that inhabitants 

reconfigure their practical understandings and their energy-related habits when they live in 

energy-efficient homes. These authors also suggest that material arrangements (e.g., 

ōǳƛƭŘƛƴƎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎύ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŦƭǳŜƴŎŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ŀƴŘ 

ŜƴŜǊƎȅ ŘŜƳŀƴŘ ŀŎŎƻǊŘƛƴƎ ǘƻ {ƘƻǾŜ ŀƴŘ ²ŀƭƪŜǊΩǎ όнлмпύ ǇǊŀŎǘƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎǎΦ  

According to the study by Hansen, Gram-Hanssen and Knudsen (2018), practice theory 

effectively explains energy-ǳǎŜ ōŜƘŀǾƛƻǳǊ ōȅ ŦƻŎǳǎƛƴƎ ƻƴ ΨƘƻǿΩ ǘƘŜ ŜƴŜǊƎȅ ƛǎ ǳǎŜŘ ǘƻ ŎŀǊǊȅ 

out social practices. Energy cannot be separated from these practices because it is involved 

in the bundles of social practices (Shove and Walker, 2014). Practice theory contributes to 

energy-use studies in terms of how energy is used and changed by looking at routines, social 

norms and the roles of technologies within the household (Pullinger, Lovell and Webb, 

нлмпύΦ !ƴƻǘƘŜǊ ǎǘǳŘȅ ǘƘŀǘ ŦƻŎǳǎŜǎ ƻƴ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices is that of Martin 

and Larsen (2024), which addresses how incorporating smart infrastructure in household 

ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ Ŏŀƴ ōŜ ƛƴŎǊŜŀǎŜŘ ōȅ ŎƻƴǎƛŘŜǊƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŀƭ ƪƴƻǿƭŜŘƎŜ ŀƴŘ 

everyday experiences of their social practices. They also highlight that the energy sector 

prioritises technological interventions, economic advantages, and forms of institutionalised 

knowledge, but often neglects to implement practical knowledge in practices.  

The user experience of and satisfaction in new-build homes in the UK is mostly assessed 

ǳǎƛƴƎ th9Σ ǿƘƛŎƘ ŀƛƳǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀŦǘŜǊ ŎƻƴǎǘǊǳŎǘƛƻƴΣ 
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including whether it meets the expectations of its users (Federal Facilities Council, 2001; 

Maslova and Burgess, 2023). POE originated in the US, and it was introduced to appraise 

building performance after it has been handed over and occupied (Bordass, 2003; Palmer, 

Terry and Armitage, 2016). However, the evidence shows that POE is not implemented 

effectively. The practical research tends to be mostly quantitative and does not include in-

ŘŜǇǘƘ ǉǳŀƭƛǘŀǘƛǾŜ ǊŜǎŜŀǊŎƘΣ ǿƘƛŎƘ ƳŀƪŜǎ ƛǘ ŘƛŦŦƛŎǳƭǘ ǘƻ ŦƛƴŘ ǘƘŜ ǊŜŀǎƻƴǎ ōŜƘƛƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ 

experiences of their homes (Bordass, 2003; Parn et al., 2015; Palmer, Terry and Armitage, 

2016). As explained in Section 3.3, behavioural assessments should be included in POE 

methods to gain a more in-ŘŜǇǘƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ōŜƘŀǾƛƻǳǊǎ ŀƴŘ Ƙƻǿ ǘƘŜȅ 

inhabit their homes (Gill et al., 2010). Gathering real-time user data and feedback through 

POE informs designers and developers about evolving user needs (Maslova and Burgess, 

2023).  

9ƴŜǊƎȅ ǇǊŀŎǘƛŎŜǎ ƘŜƭǇ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ŜƴŜǊƎȅ ƛǎ ŜƳōŜŘŘŜŘ ƛƴ ƛƴƘŀōƛǘŀƴǘǎΩ Řŀƛƭȅ ǇǊŀŎǘƛŎŜǎ 

that meet their needs (Morley, 2018). Thus, practice theory can be used to understand 

ƛƴƘŀōƛǘŀƴǘǎΩ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ōŜƘŀǾƛƻǳǊǎ ǘƘǊƻǳƎƘ ƪƴƻǿ-how, rules, engagements and things 

(Brauer et al., 2024). These elements are linked together to configure the practice. For 

ŜȄŀƳǇƭŜΣ Řŀƛƭȅ ǎƘƻǿŜǊƛƴƎ ƛǎ ŘŜǇŜƴŘŜƴǘ ƻƴ ΨǘƘƛƴƎǎΩ ǎǳŎƘ ŀǎ ǎƘƻǿŜǊǎ ŀƴŘ ŘƻƳŜǎǘƛŎ ǿŀǘŜǊ 

ǎȅǎǘŜƳǎΣ Ψƪƴƻǿ-ƘƻǿΩ ƻƴ Ƙƻǿ ǘƻ ǿŀǎƘ ƻƴŜǎŜƭŦΣ ΨǊǳƭŜǎΩ ƻƴ ƳŀƛƴǘŀƛƴƛƴƎ ƎƻƻŘ ƘȅƎƛŜƴŜΣ ŀƴŘ 

ΨŜƴƎŀƎŜƳŜƴǘǎΩ ƛƴ ǘǳǊƴƛƴƎ ǘƘŜ ǎƘƻǿŜǊ ƻƴ ŀƴŘ ƻŦŦΦ tǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ǘƘǳǎ ŘŜƳƻƴǎǘǊŀǘŜǎ Ƙƻǿ 

these four elements come together and co-evolve by creating norms of comfort and 

usability in the process (Shove and Trentmann, 2018). 

3.6.2 Evaluating Resilience 

The concepts of robustness, adaptation and redundancy each address problems at particular 

scales, but none covers the full range of energy-related practices in social housing resilience. 

This study aims to clarify the relationships between robustness, adaptation and redundancy 

as drivers of resilience and use them together as a resilience framework linked with the 

elements of practice theory to suggest policy recommendations for future-proofing social 

housing. This section outlines the evaluations needed in order to understand resilience in 

relation to energy-related practices in UK social housing using document analysis and NVivo 
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ŎƻŘƛƴƎΦ LƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ŀǊŜ ŜǾŀƭǳŀǘŜŘ ǳǎƛƴƎ ǎŜƳƛ-structured interviews and a usability 

questionnaire, which are thematically analysed using NVivo. 

In this research, robustness is defined as the ability of systems (heating and ventilation) in 

the home to carry on performing despite shocks and social changes. Social change here 

ǊŜŦŜǊǎ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ǇǊŀŎǘƛŎŜǎΣ ƻŎŎǳǇŀƴŎȅ ŎƘŀƴƎŜǎ ŀƴŘ ŘƛŦŦŜǊŜƴǘ 

household demographics. The discussion between the inhabitants is explored and analysed 

by asking the inhabitants how they discuss their energy-related practices in the home (e.g., 

opening windows). To understand how adaptable the home is in terms of social change, 

ŘƛŦŦŜǊŜƴǘ ƘƻǳǎŜƘƻƭŘ ŎƻƳǇƻǎƛǘƛƻƴǎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ƻŦ ǇǊŀŎǘƛŎŜǎ ŀǊŜ ŀƴŀƭȅǎŜŘ ƛƴ 

the semi-structured interviews and usability surveys. Redundancy is explored by examining 

occupancy changes and the availability of multiple means of carrying out the same energy-

related function. For instance, if more inhabitants live in the home, additional alternatives 

όŜΦƎΦΣ ŀ ƘŜŀǘŜǊ ƛƴ ŜŀŎƘ ƛƴƘŀōƛǘŀƴǘΩǎ ǊƻƻƳ ƛŦ ǘƘŜ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳ Ŧŀƛƭǎύ ŜƴǎǳǊŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŜǾŜƴ 

if one system fails. 

3.7 Summary  

Gram-IŀƴǎǎŜƴΩǎ όнлмлύ ŀǇǇǊƻŀŎƘ ǘƻ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ǇǊƻǾƛŘŜǎ ŀ ǎǳƛǘŀōƭŜ ŦǊŀƳŜǿƻǊƪ ǘƻ 

explore and understand resilience in relation to energy-related practices and social change. 

This theoretical approach, which focuses on how people act, carry out and shape practices in 

the real world, offers key elements that can be used as an analytical tool for achieving a 

deep understanding of the research topic. The methodological choices made throughout this 

research (see Chapter 4) seek to maximise the potential of the practice theory approach. 

Therefore, this thesis examines resilience in social housing through the four elements of 

practice theory: know-how and embodied habits, institutionalised knowledge and rules, 

engagements, and technologies. As set out in this chapter, using the practice theory 

ŀǇǇǊƻŀŎƘ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ǘƘŜƛǊ ŜƴŜǊƎȅ-related practices offers 

the potential for uncovering hidden practices that influence the resilience of homes and 

identifying the underlying issues. The next chapter explores the methodology of this thesis.  
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CHAPTER 4: METHODOLOGY 

4.1 Introduction 

This chapter sets out the methodological approach used to investigate the research gap 

identified in Chapter 2 using practice theory as detailed in Chapter 3. The research uses a 

mixed methods approach to understand social housing resilience in terms of social change 

by looking at energy-related practices in households, focusing on the everyday practices of 

inhabitants and the design intentions of the design team. A case study approach is adopted 

within a large housing development, using multiple data collection methods. Data analysis is 

carried out in two cycles of coding, followed by a thematic analysis and mapping, moving 

from inductive to abductive reasoning. 

In this chapter, the methodological approach (Section 4.2) and case study design (Section 

4.3) are presented first. Then the data collection methods using the mixed methods 

approach are explained (Section 4.4), followed by the data analysis methods (Section 4.5). 

The positionality of the researcher and reliability are discussed (Section 4.6). An 

interpretation and triangulation (Section 4.7) and a chapter summary (Section 4.8) are then 

presented. 

4.2 Methodological Approach 

Resilience in social housing is examined through the lens of practice theory in order to 

understand the relation between design, practices and resilience. A mixed methods 

approach allows researchers to address complicated research questions and collect richer 

data than any single method (Yin, 2018, p. 63). Thus, to achieve the aim and objectives of 

the research, a mixed methods approach with a question-driven perspective is used 

(Schatzki, Knorr-Cetina and Savigny, 2001; Gram-IŀƴǎǎŜƴΣ нлмлΤ hΩ[ŜŀǊȅΣ нлнмύΦ ¢Ƙƛǎ ǎǘǳŘȅ 

ǎŜŜƪǎ ǘƻ ŀƴǎǿŜǊ ΨƘƻǿΩ ŀƴŘ ΨǿƘȅΩ ǉǳŜǎǘƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices 

and provide an extensive and in-depth description of resilience in social housing, thus using 

case study research is appropriate (Yin, 2018, chap. 1). A cases-within-a-case approach is 

used in this study to develop a detailed understanding of the issues described above by 

examining specific examples with different characteristics (Flyvbjerg, 2006; Yin, 2018, chap. 

2).  
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Figure 4.1 illustrates the research design of this thesis, explaining the whole research 

process from beginning to end by linking the research questions and objectives to each 

method. The mixed methods approach includes a literature review, which guides the 

development of the research questions, aim and objectives, followed by a document review 

and a POE using both qualitative (semi-structured interviews) and quantitative (usability 

questionnaire) methods using a cases-within-a-case approach to gain in-depth knowledge of 

ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices in relation to resilience in social housing. The POE data 

were collected based on the questions related to robustness, adaptation and redundancy in 

ǘŜǊƳǎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices. The interview questions were based on a 

matrix prepared by the researcher, linking resilience drivers with Gram-IŀƴǎǎŜƴΩǎ όнлмлύ 

practice theory elements as an analytical tool. After collecting data, the data analysis was 

conducted using NVivo coding and cross-case synthesis with thematic analysis and mapping 

to identify themes and patterns. The role of the mixed methods approach with a cases-

within-a-ŎŀǎŜ ŀǇǇǊƻŀŎƘ ƛǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ΨƘƻǿΩ ŀƴŘ ΨǿƘȅΩ ό¸ƛƴΣ нлмуύΣ ŀƴŘ ǘƘŜ Ŧƛƴŀƭ ǇŀǊǘ ƻŦ 

ǘƘƛǎ ŀƴŀƭȅǎƛǎΣ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ŀƴŘ ǘǊƛŀƴƎǳƭŀǘƛƻƴΣ ǎŜŜƪǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ΨǿƘȅΩ ƛƴ ƻǊŘŜǊ ǘƻ ƛŘŜƴǘƛŦȅ 

key insights for future-proofing social housing, and so provide policy and practice 

recommendations.  
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Figure 4.1 Research design of this thesis 



 58 

Table 4.1 summarises the research questions, objectives and methods, and how they 

interlink. The research questions and related objectives are shown in the first and second 

rows, respectively. Each column shows the related question and objectives (e.g., Question 1 

is answered by Objective 1 shown in the first column). The methods are shown in the third 

row, and the specific methods used to address each related research question and the 

objectives are shown in each column (e.g., to answer Question 1, the literature review and 

document review are used as methods). The last row summarises each method used to 

answer the relevant research question.  

Table 4.1 Research structure 

Research Questions, Objectives and Methods 

Research 

Question 

Question 1 

What are the main 

opportunities for 

and barriers to 

designing robust, 

adaptable and 

redundant social 

housing in the UK? 

Question 2 

What are the underlying 

factors of robustness, 

adaptation and 

redundancy in social 

housing developments? 

Question 3 

How do inhabitants 

discuss their 

energy-related 

practices in the 

household and how 

does this interface 

with the 

robustness, 

adaptation and 

redundancy in 

social housing 

design? 

Question 4 

How can social 

housing be future-

proofed to become 

more robust, 

adaptable and 

redundant over 

time? 

Objectives 

Related to 

Each 

Question 

Objective 1 

Understand the 

state-of-the-art of 

the discourse 

about robustness, 

adaptation and 

redundancy of 

social housing in 

the UK 

Objective 2 

Develop an 

understanding of 

underlying robustness, 

redundancy and 

adaptation in a selected 

social housing case study 

Objective 3 

Explore and explain 

robustness, 

adaptation and 

redundancy of the 

selected social 

housing design and 

inhabitantǎΩ 

discussions 

regarding energy-

related practices 

Objective 4 

Identify key insights 

for a new 

understanding of 

resilient social 

housing in relation to 

ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-

related practices in 

the household to 

help future-proof 

homes 

Methods Literature review 

(Chapter 3) 

Document review 

(4.4.2) 

Document review (4.4.2) 

Case-study interviews 

(4.4.3) 

Usability survey (4.4.4) 

Data analysis (4.5) 

Thematic analysis 

(4.5.4.1) and 

mapping (4.5.4.2) 

Data analysis (4.5) 

Interpretation and 

triangulation (4.7) 
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Visual recording (4.4.5) 

Data analysis (4.5) 

 

Summary 

of Method 

Literature review 

of academic 

papers, 

regulations, 

government and 

product websites 

Review of selected 

case study 

documents 

including project 

brief, drawings 

(plans, sections, 

elevations) and 

specifications 

Cases-within-a-case: A 

large social housing 

development  

Semi-structured 

interviews with design 

team: Project 

coordinator, project 

developer and architect 

Semi-structured 

interviews and usability 

survey with inhabitants 

Recording the photos of 

ƛƴƘŀōƛǘŀƴǘǎΩ ƘŜŀǘƛƴƎ ŀƴŘ 

ventilation controls 

within their homes 

Two coding cycles 

using NVivo 

Cross-case 

synthesis through 

thematic analysis 

using practice 

theory  

Thematic analysis 

Interpretation and 

triangulation of 

analysed data 

  

4.3 Case Study Design 

4.3.1 Case Study Selection Strategy 

! ŎŀǎŜ ǎǘǳŘȅ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ Ψŀ ŘŜǘŀƛƭŜŘ ŜȄǇƭƻǊŀǘƛƻƴ ŀƴŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŀ ǇŀǊǘƛŎǳƭŀǊ 

situation embedded in the real world for the purpose of seeking evidence, constructing 

ƎŜƴŜǊŀƭƛǎŀǘƛƻƴǎ ŀƴŘ ƛƴǎƛƎƘǘǎ ǘƻ ƎŜǘ ǘƘŜ ōŜǎǘ ǇƻǎǎƛōƭŜ ŀƴǎǿŜǊǎ ǘƻ ǘƘŜ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴǎΩ 

όDƛƭƭƘŀƳΣ нлллΣ ǇΦ мύΦ ! ŎŀǎŜ ǎǘǳŘȅ ŀƴǎǿŜǊǎ ŜȄǇƭƻǊŀǘƻǊȅ ǉǳŜǎǘƛƻƴǎ ƭƛƪŜ ΨƘƻǿΩ ŀƴŘ ΨǿƘȅΩ ŀƴŘ 

focuses on generating in-depth knowledge within a real-world context (Yin, 2018, p. 13). In 

this research, a cases-within-a-case approach and cross-case analysis help to explain the link 

between the cases (Yin, 2018). A cases-within-a-case approach is the in-depth exploration 

and understanding of a single case as a stand-alone entity (Mills, Durepos and Wiebe, 2010). 

¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ƛǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ǘƘŜǎƛǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ŎŀǎŜΩǎ ǳƴƛǉǳŜ ŀǘǘǊƛōǳǘŜǎ ŀƴŘ ǇŀǘǘŜǊƴǎ ōȅ 

examining the homes within the single large social housing development, and then 

conducting a cross-case comparison to identify what households have in common as well as 

what attributes of each household are unique (Mills, Durepos and Wiebe, 2010; Yin, 2018). 

The strategy used to select the case study was based on maximising the usability and 

significance of the information gathered from the case, with the intention of understanding 
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ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ όCƭȅǾōƧŜǊƎΣ нллмύΦ ¢ƘǳǎΣ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ŀƴ ΨƛƴŦƻǊƳŀǘƛƻƴ-oriented 

ǎŜƭŜŎǘƛƻƴΩ ǿƛǘƘ ǘƘŜ ΨƳŀȄƛƳǳƳ ǾŀǊƛŀǘƛƻƴΩ ǘȅǇŜ ƻŦ ŎŀǎŜ ǎǘǳŘȅ ǿŀǎ ǳǎŜŘ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǾŀƭǳŜ ƻŦ 

information for the case study process and its outcome (Flyvbjerg, 2006).  

This case study design involved 16 homes within a single large social housing association and 

analysis was performed at numerous levels, both within and between selected homes (Yin, 

2018). In this thesis, environmental conditions serve as a control group to ensure that 

ǾŀǊƛŀǘƛƻƴǎ ƛƴ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ Ŏŀƴ ōŜ ƳƻǊŜ ŎƭŜŀǊƭȅ ŜȄŀƳƛƴŜŘΦ ¢ƘŜ ǎǘǳŘȅ ŦƻŎǳǎŜǎ ƻƴ ŀ 

single large housing development in Sheffield, in a single climate zone, where all homes have 

similar physical attributes (heating and ventilation systems, as outlined in Table 4.2). This 

approach mitigates confounding variables related to environmental differences and enables 

a more focused exploration of socio-ŘŜƳƻƎǊŀǇƘƛŎ ƛƴŦƭǳŜƴŎŜǎ ƻƴ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎΦ  

While this approach facilitates a more focused investigation into social and behavioural 

factors, it is acknowledged that future climate uncertainties could influence resilience in 

ways not fully captured within the scope of this thesis. This limitation is acknowledged, and 

its impact on resilience and housing research is elaborated upon in the further research 

section. 

Table 4.2 Case study characteristics 

Tenure Type Social housing 

Typology One-bed flat 

Two-bed flat 

Three-bed semi-detached house 

Project Completion Date Newly built in 2016 

Location Sheffield, UK 

Energy Level EPC rating score range 81-86 (Energy Rating 

B) 

Code for Sustainable Homes Level 3 

Heating System Gas central heating with gas combi boilers 

Radiators with thermostatic valves 

Room thermostat 

Digital heating programmer 

Ventilation System Mechanical extract ventilation (MEV) 

Extractor fans 

Double-glazed windows 
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Trickle vents 

Doors (10mm gap from the floor) 

The majority of social housing in Sheffield comprises houses (46%) or flats (40%) that have 

one to three bedrooms (Sheffield City Council, 2017). The selected housing typologies of 

one-bed flats, two-bed flats and three-bed semi-detached houses were chosen in this study 

because they reflect a broad range of typical social housing types in Sheffield. These housing 

types are among the most common in social housing stock and thus serve the broader 

housing market for low-income households (Sheffield City Council, 2017). Each housing 

typology presents distinct challenges and opportunities regarding energy efficiency and 

heating and ventilation systems, making them ideal for exploring the diversity of energy-

related practices. 

The selection of 16 homes was designed to include a variety of household compositions to 

represent a range of social contexts. A mixture of household types, including single people, 

couples and families, were chosen to capture a broad range of energy usage behaviours and 

practices. This variation allowed the study to explore how household size and demographic 

factors influence energy consumption and energy practices. 

The case study of these 16 homes resulted in a total of 18 semi-structured interviews with 

inhabitants, 26 usability survey with inhabitants, and three semi-structured interviews with 

the design team, namely the project coordinator, project developer and architect. Of the 16 

homes, 12 homes had at least two inhabitants, and four homes had one inhabitant each. 

¢ƘŜ мн ƘƻƳŜǎ ǿƛǘƘ ŀǘ ƭŜŀǎǘ ǘǿƻ ƛƴƘŀōƛǘŀƴǘǎ ǇǊƻǾƛŘŜŘ Řŀǘŀ ŀōƻǳǘ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎΦ 

The four homes with one inhabitant were included to understand their habits and how they 

use their heating and ventilation equipment. 

¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ǎŀǘǳǊŀǘƛƻƴ ƛǎ ǿƛŘŜƭȅ ǳǎŜŘ ƛƴ ǉǳŀƭƛǘŀǘƛǾŜ ǎǘǳŘƛŜǎ ŀǎ ΨŘŀǘŀ ǎŀǘǳǊŀǘƛƻƴΩ ƻǊ 

ΨǘƘŜƳŀǘƛŎ ǎŀǘǳǊŀǘƛƻƴΩΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ǘƘŜ ŎƻƭƭŜŎǘŜŘ Řŀǘŀ ƘŀǾŜ ŎŀǇǘǳǊŜŘ ǘƘŜ ŘŜǇǘƘΣ ŘƛǾŜǊǎƛǘȅ 

and content of the issues being studied (Francis et al., 2010; Hennink, Kaiser and Marconi, 

2017). According to Lincoln and Guba (1985), the sample size can be determined by seeing 

when no new information is gathered when more units are sampled. This research took the 

approach of Francis et al. (2010) to reach thematic saturation, which involves two main 

principles: the researcher specifies an initial analysis sample (e.g., 10 interviews) for the first 
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round of analysis, and a stopping criterion, that is a number of interviews (e.g., three 

interviews) for further analysis that are conducted until no new themes emerge. In this 

research, the sample size was 21 semi-structured interviews and 26 usability questionnaires. 

The researcher started the first round of analysis with 11 semi-structured interviews, and 

analysed seven more interviews in the second round, which was sufficient to reach thematic 

saturation. After the total of 18 semi-structured interviews, no new themes related to the 

energy-related practices in the social housing emerged. Three more interviews were 

analysed after the second cycle of analysis to confirm data saturation.  

4.3.2 New-build Housing Association Homes 

As the need for emission reduction and energy-efficient new-build homes continues to rise, 

ǘƘŜǊŜ ƛǎ ŀ ƎǊƻǿƛƴƎ ŘŜƳŀƴŘ ŦƻǊ ƴŜǿ ǎƻŎƛŀƭ ǊŜƴǘŀƭ ƘƻƳŜǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǿƛǘƘ ǘƘŜ ¦YΩǎ ŀƎŜƛƴƎ 

population, there needs to be more housing suitable for the elderly (Goddard, 2022). It is 

important to understand how new-build homes respond to the housing problem in the UK 

(see Section 1.2). IƻǳǎƛƴƎ ŀǎǎƻŎƛŀǘƛƻƴǎ Ǉƭŀȅ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ¦YΩǎ ƘƻǳǎŜ-building 

programme and low-energy housing construction, making new-build housing association 

developments appropriate as a case study for this research. 

The case study selection aimed for a mixture of typologies of new-build social housing (see 

Table 4.2 for case study characteristics). This ensured maximum variation in typologies and 

socio-demographic data of inhabitants (presented in  

Table 4.6). The initial approach was made by email to key contacts from various housing 

associations in 2021 during the Covid-19 period. The researcher explained the aims and 

research scope and provided a research proposal and case study brief, which included case 

study characteristics (see Table 4.2). The housing association was selected based on its 

willingness to participate and compatibility with the case study brief.  

4.3.3 Practical and Ethical Considerations of the Case Study 

Ethical issues like informed consent, confidentiality, anonymity, and privacy had to be 

carefully considered throughout the research process (Byrne, 2017). Therefore, this study 

was conducted according to the ethical policy of the University of Sheffield. After gaining 

ethical approval (see Appendix 6) in 2022, all the participants were contacted by the housing 
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association via an email that the researcher had prepared, which included a participant 

invitation letter. Owing to the limited number of participants that were willing to be involved 

in the research, the invitation letters were also sent by post to each household within the 

large housing development. In order to increase participation rates, the researcher 

ŎƻƴŘǳŎǘŜŘ ǎƛǘŜ Ǿƛǎƛǘǎ ǿƛǘƘ ƻƴŜ ƻŦ ǘƘŜ ƘƻǳǎƛƴƎ ŀǎǎƻŎƛŀǘƛƻƴΩǎ ƴŜƛƎƘōƻǳǊƘƻƻŘ ƻŦŦƛŎŜǊǎ ǘƻ ŜȄǇƭŀƛƴ 

the research to each household face-to-face. Information sheets were given to the 

inhabitants who expressed interest in participating the research. The project coordinator 

and project developer were first contacted through the housing association, and once the 

researcher had their details, the researcher contacted them by email. The architect was 

contacted by the researcher through the architectural company, of which the architect is a 

partner. Information sheets and the consent forms were sent to the design team by email 

after they agreed to participate in the research.  

The planning and data collection stage of this research were directly affected by the Covid-

19 pandemic. It took longer to recruit participants willing to engage in the research, and 

because of Covid-19, the majority of the inhabitants preferred to participate over the phone 

rather than face-to-ŦŀŎŜΣ ƛƳǇŀŎǘƛƴƎ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ƻōǎŜǊǾŜ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ ŘǳǊƛƴƎ 

the interviews. Additionally, some interviews had to be rescheduled due to participants 

contracting Covid. 

4.4 Mixed Methods Approach 

/ƻƳōƛƴƛƴƎ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀƴŘ ǉǳŀƭƛǘŀǘƛǾŜ ƳŜǘƘƻŘǎ ǇǊƻǾƛŘŜǎ ŀ ƎƻƻŘ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ΨƎǊƻǳƴŘΩ 

practice analysis in the POE studies. This approach provides a baseline for evaluating the 

outcome of inhabitant practices within the physical context of social housing (Leaman, 

Stevenson and Bordass, 2010; Foulds, Powell and Seyfan, 2013). According to RIBA (2020), 

th9 ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ƎŀǘƘŜǊƛƴƎ ŦŜŜŘōŀŎƪ ƻƴ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀŦǘŜǊ 

occupancy, including collecting information on the building, its energy use, and user 

ǎŀǘƛǎŦŀŎǘƛƻƴΦ ¢ƘǳǎΣ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǘƻ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related 

practices within the home, POE was conducted through document review (see Section 

4.4.2), semi-structured interviews (see Section 4.4.3), and usability surveys (see Section 

4.4.4). The following sections provide a detailed description of how this research used the 

mixed methods approach by explaining how each method was used and why it was chosen. 
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Table 4.1 illustrates the methodological approach of this thesis, showing how various 

research methods relate to each other and to the research objectives. 

4.4.1 Literature Review 

Literature reviews play a key role in reducing a broad range of literature and a rigorous 

review of the references in order to refine the knowledge gap and research questions (Groat 

and Wang, 2013; Hart, 2018). A literature review was conducted to identify all the relevant 

studies, synthesise the findings and understand what these articles included and excluded to 

reveal the research gap (Jesson, Matheson and Lacey, 2011). A detailed explanation of the 

literature review method was provided in Section 2.2, which included the search strategy in 

the selected databases (Scopus, Web of Science and Science Direct), the results of the 

search and how the research gap was revealed. Given the objectives of the literature review 

for this study, which are to understand energy-related practices and the requirements in the 

subject area, grey literature, such as building regulations, heating and ventilation system 

product websites and government websites, were accessed by internet search. 

4.4.2 Document Review 

Documents are defined as written texts that can be published or unpublished, or printed, 

photographed or recorded material that can be used to present information or processes 

(Nock and Scott, 1991; Dolowitz, Buckler and Sweeney, 2008). In this research, the 

document review was used as part of the auditing process of POE in order to understand the 

process of the project over time, its construction strategy, and the actions taken during the 

design and delivery of the project (Stevenson, 2019, p. 83). A careful and comprehensive 

document review was conducted to: understand the case study scheme; determine what 

within the case study accounts for robustness, redundancy and adaptation, or creates 

ōŀǊǊƛŜǊǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices and discussions (Objective 1); 

and test the reality of things (technologies and design) against the interviews in order to 

understand more deeply the underlying robustness, redundancy and adaptation in the case 

study (Objective 2). Key documents for analysis included the brief (design intentions), plans, 

sections, elevations and specifications for the development. A checklist of case study 

documents (see Table 4.3) was requested from the housing association prior to the 

interviews with the design team and inhabitants. Additional documents were studied to 
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understand what the inhabitants were doing in relation to their home energy management, 

which helped to shape interview questions (see Appendix 8 to Appendix 10) and 

observations, including induction and maintenance documents (see Table 4.3). The 

document review of the case study informed the interviewing and enabled comparison of 

the design intentions with the actual practice. 

Table 4.3 Requested case study documents 

Corporate 
IƻǳǎƛƴƎ ŀǎǎƻŎƛŀǘƛƻƴΩǎ Ǿƛǎƛƻƴ ŀƴŘ ǾŀƭǳŜǎ 

Development strategy 

Corporate policies and strategies related to sustainability, energy 

efficiency, building standards 

Housing 

Development 

Key project participants: hƻǳǎƛƴƎ ŀǎǎƻŎƛŀǘƛƻƴΩǎ ǇǊƻƧŜŎǘ ŘƛǊŜŎǘƻǊΣ 

architect, project developer 

Project timeline and phasing 

Site layout plan 

Housing layout plans, sections and elevations 

Scheme specification including the standards specified for energy 

efficiency 

Mechanical information documents: heating and ventilation layout 

plans and technical specifications 

Construction types, including window/door details 

Heating and ventilation equipment product information, instruction 

manuals, user instructions, maintenance instructions 

Energy Performance Certificate 

Housing 

Development 

Handover 

Home user guides (see Appendix 17) 

Maintenance handbook 

 
4.4.3 Semi-structured Interviews 

The difference between quantitative and qualitative research is that quantitative methods 

ƭƻƻƪ ŀǘ ΨǿƘŀǘΩ ǊŜǎƛŘŜƴǘǎ Řƻ ǿƘƛƭŜ ǉǳŀƭƛǘŀǘƛǾŜ ŀǇǇǊƻŀŎƘŜǎ ǎŜŜƪ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ΨƘƻǿΩ ŀƴŘ ΨǿƘȅΩ 

ǘƘŜ ǊŜǎƛŘŜƴǘǎ Řƻ ǘƘƛƴƎǎ όŜΦƎΦΣ ƛƴǘŜǊŀŎǘƛƻƴǎΣ ŜƴƎŀƎŜƳŜƴǘǎΣ Ƙŀōƛǘǎ ŀƴŘ ǊŜŦƭŜŎǘƛƻƴǎύΩ ό.ŀƪŜǊ ŀƴŘ 

Edwards, 2012). LƴǘŜǊǾƛŜǿǎ Ŏŀƴ ōŜ ǾŜǊȅ ǳǎŜŦǳƭ ŦƻǊ ŜȄǇƭŀƛƴƛƴƎ ǘƘŜ ΨƘƻǿΩ ŀƴŘ ΨǿƘȅΩ ƻŦ ƪŜȅ 

ŜǾŜƴǘǎΣ ǊŜŦƭŜŎǘƛƴƎ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǇŜǊǎǇŜŎǘƛǾŜǎ ό¸ƛƴΣ нлмуύΦ ¢ƘŜǊŜ ƛǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ 

between structured and semi-structured interviews. Structured interviews have a limited 

set of response categories because the interviewer asks highly structured questions; in 
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contrast, in addition to the structured questions, semi-structured interviews allow new 

perspectives and issues to be brought up by the respondents (Fontana and Frey, 1994; Yin, 

2018). 

The validation of the semi-structured interviews is important to demonstrate the credibility 

of the data and findings. One way to ensure validation is triangulation, where the researcher 

finds a nexus from different sources of information in order to form themes and categories 

by eliminating overlapping areas of research data (Creswell and Miller, 2000). This is usually 

done using multiple approaches, such as observations, document reviews and interviews, 

amongst others, in different combinations for achieving broader results (Denzin and Lincoln, 

2013).  

4.4.3.1 Interviewee Selection 

The main reason for conducting a cases-within-a-case approach in this research was to build 

an understanding of the issues in rich detail through the specific examples with different 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ŎƻƴǘŜȄǘǎ ό¸ƛƴΣ нлмуύΦ ¢ƘǳǎΣ ŀƴ ΨƛƴŦƻǊƳŀǘƛƻƴ-ƻǊƛŜƴǘŜŘ ǎŜƭŜŎǘƛƻƴΩ 

ƻŦ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅ ǿŀǎ ƳŀŘŜΣ ŀƴŘ ǘƘŜ ƛƴǘŜǊǾƛŜǿŜŜǎ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ǳǎƛƴƎ ΨǎƴƻǿōŀƭƭƛƴƎΩ ŀǎ 

sampling strategy, reflecting the aim of this research and providing a basis for analysis within 

and between the households (Flyvbjerg, 2006; Flick, 2018). The invitation letters prepared 

by the researcher were sent to participants by the housing association; however, to increase 

the number of participants, the case study site was visited by the researcher with one of the 

neighbourhood officers.  

Using the snowballing strategy for sampling helped to increase the number of participants, 

ŀǎ ǘƘŜ ƛƴǘŜǊǾƛŜǿŜŜǎ ǇǊƻǾƛŘŜŘ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ƻǘƘŜǊ ǇƻǘŜƴǘƛŀƭ ƛƴǘŜǊǾƛŜǿŜŜǎ 

within the housing development (Flick, 2018). As a result, the overall sampling strategy 

changed dramatically through snowballing, as more participants were formally interviewed. 

The snowballing approach that was used to recruit participants resulted in participants being 

quite similar in terms of their world view and social characteristics. In this case, snowball 

sampling resulted in a sample dominated by older individuals, skewing the participant 

profile in favour of those over the age of 50 (see Table 4.6). This homogeneity aligns with 

patterns observed in UK social housing, where the largest age group among social housing 

renters is 45 to 64 years old (Ministry of Housing, Communities and Local Government, 
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2024). However, this homogeneity also underscores the limitations of the snowballing 

method in achieving broader diversity (Parker, Scott and Geddes, 2019). Reflecting on the 

implications of using the snowballing approach, this study focused on a population 

associated with the social housing context and the sampling naturally drew from a 

population which reflects the demographic pattern of this housing context in the UK.  

The research includes one household with two adults and children under 18, one household 

with three adults, 10 households with two adults (the majority of them are older couples). 

The presence of children in a household has a crucial influence on household energy 

dynamics, as they significantly shape energy consumption patterns and household routines 

(Fell and Chiu, 2014). However, in the context of present study, they are not fully captured 

due to the selected social housing case study primarily accommodating older people. This 

research focuses on older inhabitants due to their specific energy challenges, such as 

heating needs, vulnerability to fuel poverty, or limited mobility, which makes them more 

dependent on consistent and affordable energy. As a result, this study does not fully capture 

the diverse dynamics found in family households with children, which is acknowledged as a 

limitation and discussed in the limitations and further research sections. (see Sections 1.7, 

8.5 and 8.6). 

Initially, a total of three semi-structured interviews with the design team were conducted 

(see Appendix 11 to Appendix 13) in order to gain a better understanding of energy-related 

design intentions (see Table 4.4). After the design team interviews, a total of 18 semi-

structured interviews with inhabitants were conducted. These aimed to understand how the 

inhabitants use the heating and ventilation equipment in the households, how social 

changes affect their energy-related practices, and how they discuss their energy-related 

practices with one another within the household (see Table 4.4).  

Table 4.4 Overview of the semi-structured interviews with inhabitants and design team 

Type of Participant Number Comment 

Inhabitant 5 Semi-structured face-to-face interview, recorded and 

transcribed 

13 Semi-structured phone interview, recorded and 

transcribed 

Project director 1 Semi-structured Google Meet interview, recorded and 
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transcribed 

Project coordinator 1 Semi-structured Google Meet interview, recorded and 

transcribed 

Architect 1 Semi-structured Zoom interview, recorded and 

transcribed 

Total 21  

 

Key design team members (see Table 4.5) were identified at the planning stage and 

contacted through the housing association. The key design team participants were selected 

based on their detailed knowledge about the housing development and its stages 

throughout the whole design and build process. The design team participants were also 

selected based on their involvement in the different stages (RIBA plan of work stages) of the 

housing development. 

Table 4.5 Design team participant characteristics 

Participant 

Number 

Role Region Organisation Type 

D1 Project director South Yorkshire Housing association 

D2 Project coordinator South Yorkshire Housing association 

D3 Architect UK-wide Architectural firm 

 

Across the single large social housing case study, the selection of inhabitants was designed 

to examine the experiences and practices of a wide range of households, varying in the 

number of adults in the household, gender, age, and housing typology (see Table 4.6). The 

aim was to explore what impact these social factors may have on energy-related practices. 

¢ƘŜ ŎŀǎŜǎ ǿƛǘƘƛƴ ǘƘŜ ƭŀǊƎŜ ƘƻǳǎƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘ ǾŀǊȅ ƛƴ ǎƛȊŜ ŀƴŘ ǘȅǇƻƭƻƎȅ ŀǎ ΨƳŀȄƛƳǳƳ 

ǾŀǊƛŀǘƛƻƴΩ ǘȅǇŜ ό¸ƛƴΣ нлмуύ ŀƴŘ ƛƴŎƭǳŘŜ ƎǊƻǳƴŘ-floor and first-floor one-bed and two-bed 

flats, and a three-bed semi-detached house.   

All inhabitants in the case study scheme were contacted by a letter (see Appendix 3) that 

ƘŀŘ ōŜŜƴ ŘǊŀŦǘŜŘ ōȅ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊ ŀƴŘ ǎŜƴǘ Ǿƛŀ ǘƘŜ ƘƻǳǎƛƴƎ ŀǎǎƻŎƛŀǘƛƻƴΩǎ ŜƳŀƛƭ ŀƴŘ ōȅ ǇƻǎǘΣ 

inviting volunteers to participate in the study. However, due to limited responses the 

researcher contacted the housing association and arranged a meeting with a neighbourhood 

officer working in the case study scheme. The researcher visited the case study scheme to 

invite participants face-to-face with the neighbourhood officer, which increased the number 

of participants who were willing to engage in the study. Not all inhabitants of each 
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household participated in the interviews, but all the inhabitants in the household filled in 

the usability questionnaire (see Appendix 7), which was important to understand the 

ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀƴŘ ǘƻ ŎŀǇǘǳǊŜ ǘƘŜƛǊ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ƘŜŀǘƛƴƎ ŀƴŘ ǾŜƴǘƛƭŀǘƛƻƴ 

equipment in the household. Some inhabitants were excluded from the invitation based on 

ǘƘŜ ƘƻǳǎƛƴƎ ŀǎǎƻŎƛŀǘƛƻƴΩǎ ƻǇƛƴƛƻƴΣ ǿƘŜǊŜ ǇŜǊǎƻƴŀƭ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ǎǳŎƘ ŀǎ ŀ ƘƛǎǘƻǊȅ ƻŦ 

violence or serious health conditions could affect the interviewing process. 

Table 4.6 Inhabitant Characteristics 

 

Participant 

Number 

Household 

Number 

Number 

of Adults 

in the 

Household 

Gender 

(male: M, 

female: F,  

other: O) 

Age 

(under 

30,  

30-50, 

51-70, 

over 

70) 

Employment 

Status 

Housing 

Typology 

EPC Rating 

Score 

A(best):92+ 

B:81-91,  

C:69-80, 

D:55-68,  

E:39-54,  

F:21-38, 

G(Worst):1-

20 

R1 H1 2 F 51 ς 70 Unemployed Ground floor 85 (B) 

R2 M 51 ς 70  Employed 

R3 H2 2 F 51 ς 70  Employed Ground floor 84 (B) 

R4 H3 2 F Over 

70 

Retired Ground floor 84 (B) 

R5 M Over 

70 

Retired 

R6 H4 1 F 51 ς 70  Employed First floor 84 (B) 

R7 H5 2 M 51 ς 70  Employed First floor 84 (B) 

R8 F 30 ς 50  Unemployed 

R9 H6 3 M 51 ς 70  Employed First floor 86 (B) 

R10 F 51 ς 70  Retired 

R11 H7 2 M 51 ς 70  Employed Ground floor 84 (B) 

R12 F 51 ς 70  Employed 

R13 H8 1 F 51 ς 70  Retired First floor 85 (B) 

R14 H9 2 M  51 ς 70  Retired Ground floor 84 (B) 

R15 H10 2 F 30 ς 50 Employed First floor 84 (B) 

R16 M 51 ς 70  Employed 

R17 H11 1 F Over 

70 

Retired Ground floor 84 (B) 
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R18 H12 2 F 51 ς 70  Retired First floor 84 (B) 

R19 M 51 ς 70  Employed 

R20 H13 2 F 51 ς 70  Unemployed First floor 84 (B) 

R21 M 51 ς 70  Retired 

R22 H14 1 F Over 

70 

Retired Ground floor 85 (B) 

R23 H15 2 M 51 ς 70  Employed Ground floor 81 (B) 

R24 F 51 ς 70  Unemployed 

R25 H16 2 F 30 ς 50  Employed Semi-detached 83 (B) 

R26 M 30 ς 50  Employed 

 

4.4.3.2 Interview Planning 

The interview appointments with the design team were scheduled by email, and any missing 

documents were requested at this stage. Owing to Covid-19, several interviews with the 

design team and inhabitants had to be rescheduled. All the interviews with the inhabitants 

were conducted around the same season (between September and February) to understand 

Ƙƻǿ ǎƻŎƛŀƭ ŎƘŀƴƎŜǎ ŀŦŦŜŎǘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices within the same season 

and location. Interview appointment times were agreed with inhabitants and confirmed by 

phone, text or email. Two households that initially agreed to participate later informed the 

researcher that they were unwilling to participate due to the heating problems in their 

homes.  

The researcher showed photo identification on arrival for the face-to-face interviews with 

the inhabitants to ensure their safety. Owing to Covid-19, the majority of the inhabitants 

preferred phone interviews rather than face-to-face, and the researcher sent the usability 

questionnaire by post prior to the interviews. Safety arrangements were implemented for 

the researcher; a friend of the researcher was present when the interviews were taking 

ǇƭŀŎŜ ƛƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƘƻƳŜǎ ŀƴŘ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊ ǎŜƴǘ ǘƘŜ ƳŜŜǘƛƴƎ ǘƛƳŜǎ ŀƴŘ ŀŘŘǊŜǎǎŜǎ ǘƻ 

supervisors by creating a Google meeting. Once the interviews were finished, the researcher 

deleted the Google meeting invite to notify the supervisors that the interview had finished. 

4.4.3.3 Interview Format 

The case study interviews were semi-structured, incorporating both structured and 

unstructured sections to allow new perspectives to emerge from the research participants in 
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a more conversational way (Galletta, 2016). All design team interviews took place online 

with using Google Meet and Zoom, and they each lasted 30ς40 minutes (Stevenson, 2019). 

The information sheet and consent forms were provided to the design team before the 

interviews. Interviews with the inhabitants were conducted at mutually convenient times. 

Five inhabitants were interviewed face-to-face; one interview was conducted in a café and 

ǘƘŜ ƻǘƘŜǊ ŦƻǳǊ ǘƻƻƪ ǇƭŀŎŜ ƛƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƘƻƳŜǎΦ ¢ƘƛǊǘŜŜƴ ƛƴƘŀōƛǘŀƴǘ ƛƴǘŜǊǾƛŜǿǎ ǿŜǊŜ 

ŘƻƴŜ ōȅ ǇƘƻƴŜΣ ƻǿƛƴƎ ǘƻ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŜŦŜǊŜƴŎŜ ŘǳŜ ǘƻ /ƻǾƛŘ-19 at the time of data 

collection. The information sheet (see Appendix 4) and consent form (see Appendix 5) were 

provided to the inhabitants prior to interviews, and they were given the opportunity to raise 

questions before signing the consent form. The inhabitant interviews lasted about 20ς50 

minutes each, and the researcher took hand-written notes from the face-to-face interviews 

in order to gain knowledge beyond what was verbalised. During the interviews, the 

ǊŜǎŜŀǊŎƘŜǊ ƴƻǘŜŘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǊŜǎǇƻƴǎŜǎΣ ŀƴŘ ƛŦ ŀƴ ƛƴƘŀōƛǘŀƴǘ ŘƛŘ ƴƻǘ ǊŜǎǇƻƴŘ ŎƭŜŀǊƭȅΣ ǘƘŜ 

question was asked again in a different way with examples.  

All the interviews were recorded on a voice recording device. The research participants had 

been informed that they would be recorded when they signed the consent form, and the 

researcher reminded them of this before starting the interview. 

4.4.4 Usability Survey 

The usability survey aimed to identify any gaps between design intentions and the actual use 

of specific technologies in the home (Baborska-bŀǊƻȍƴȅ ŀƴŘ {ǘŜǾŜƴǎƻƴΣ нлмфύΦ LƴƘŀōƛǘŀƴǘ 

diversity is often underestimated, and architects assume that inhabitants know how 

equipment in homes is used based on their own understandings and experiences 

(Stevenson, 2019). In this research, the usability survey helped to fill the gaps between the 

ŘŜǎƛƎƴ ƛƴǘŜƴǘƛƻƴǎ ŀƴŘ ǘƘŜ ŀŎǘǳŀƭ ǳǎŀƎŜ ƻŦ ǘƘŜ ΨǘƘƛƴƎǎΩ όDǊŀƳ-Hanssen, 2010). Usability 

ǎǘǳŘƛŜǎ Řƻ ƴƻǘ ŀƭǿŀȅǎ ŜȄǇƭŀƛƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƛƴŀǇǇǊƻǇǊƛŀǘŜ ǳǎŜ ƻŦ ŎƻƴǘǊƻƭǎΣ ōŜŎŀǳǎŜ 

inhabitants may lack the knowledge to use them (Baborska-bŀǊƻȍƴȅ ŀƴŘ {ǘŜǾŜƴǎƻƴΣ нлмфύΦ 

Therefore, semi-ǎǘǊǳŎǘǳǊŜŘ ƛƴǘŜǊǾƛŜǿǎ ǿŜǊŜ ŀƭǎƻ ŎƻƴŘǳŎǘŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊŜŀǎƻƴǎ ΨǿƘȅΩ 

inhabitants use or cannot use the heating and ventilation controls. The survey (see Appendix 

7) took 10ς15 minutes to complete and provided a detailed evaluation of the selected 

controls in the home, assessing how usable the heating and ventilation controls were in 
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order to understand how robust the inhabitants found them, and to understand how much 

redundancy there was. The researcher prepared the usability survey based on the usability 

and engagement tool of Baborska-bŀǊƻȍƴȅ ŀƴŘ {ǘŜǾŜƴǎƻƴ όнлмфύΣ ŀƴŘ ŀŘŀǇǘŜŘ ǘƘƛǎ ǘƻƻƭ 

based on the research questions and objectives of this thesis. The usability survey was 

expert-led because inhabitants were sometimes unclear about the control interfaces, and 

they needed reminding about how to operate them (Baborska-bŀǊƻȍƴȅ ŀƴŘ {ǘŜǾŜƴǎƻƴΣ 

2019). The survey did not include the additional heating and ventilation equipment 

introduced by the inhabitants, such as portable air conditioning units or personal de-

humidifiers. 

The usability survey covered the connection between inhabitants and the controls in their 

homes (Stevenson, 2019). This survey was very useful when combined with the document 

review and inhabitant interviews, revealing underlying usability issues in the home and 

ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ΨǘƘƛƴƎǎΩ ƛƴ ǇǊŀŎǘƛŎŜΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭ ǘƘŜ ƘŜŀǘƛƴƎ ŀƴŘ ǾŜƴǘƛƭŀǘƛƻƴ ŎƻƴǘǊƻƭ ǘƻǳŎƘ 

points affecting resilience. The researcher was present while the inhabitants filled out the 

survey to help them complete it. 

In total, 26 usability surveys were completed by the participating inhabitants in the 

households. In each household, at least one member was interviewed; however, in some 

households, the second household member chose not to participate in the interviews. To 

address the limitation of not gathering enough information about household discussions 

from both members, the researcher included questions about these discussions in the 

usability survey. These questions explored whether energy-related decisions are discussed 

collaboratively or made by a single household member. The particular questions about the 

discussions were asked for each specific heating and ventilation system control in the 

usability survey, and these questions were as follows: Ψ5ƻ ȅƻǳ ŘƛǎŎǳǎǎ ǿƛǘƘ ȅƻǳǊ ƘƻǳǎŜƘƻƭŘ 

ƳŜƳōŜǊ ǿƘŜƴ ȅƻǳ ƴŜŜŘ ǘƻ ǳǎŜ ǘƘƛǎ ŎƻƴǘǊƻƭΚΩ and Ψ5ƻ ȅƻǳ ǘŀƪŜ ŎƘŀǊƎŜ ƻŦ ǳǎƛƴƎ ǘƘƛǎ 

ƘŜŀǘƛƴƎκǾŜƴǘƛƭŀǘƛƻƴ ŜǉǳƛǇƳŜƴǘΚΩ This approach ensured that, even in households where only 

one interview was conducted, the perspectives of both members could still be captured 

through the completion of two usability surveys. 
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4.4.5 Visual Recording 

During the face-to-face interviews with the inhabitants, relevant features of the home, 

including the heating and ventilation system equipment, were photographed using the 

ǊŜǎŜŀǊŎƘŜǊΩǎ ǇƘƻƴŜ ŎŀƳŜǊŀΣ ŀŦǘŜǊ ƎŜǘǘƛƴƎ ƛƴŦƻǊƳŜŘ ŎƻƴǎŜƴǘ ŦǊƻƳ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΦ 

4.5 Data Analysis 

This section outlines the evaluations needed to understand robustness, adaptation and 

redundancy concerning energy-related practices in UK social housing using NVivo coding. 

LƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ǿŜǊŜ ŜǾŀƭǳŀǘŜŘ ǳǎƛƴƎ ǎŜƳƛ-structured interviews and usability 

questionnaires, and thematically analysed using NVivo and SPSS.   

Matrixes are based on cross-classification of two or more variables, or concepts relevant to a 

topic, reflecting the relationships among the data (Lofland, Snow and Anderson, 2006). Thus, 

a matrix was prepared by the researcher by linking robustness, adaptation and redundancy 

within resilience with Gram-IŀƴǎǎŜƴΩǎ όнлмлύ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ŜƭŜƳŜƴǘǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ 

energy-related practices within the households (see Table 4.7). The matrix was prepared 

before the data collection stage to help with developing the interview questions effectively 

for the inhabitants and design team. This matrix was also used in the data analysis stage as 

an analytical framework to understand the nexus between practice theory elements and 

resilience drivers. The discussion and conclusions in Chapters 7 and 8 were also framed 

according to this resilience matrix, helping the researcher to connect the resilience 

ƛƴŘƛŎŀǘƻǊǎΣ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ŀƴŘ ƴŜǿ-build social housing design (see Section 8.2). 
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Table 4.7 Resilience matrix in relation to practice theory, prepared by the researcher as an analytical tool

Resilience 
Indicators / Practice 
Theory Elements 

Robustness 
(The ability of the home to carry on 
performing despite social changes) 

Redundancy 
(The ability of different things to satisfy the 
same function) 

Adaptation 
(Adjustment to reduce the impacts of 
social changes) 

Physical Factors That 
Need to Be Considered 

in Social Housing 

Know-how and 
Embodied Habits 

Á Iƻǿ ƳǳŎƘ Ŏŀƴ ǇŜƻǇƭŜΩǎ Ƙŀōƛǘǎ ŀƴŘ 
knowledge change while the home 
carries on performing? 

Á How do changing habits and knowledge 
affect the ability of different things to 
perform the same function? 

Á How do inhabitants change their ways 
of using the home in relation to the 
different things that cause more or less 
redundancy? 

Á How do know-how and habits 
differ depending on different 
household demographics and 
occupancy level? 

Á Iƻǿ Řƻ ŎƘŀƴƎŜǎ ƛƴ ǇŜƻǇƭŜΩǎ Ƙŀōƛǘǎ 
affect the ability of the home to 
adapt? Á Size of the home 

Á Systems in the home: 
heating and 
ventilation 

Institutionalised 
Knowledge and 
Rules 

Á How able is the social housing to 
continue functioning despite 
changes to institutional knowledge 
and rules? 

Á How might the change in rules affect 
redundancy in the home? 

Á Occupancy level and household 
demographics (age, gender, 
employment status, etc.) 

Á How do changes in the 
institutionalised knowledge and 
rules affect the ability of home to 
adapt? 

Engagements  Á How able is the home to cope with 
changes in engagement? 

Á How do inhabitants discuss using 
things in the home? 

Á How do changes in the way inhabitants 
engage with technology and which 
technologies they engage with affect 
the redundancy of the home? 

Á Iƻǿ Řƻ ŎƘŀƴƎŜǎ ƛƴ ƛƴƘŀōƛǘŀƴǘǎΩ 
engagements and discussions 
affect the ability of home to 
adapt? 

Technologies  Á How do changing technologies 
affect the ability of the home to 
carry on? 

Á Can systems in the home able to 
withstand shocks and social 
changes? An increase in occupancy 
level can increase the usage of 
systems in the home 

Á How many things are available to carry 
out the same function in the social 
housing?  

Á How do changing technologies 
affect the ability of home to 
adapt? 

Á MEV 
Á Windows 
Á Boiler 
Á Heat pumps 
Á Glazing 
Á PV systems 
Á Solar controls 



 75 

4.5.1 Data Management and Transcription 

Once the data collection phase was finished, all audio files from the inhabitant and design 

team interviews were grouped and labelled. The design team interviews were transcribed 

first to understand the design intentions of the selected case study, and then the inhabitant 

interviews were transcribed.   

Semi-ǎǘǊǳŎǘǳǊŜŘ ƛƴǘŜǊǾƛŜǿǎ ǿŜǊŜ ǘǊŀƴǎŎǊƛōŜŘ ǳǎƛƴƎ b±ƛǾƻΩǎ ǘǊŀƴǎŎǊƛǇǘƛƻƴ ǎŜǊǾƛŎŜΣ ōǳǘ ǘƘŜ 

interviews were also manually listened to again and checked by the researcher because the 

transcription software was not always accurate. As the data analysis focused on the in-depth 

responses from both the inhabitants and design team, all of the discussions during the 

interviews were transcribed to text in a Microsoft Word document (McLellan, MacQueen 

and Neidig, 2003).  

NVivo 14 for Mac software was used for coding and data analysis. For data analysis, the 

researcher also used Microsoft Excel and draw.io software, which helped the thematic 

analysis and mapping of the analysed data. All the participants were anonymised by using 

pseudonyms, such as D1 for the design team members and R1 for the inhabitants (see Table 

4.5 and Table 4.6). 

4.5.2 Coding 

NVivo is analytical software used for linking ideas, finding patterns between gathered data 

and integrating reflections, and this was used to organise themes in order to reflect on the 

research questions (Richards, 1999; Auerbach and Silverstein, 2003). In terms of pre-coding, 

NVivo was used to work from practice theory to data (Saldaña, 2013). Thematic analysis 

based on pre-coding was used to analyse the semi-structured interviews and usability 

ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ŀōƻǳǘ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices, and it showed the underlying 

ǇŀǘǘŜǊƴǎ ŀƴŘ ǘƘŜƳŜǎ ǊŜƭŀǘŜŘ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ό{ŀƭŘŀña, 2013). The coding process 

for both cycles of coding was based on the pre-codes that had already been found in the 

literature review, focusing on the key three resilience drivers: robustness, redundancy and 

adaptation. The other pre-codes were Gram-IŀƴǎǎŜƴΩǎ όнлмлύ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ŜƭŜƳŜƴǘǎ ς 

know-how and embodied habits, institutionalised knowledge and rules, engagements, and 
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technology ς which were used in the second cycle of coding to identify patterns and find 

links between aspects of practice theory and the collected data. Additionally, in this 

ǊŜǎŜŀǊŎƘΣ ŎƻǳƴǘƛƴƎ ǘƘŜ ΨŦǊŜǉǳŜƴŎȅΩ ƻŦ ǘƘŜ ŎƻŘŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ŦƛƴŘ ǇŀǘǘŜǊƴǎ ǿŀǎ ƳŜŀǎǳǊŜŘ ōȅ 

ǘƘŜ ΨǇǊŜǎŜƴŎŜΩ ƻŦ ŎƻŘŜǎ ǊŜƭŀǘŜŘ ǘƻ ŜŀŎƘ ǘƘŜƳŜΣ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ ΨƴǳƳōŜǊΩ ƻŦ ǘƛƳŜǎ ǘƘŜǎŜ 

codes appeared in the data. 

In the first cycle of coding (n = 11), the transcribed interview data were coded by the line of 

inquiry based on the research gap. The first cycle of coding was carried out by using an 

inductive approach to analysis to capture the frequency of the codes and the relevant codes 

related to the lines of inquiry (Klix, 2001). The semi-structured interview questions were 

based on the following lines of inquiry: resilience of the home, robustness, adaptation, and 

redundancy. The first cycle of coding also included the frequency of the codes that appeared 

in the interviews in general. The mapping method was used to find links between the design 

ǘŜŀƳΩǎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǇŜǊǎǇŜŎǘƛǾŜǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ŦŀŎǘƻǊǎ ƻŦ ǊŜǎƛƭƛŜƴŎŜ ǘƻ 

answer Research Question 2. For example, the researcher developed Figure 4.2 to 

understand the underlying factors of resilience by analysing the differences and similarities 

ōŜǘǿŜŜƴ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǇŜǊǎǇŜŎǘƛǾŜǎ ŘǳǊƛƴƎ ǘƘŜ ŦƛǊǎǘ ŎȅŎƭŜ ƻŦ ŎƻŘƛƴƎΦ ¢Ƙƛǎ 

mapping was further developed by the researcher after the second cycle of coding and 

during the thematic analysis (see Appendix 1). 

 

Figure 4.2 An example of data mapping that the researcher prepared during first cycle of coding (n = 11) 
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The second cycle of coding (n = 18) was the detailed coding where the researcher did the 

coding word-by-word for each participant. In this cycle, the theoretical aspect of the study 

was linked with the first cycle of coding, helping to identify patterns between the cases. Both 

inductive and abductive approaches were used to understand the data and find patterns 

(Klix, 2001; Saldaña, 2013). After 18 interviews, similar codes were appearing, and no new 

codes or themes were emerging from the data (Saunders et al., 2018), so data saturation 

was reached with 18 interviews, and then the remaining three interviews were coded. Figure 

4.3 and Figure 4.4 were developed by the researcher using the mapping method, showing 

ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ Řŀǘŀ ŎƻŘƛƴƎ ŀƴŘ ǘƘŜ ǇŀǘǘŜǊƴǎ ŦǊƻƳ ǘƘŜ ŦƛǊǎǘ ŎȅŎƭŜ ƻŦ 

coding (in the blue circles) and the extra themes from the second cycle of coding (in red 

triangles) related to aspects of Gram-IŀƴǎǎŜƴΩǎ όнлмлύ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅΦ 

 

 

 

 

 

Figure 4.3 Example of the second cycle of coding ƻŦ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǊŜǎǇƻƴǎŜǎ ǳǎƛƴƎ 
the mapping method (prepared by the researcher) 
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4.5.3 Data Analysis of Usability Survey 

The usability survey was designed such that its findings could be cross-related with the 

findings from the other POE methods (Leaman, Stevenson and Bordass, 2010). Inductive 

reasoning was used to analyse the usability survey data, which helped to explain the 

ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices described in the semi-structured interviews in more 

depth (Klix, 2001). Thus, the usability survey findings were cross-related with those of the 

Figure 4.4 9ȄŀƳǇƭŜ ƻŦ ǘƘŜ ǎŜŎƻƴŘ ŎȅŎƭŜ ƻŦ ŎƻŘƛƴƎ ƻŦ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ǊŜǎǇƻƴǎŜǎ ǳǎƛƴƎ ǘƘŜ 
mapping method (prepared by the researcher) 
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semi-structured interviews in the thematic analysis stage to understand how easy the 

inhabitants found the heating and ventilation controls to use and to compare the 

ƛƴƘŀōƛǘŀƴǘǎΩ ǳǎŜ ƻŦ ŜƴŜǊƎȅ-related controls and their heating and ventilation practices (see 

Section 4.5.4.1). After the data collection process, the collected data were organised by the 

researcher in Microsoft Excel and then imported to IBM SPSS Statistics software for data 

analysis (see Appendix 2). All the data (n = 26) were coded based on the SPSS standards; for 

example, binary variables were coded as 1 or 2, and category variables were coded as 1, 2, 3, 

or 4 with the highest being the most positive value and the lowest being the most negative 

value (Kent, 2015, p. 41). For the purposes of this research, the collected usability survey 

data were coded with nominal variables as 1 = Yes, 2 = No, 3 = L ŘƻƴΩǘ ƪƴƻǿ, and the scale 

variables coded as 1 to 7, with 1 being very poor and 7 being excellent. After coding all the 

data, the researcher prepared graphs and diagrams by looking at different socio-

demographic data (e.g., age, gender, time spent at home, etc.) and reflecting on the 

research questions. All these graphs and diagrams were then used in the cross-case 

synthesis described in the following section. 

4.5.4 Cross-case Synthesis 

Cross-case synthesis was done by conducting thematic analysis and using the mapping 

method (Yin, 2018). During the thematic analysis stage, all the findings were compared using 

the mapping method. The cross-case synthesis stage was used to identify the within-case 

patterns across the individual households in this research and to understand why each 

housing typology performs as it does, thereby identifying key insights for future housing and 

policy recommendations (Yaneva, 2016).   

4.5.4.1 Thematic Analysis 

As described by Braun and Clarke (2006), thematic analysis is a method for identifying, 

analysing and finding patterns in the data. They also note that themes do not emerge from 

the data; rather the researcher plays an active role in identifying the patterns through 

abductive reasoning. Therefore, the interactions among the researcher, the theory, the data 

and the literature were critical at the final analysis stage in order to answer Research 

Question 3. 
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The researcher used Microsoft Excel in the thematic analysis stage. After the second cycle of 

coding, all the important codes from both the resident and design team interviews were 

moved to the Excel document. The usability survey data analysis was done using SPSS, as 

explained in Section 4.5.3, and the survey data supported the interview data in the thematic 

analysis stage. During the thematic analysis, the researcher also prepared relevant graphs in 

SPSS from the data collected from the usability questionnaire, which helped the researcher 

to strengthen the analysis of the interviews. In this stage, themes derived from the coding 

were linked with the theoretical aspects of the study. During thematic analysis, the resilience 

matrix (see Section 4.5.1) that the researcher developed was also used as an analytical tool 

to find and understand the nexus of practice theory and aspects of resilience. Thematic 

analysis in this research aimed to identify the cross-case patterns and connections among 

the analysed data and aspects of practice theory using abductive reasoning. Hewitt-Taylor 

(2001) highlight that a simple counting of the frequency of codes could weaken the essence 

of qualitative data and its in-depth meanings. Thus, in this research, the presence of the 

codes related to each theme was considered, as mentioned in Section 4.5.2. The patterns 

and connections of the analysed data were cross-referenced with the characteristics of the 

inhabitants to better understand the nature of these patterns and their significance. 

4.5.4.2 Mapping 

Mapping is a powerful technique that involves linking different ideas and is an effective way 

to visualise patterns of significant impacts on outcomes and to gain new insights (Bourne 

and Walker, 2005; Buzan and Buzan, 2010, p. 161). The mapping method was used during 

the coding process and thematic analysis stage, helping the researcher to highlight 

ŎƻƴƴŜŎǘƛƻƴǎ ŀƴŘ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ŘƛŦŦŜǊŜƴǘ ƘƻǳǎŜƘƻƭŘǎΣ ŀǎ ǿŜƭƭ ŀǎ ǊŜŦƭŜŎǘ ƻƴ ƛƴƘŀōƛǘŀƴǘǎΩ 

practices and their relation to resilience (see Appendix 1). Mapping was also used in the 

coding process to gain a better understanding of the underlying issues of resilience in social 

housing by comparing the design team and inhabitant responses (see Figures 4.3 and 4.4). 

During the coding process, mapping was used to link the key themes that appeared after 

analysing the interviews. The analysed data were visualised using connection lines between 

the key themes to summarise the large amount of data. 
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4.6 Research Validity 

Recognising the researcher as the primary instrument throughout the entire study 

emphasised the importance of increasing the credibility and validity of the study. To achieve 

this, several steps were taken. First, the mixed methods approach was used to collect a 

richer and stronger array of evidence and data that could not be achieved by a single 

ƳŜǘƘƻŘ ŀƭƻƴŜ ό¸ƛƴΣ нлмуύΦ vǳŀƴǘƛǘŀǘƛǾŜ ǊŜǎŜŀǊŎƘ ŜȄŀƳƛƴŜǎ ΨǿƘŀǘ ǊŜǎƛŘŜƴǘǎ ŘƻΩΣ ǿƘŜǊŜŀǎ 

ǉǳŀƭƛǘŀǘƛǾŜ ǊŜǎŜŀǊŎƘ ŘŜƭǾŜǎ ƛƴǘƻ ΨƘƻǿ ŀƴŘ ǿƘȅ ǊŜǎƛŘŜƴǘǎ Řƻ ǘƘƛƴƎǎΩΦ .ȅ ƛƴǘŜƎǊŀǘƛƴƎ ǘƘŜǎŜ 

approaches, the strengths of both methods are enhanced and their limitations are reduced 

(Baker and Edwards, 2012). Thus, using the mixed methods approach helped the researcher 

ǘƻ ŎƻƭƭŜŎǘ ǊƛŎƘŜǊ Řŀǘŀ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ΨǿƘŀǘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ Řƻ ǿƛǘƘ ǘƘŜ ǎǇŜŎƛŦƛŎ ŜƴŜǊƎȅ-related 

ŎƻƴǘǊƻƭǎ ǿƛǘƘƛƴ ǘƘŜ ƘƻƳŜΩ ǳǎƛƴƎ ŀ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀǇǇǊƻŀŎƘΣ ŀƴŘ ΨƘƻǿ ŀƴŘ ǿƘȅ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ 

Řƻ ǘƘƛƴƎǎ ǿƛǘƘƛƴ ǘƘŜ ƘƻƳŜΩ ǳǎƛƴƎ ŀ ǉǳŀƭƛǘŀǘƛǾŜ ŀǇǇǊƻŀŎƘΦ ¢ƘŜ ǎŜŎƻƴŘ ǎǘŜǇ ƛƴǾƻƭǾŜŘ ΨǇŜŜǊ 

ŘŜōǊƛŜŦƛƴƎΩ ǿƛǘƘ ǘǿƻ tƘ5 ǎǳǇŜǊǾƛǎƻǊǎ ǿƘƻ ǿŜǊŜ ƴƻǘ ŘƛǊŜŎǘƭȅ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴΣ 

but were part of the research development. During peer debriefing, the researcher used the 

ǎǳǇŜǊǾƛǎƻǊǎ ŀǎ ŀ ΨǎƻǳƴŘƛƴƎ ōƻŀǊŘΩ ǘƻ ŘƛǎŎǳǎǎ ŜƳŜǊƎƛƴƎ ǇŀǘǘŜǊƴǎ ƛƴ ǘƘŜ Řŀǘŀ ŀƴŘ ŎǊƛǘƛŎŀƭ 

questions that might help during the analysis (Corley and Gioia, 2004). The last step taken by 

the researcher was to triangulate the data as a way of addressing the validity issues. 

Validating the credibility of the semi-structured interviews was important to demonstrate 

the credibility of the resulting data and findings. One way to achieve this validation was by 

triangulation, where the researcher found a nexus from different sources of information to 

form themes and categories by eliminating overlapping areas of research data (Creswell and 

Miller, 2000). This is usually done using multiple methodological approaches, such as 

observations, document reviews and interviews, in different combinations to achieve 

broader results (Denzin and Lincoln, 2013). 

4.7 Interpretation and Triangulation 

Lƴ ǎƻŎƛŀƭ ǎŎƛŜƴŎŜ ǎǘǳŘƛŜǎΣ ǘƻ ƛƴǘŜǊǇǊŜǘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ Ψǘƻ ŀǎǎƛƎƴ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻǊ ŎƻƘŜǊŜƴǘ 

ƳŜŀƴƛƴƎΩ όbŜǳƳŀƴΣ нлммΣ ǇΦ мттύΦ Lƴ ǉǳŀƴǘƛǘŀǘƛǾŜ ǊŜǎŜŀǊŎƘΣ ƳŜŀƴƛƴƎ ŎƻƳŜǎ ŦǊƻƳ ǳǎƛƴƎ 

numbers, while in qualitative research, meaning is derived from the discussions of the 

significance of ideas (Neuman, 2011). In this study, interpretation was done by giving 

meaning to data by cross-ǊŜŦŜǊŜƴŎƛƴƎ ǘƘŜƳ ǿƛǘƘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǘƻ ŘŜǾŜƭƻǇ 
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ŀƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ŀƴŘ ǘƘŜ ǊŜŀǎƻƴǎ ƻǊ ƳƻǘƛǾŜǎ ŦƻǊ ǘƘŜ ƛƴƘŀōƛǘŀƴǘΩǎ 

practices. In social research, a more in-depth understanding of data can be obtained by 

observing from multiple perspectives rather than looking from a single perspective, which is 

known as triangulation (Neuman, 2011, p. 164). In this research, using a mixed methods 

ŀǇǇǊƻŀŎƘ ƘŜƭǇŜŘ ǘǊƛŀƴƎǳƭŀǘŜ ǘƘŜ Řŀǘŀ ǘƻ Ǝŀƛƴ ŀ ŘŜŜǇŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ 

practices within social housing by using both qualitative and quantitative methods as 

different perspectives. Triangulating data also offered a way of addressing validity issues. As 

/ǊŜǎǿŜƭƭ όнлмоύ ŜȄǇƭŀƛƴǎΣ Ψ²ƘŜƴ ǉǳŀƭƛǘŀǘƛǾŜ ǊŜǎŜŀǊŎƘŜǊǎ ƭƻŎŀǘŜ ŜǾƛŘŜƴŎŜ ǘƻ ŘƻŎǳƳŜƴǘ ŀ ŎƻŘŜ 

or theme in different sources of data, they are triangulating information and providing 

ǾŀƭƛŘƛǘȅ ǘƻ ǘƘŜƛǊ ŦƛƴŘƛƴƎǎΩ όǇΦ нрмύΦ  

4.8 Summary  

In this chapter, the research methodology was set out and the methodological approach of 

this research was justified as a cases-within-a-case mixed methods approach, as fitting for an 

investigation of energy-related practices in newly built social housing using practice theory. 

The key reason for selecting the case study was to maximise the amount of usable 

ƛƴŦƻǊƳŀǘƛƻƴ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ŎŀǎŜ ŀōƻǳǘ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ 

energy-related practices using CƭȅǾōƧŜǊƎΩǎ όнллсύ ŀǇǇǊƻŀŎƘΦ 

The data collection methods were designed and implemented with reference to the research 

questions and objectives set out in Table 4.1 (see Section 4.2). Various methods were 

combined for the data collection process to ensure the validity of the outcomes and a 

ŎƻƳǇƭŜǘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related 

practices. After the document review, a total of 21 semi-structured interviews and 26 

usability questionnaires were analysed using two-cycles of coding, quantitative analysis 

using SPSS, thematic analysis, and cross-case synthesis. During these analysis stages, the 

researcher used the mapping method to illustrate the analysed data and to better 

understand the links and patterns between the themes.  

Next, Chapters 5 and 6 present the key findings and analysis that align with Objectives 2, 3 

and 4 of the thesis, while Chapter 7 discusses these findings and analyses them in relation to 

practice theory. 
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CHAPTER 5. HEATING PRACTICES in the SOCIAL HOUSING CASE STUDY 

5.1 Introduction 

This chapter presents the analysis and findings of the semi-structured interview and usability 

survey data about ƛƴƘŀōƛǘŀƴǘǎΩ heating practices and explores how the inhabitants discuss 

their heating practices in terms of resilience. This study examines the heating practices from 

two different perspectives: those of the inhabitants and the design team. LƴƘŀōƛǘŀƴǘǎΩ 

heating practices are critically analysed in terms of the key resilience drivers and Gram-

IŀƴǎǎŜƴΩǎ όнлмлύ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ elements (see Table 4.7). This is a step towards achieving 

Objectives 2, 3 and 4 of this thesis in relation to understanding the underlying resilience and 

ƛƴƘŀōƛǘŀƴǘǎΩ ƘŜŀǘƛƴƎ ǇǊŀŎǘƛŎŜǎ ƛƴ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅΣ as well as identifying key insights for resilient 

social housing. 

5.2 Heating Controls in Relation to Resilience and Social Change 

This section focuses on heating controls (see Figure 5.1) in relation to the resilience of social 

housing in the face of social change, first with a focus on the general central heating controls 

and then on specific heating controls. The first key theme to emerge from the analysis 

relates to the extreme factors that affect heating practices, such as Covid-19 and the energy 

ŎǊƛǎƛǎΦ ¢ƘŜ ƴŜȄǘ ƪŜȅ ǘƘŜƳŜ ƛǎ ŀōƻǳǘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜƛǊ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳǎΣ 

based on the data gained by the usability survey, and how they implement their 

understanding in their heating practices. The next theme found from the analysis is about 

ǘƘŜ ƛƴǎǳƭŀǘƛƻƴ ƛƴ ǘƘŜ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎΣ ŀƴŘ Ƙƻǿ ǘƘƛǎ ƛƳǇŀŎǘǎ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƘŜŀǘƛƴƎ ǇǊŀŎǘƛŎŜǎΦ 

The last key theme from the analysis is about how the housing typologies and accessibility 

support or hinder inhabitants in the face of social change.  
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5.2.1 Extreme Factors that Affect Heating Practices 

One of the extreme factors that occurred during the data collection period of this study is 

Covid-19, which affected the time that inhabitants spent in their home, directly impacting 

the energy use in the household. Some inhabitants who had previously worked outside the 

home started to work from home during the pandemic, for example: 

ά²ŜƭƭΣ L ǳǎŜŘ ǘƻ Ǝƻ ƻǳǘ ǘƻ Ǿƛǎƛǘ ǘƘŜ ŎƭƛŜƴǘǎ ǘƘŀǘ L ǎǳǇǇƻǊǘŜŘ ōŜŦƻǊŜ ǘƘŜ ǇŀƴŘŜƳƛŎΦ !ƴŘ 

ŀŦǘŜǊ /ƻǾƛŘΣ L Řƻ ŀƴ ŀǿŦǳƭ ƭƻǘ ƻŦ ǿƻǊƪ ŦǊƻƳ ƘƻƳŜΦέ όwтΣ ŀƎŜ рм-70, male, lives on the 

first floor) 

This highlights how Covid-19 led to a social change as inhabitants were confined to their 

homes, particularly older inhabitants who are likely to spend more time indoors. Another 

study also found that the Covid-мф ǇŀƴŘŜƳƛŎ ŎŀǳǎŜŘ ǘƘŜǎŜ ŎƘŀƴƎŜǎ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ƭƛŦŜǎǘȅƭŜǎΣ 

which affected how electricity was consumed (Kawka and Cetin, 2021). This social change 

raised energy bills, as R7 noted:  

(a) (b) 

Figure 5.1 Parts of the heating system in the social housing: (a) a gas combi boiler; 
(b) a room thermostat 
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ά{ƻΣ ǳƘΣ ǎƻ ŎŜǊǘŀƛƴƭȅΣ ȅƻǳ ƪƴƻǿΣ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ōƛƭƭǎ ǊŀǘŜ ǳǇ ŀ ƭƛǘǘƭŜ ōƛǘ ŦǊƻƳ ǿƻǊƪƛƴƎ 

from home, but then I spent an awful less on petrol. So overall, my energy 

ŜȄǇŜƴŘƛǘǳǊŜ ƛǎ ƎƻƛƴƎ ŘƻǿƴΦέ όwтΣ ŀƎŜ 51-70, male, lives on the first floor) 

Another key highlight from the analysis is that some inhabitants over 50 who had Covid-19 

became more vulnerable, for example, by having to use breathing machines or becoming 

more sensitive to cold weather: 

άMy breathing machine affected the energy-use, and we use the washing machine a 

lot more regularly. Other than that, no [when asked if any social or environmental 

changes that have affected their energy use].έ όwмΣ ŀƎŜ рм-70, female, lives on the 

ground floor) 

R1, who lives with R2, mentioned that using a breathing machine affected their energy use. 

Similarly, R15 mentioned that they needed to use the heating more after Covid-19, which 

increased their energy usage: 

ά¢ƘŜ ƻƴƭȅ ǘƘƛƴƎ ǿŀǎ Ƴȅ ƘǳǎōŀƴŘ ώwмсΣ ŀƎŜ рм-70] got Covid and he was on a 

ventilator. And since then, he feels the cold more. So, we have to have the heating on 

more. But now, obviously with the price, and we are thinking more about it. We are 

ǿŜŀǊƛƴƎ ƳƻǊŜ ǘƘƛŎƪ ǘƻǇǎ ŀƴŘ ǘƘƛƴƎǎ ƭƛƪŜ ǘƘŀǘ ǘƻ ƪŜŜǇ ǿŀǊƳΦέ όwмрΣ ŀƎŜ ол-50, female, 

lives on the first floor) 

Consequently, wмрΩǎ ƘƻǳǎŜƘƻƭŘ ŀŘŀǇǘŜŘ ǘƻ ǘƘƛǎ ŎƘŀƴƎƛƴƎ ǎƛǘǳŀǘƛƻƴ ōȅ ƪŜŜǇƛƴƎ ǘƘŜ ƘŜŀǘƛƴƎ ƻƴ 

longer. In these two households, the inhabitants over 50 who became more vulnerable to 

the temperature inside their homes due to contracting Covid-19 changed how they used 

energy in their homes.  

Another extreme factor happened during the data collection period was the energy crisis, 

which commenced in 2021 in the UK. Owing to this crisis, inhabitants had to consider the 

increase in energy bills: 

άL ƳŜŀƴ ƛƴ ǎǳƳƳŜǊΣ ǿŜ Řƻ ƴƻǘ ǳǎŜ ǘƘŜ ŎŜƴǘǊŀƭ ƘŜŀǘƛƴƎΦ ²ƘƛŎƘ Ƴƻǎǘ ǇŜƻǇƭŜ Řƻ ƴƻǘΦ 

And at the moment I have been very careful because of the cost of living rises. I know 
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it because like everybody, when you are a pensioner you have got to be really 

ŎŀǊŜŦǳƭΦέ όwмоΣ ŀƎŜ рм-70, female, lives on the first floor) 

R13 mentioned that the pensioners living in this social housing need to be careful about 

using the central heating, as there has been an increase in the energy bills due to energy 

crisis. In this research, eight out of 16 households rely on their pensions, so these 

households need to be cautious with their use of heating and electrical appliances that 

affect their energy use. Apart from the pensioners, some of the inhabitants (see above for 

wмрΩǎ ǉǳƻǘŜύ ŀƭǎƻ ǘǊȅ ǘƻ ǊŜŘǳŎŜ ǘƘŜƛǊ ǳǎŜ ƻŦ ƘŜŀǘƛƴƎ ōȅ ǿŜŀǊƛƴƎ ǘƘƛŎƪŜǊ ŎƭƻǘƘŜǎ ǘƻ ƪŜŜǇ ǿŀǊƳΦ 

As a result, the inhabitants adapted their heating practices when there was an extreme 

situation, such as the energy crisis, when they needed to think about their financial 

situation.  

Martiskainen and Kivimaa (2019) find that using smart systems is beneficial to reduce energy 

usage when inhabitants understand how to use them and are willing to use them. 

Interestingly, only one household (H15) mentioned that they had installed smart meters 

within their household:  

άIt is like I said, we have the meters [smart meters]. We are better off [with smart 

meters] because there are a lot of people, friends that we know say that how their 

bills have gone up. You know, because they are on these set things or whatever they 

do. We decided, years ago that the best thing for us was to get something like this 

[smart meter] ŀƴŘ ǘƘŜƴ ȅƻǳ Ǉŀȅ ǿƘŀǘ ȅƻǳ ǳǎŜΦέ όwноΣ age 51-70, male, lives on the 

ground floor) 

As R3 explained, having access to near real-time data by using smart meters allowed them to 

see how much energy they were using, making energy consumption more understandable. 

When energy use is visible, it becomes easier for users to identify high energy consumption 

behaviours and adjust accordingly (e.g., increase in energy use during certain times of day or 

while using specific energy-related controls) (Office for National Statistics, 2023b). 

Therefore, smart meters act as a form of monitoring daily routines and making energy use 

visible to the inhabitant, supporting more informed and energy-conscious decisions.  
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In terms of the resilience of social housing, the design team stated that cost is a very 

ƛƳǇƻǊǘŀƴǘ ŦŀŎǘƻǊΦ ¢ƘŜ ǘŜǊƳ ΨŎƻǎǘΩ ŀƭǎƻ ŀǇǇŜŀǊŜŘ ŀǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǇŀǘǘŜǊƴ ƛƴ ŘŜǎƛƎƴ ƛƴǘŜƴǘƛƻƴǎΦ 

Cost efficiency for the design team is seen as building sustainable homes that do not cost 

huge amounts of money for management and return a profit to the housing association. 

Cost is also a very important factor in the planning process, in relation to both the initial cost 

of using sustainable materials and equipment in the design and the long-term maintenance 

ŎƻǎǘǎΦ ¢ƘŜ ŘŜǎƛƎƴ ǘŜŀƳ ŀƭǎƻ ƭƻƻƪŜŘ ŀǘ Ŏƻǎǘ ŦǊƻƳ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǇŜǊǎǇŜŎǘƛǾŜΣ ŀǎ 5н ƴƻǘŜŘΥ 

άI think with everything, you know, we kind of consider [cost] from a few angles, 

obviously we will look at the impact of the cost, both in terms of the kind of initial 

cost of putting it, and in the long-term cost of maintaining it. And also cost to 

customers of running it. And we would also look at sustainability implications. So, you 

know, is this going to make the house more comfortable, cheaper to run, warmer in 

the winter?έ (D2, project coordinator) 

D2 mentioned that the design team consider cost factors from a few angles, while also 

ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ ŀƴŘ Ƙƻǿ ǘƘŜ ŘŜǎƛƎƴǎ ŎƻǳƭŘ ƳŀƪŜ ŀƴ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ 

energy use.  

рΦнΦн LƴƘŀōƛǘŀƴǘǎΩ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ IŜŀǘƛƴƎ /ƻƴǘǊƻƭǎ ŀƴŘ Their Use in Heating Practices 

The housing association provides a home user guide to the inhabitants when they move into 

their homes, and each home has a specific guide depending on the controls in that home. 

The home user guide includes the property information sheet, general guidance, heating 

and ventilation system controls and how to use them, instruction manuals and general 

energy and water saving tips, as D2 noted:   

άWhen people move into property, we make what is called a home user guide. And it 

is just kind of general information about the property, also includes details on all of 

the systems within that property. So, you know, the use manuals of the boiler, the 

ǾŜƴǘƛƭŀǘƛƻƴ ƻǊ ŀƴȅǘƘƛƴƎ ƭƛƪŜ ǘƘŀǘ ǿƛƭƭ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŀǘΦέ (D2, project coordinator) 

According to the design team, the social housing association provides very comprehensive 

user manuals for the inhabitants:  
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άNow whether this is quite patchy across the industry, so some of us are very good at 

this and they have, you know, very comprehensive user manuals for their new houses. 

And depending on complexity then they can get quite interesting how you do that 

[providing user manuals]. Whether [the housing association] did that, I am sure they 

did it, whether they did it to the degree that the residents feel inadequate or not, is 

ǎƻƳŜǘƘƛƴƎ L Ƨǳǎǘ Řƻ ƴƻǘ ƪƴƻǿΦ !ƴŘ ƛǘ ǿƻǳƭŘ ōŜ ƛƴǘŜǊŜǎǘƛƴƎ ǘƻ ŦƛƴŘ ǘƘŀǘ ƻǳǘΦέ όD3, 

architect)  

However, architect D3 stated that after providing the home user guides, the design team do 

ƴƻǘ ƪƴƻǿ ƛŦ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ ŦƛƴŘ ǘƘŜƳ ǳǎŜŦǳƭ ƻǊ ƴƻǘΦ ¢Ƙƛǎ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ƭŀŎƪ ƻŦ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŀƴŘ ǳǎŜ ǘƘŜ ŜƴŜǊƎȅ-related controls 

during the occupancy stage. This is also highlighted by D1: 

άLƴ ǘŜǊƳǎ ƻŦ Ƙƻǿ ǇŜƻǇƭŜ ǳǎŜ different systems in the house. So, the home user guide 

has all of that in it, but it relies on people reading it obviously and following it. We 

have done some sort of energy doctor work, you know, where we go in and say to 

people, you could save fuel if you did this, this and this. But in general, I do not think 

we do a lot of that moment.έ (D1, project director) 

5мΩǎ ǎǘŀǘŜƳŜƴǘ ŘŜǾŜƭƻǇǎ 5оΩǎ ŀǊƎǳƳŜƴǘ ǘƘŀǘ ǘƘŜȅ ǊŜƭȅ ƻƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ ǘƻ ǊŜŀŘΣ ǳƴŘŜǊǎǘŀƴŘ 

and follow home user guides provided. She also mentioned that the housing association 

previously went to the homes to explain how the inhabitants could save energy. However, as 

5о ƳŜƴǘƛƻƴŜŘΣ ǘƘŜ ƘƻǳǎƛƴƎ ŀǎǎƻŎƛŀǘƛƻƴ ƛǎ ƴƻǘ ŀǿŀǊŜ ƻŦ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ 

their energy-related controls.  

As shown in Figure 5.2, most of the inhabitants said that they have the home user guide. 

Additionally, the majority of inhabitants who said that they have the home user guide rated 

its usability for operating equipment in their home as above average or excellent (see Figure 

5.3). However, even if the inhabitants have the home user guide, the important thing is that 

the inhabitants understand how to use the controls and understand why it matters, as D1 

noted: 

άIt is really very important people know how to use them. It does not mean that you 

are telling them you mean they do. So, it is how do you engage people to do, you 



 89 

know, to do the right things and how to give people the information and they actually 

Řƻ ƛǘΦέ όD1, project director) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2 The percentage of inhabitants who do or do 
not have the home user guide 

Figure 5.3 LƴƘŀōƛǘŀƴǘǎΩ ǊŀǘƛƴƎ ƻŦ ǳǎŜǊ ƎǳƛŘŜΩǎ ǳǎŀōƛƭƛǘȅ ŦƻǊ 
operating equipment in their home 
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¢ƻ ŦǳǊǘƘŜǊ ŘŜǾŜƭƻǇ 5мΩǎ ǎǘŀǘŜƳŜƴǘΣ CƛƎǳǊŜ рΦп ǎƘƻǿǎ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƳŜŀƴ ǊŀǘƛƴƎ ƻŦ ǘƘŜƛǊ 

ability to use the technical equipment in their homes. It shows that the inhabitants who are 

over 70 gave a mean rating of their ability to use the technical equipment as below average, 

in contrast with the inhabitants aged 51ς70, who gave a mean rating of above average. As a 

result, Figure 5.4 indicates that the inhabitants over 70 struggle with using energy-related 

technical equipment more than those under 70. This argument is also supported by R22: 

ά²ŜƭƭΣ ȅƻǳ Ŏŀƴ ŎƻƴǘǊƻƭ ƛǘ ώŎŜƴǘǊŀƭ ƘŜŀǘƛƴƎϐ ǿƛǘƘ [a] thermostat. Which I do because 

the timer around the boiler does not work, it never has done and apparently, they are 

all the same. So, if it gets a bit chilly, you know, I just manually turn the thermostat up 

ǎƻ ǘƘŀǘ ǘƘŜ ƘŜŀǘƛƴƎ ǿƛƭƭ ŎƻƳŜ ƻƴΦέ (R22, age over 70, female, lives on the ground 

floor) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.2.3 Impact of Insulation Levels on Heating Practices 

One of the key highlights from the design team is the level of insulation in this case study. 

This is particularly important because the energy performance of homes depends on several 

factors, including wall insulation and the energy performance of appliances (e.g., boilers), 

Figure 5.4 ¢ƘŜ ƻƭŘŜǊ ƛƴƘŀōƛǘŀƴǘǎΩ ǊŜǎǇƻƴǎŜ ŦƻǊ ǘƘŜ ƳŜŀƴ ǊŀǘƛƴƎ ƻŦ ǘƘŜƛǊ ŀōƛƭƛǘȅ to use 
their energy-related technical equipment 
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and these factors are assessed through the EPC scores (Office for National Statistics, 2023c). 

Architect D3 described the insulation of the homes within this case study:  

άThey are quite well insulated because the houses have blown insulation into the 

walls. So, all the cavities are completely full. I think from an insulation point of view, 

they probably exceeded the building regulations. So, I think they are quite well 

ƛƴǎǳƭŀǘŜŘ ƘƻƳŜǎ ǿƛǘƘ ŘƻǳōƭŜ ƎƭŀȊƛƴƎ ŀƴŘΣ ȅƻǳ ƪƴƻǿΣ ǿƛǘƘƛƴ ŎŜǊǘŀƛƴ ǊƻƻƳǎΦέ όD3, 

architect) 

Regarding insulation, D3 mentioned that the homes exceeded the building regulations. 

When the homes were built in 2016, the building regulations for the wall insulation U-value 

was limited to 0.30 W/(m2ÖK) and, according to the document review, the selected social 

housing development was designed to exceed the requirements of the building regulations 

(HM Government, 2016a, p. 15). This is also supported by the EPC rating scores of B (see 

¢ŀōƭŜ пΦсύ ŦƻǊ ŀƭƭ ǘƘŜ ƘƻƳŜǎ ƛƴ ǘƘƛǎ ŎŀǎŜ ǎǘǳŘȅΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜ ƘƻƳŜǎ Ƴǳǎǘ ƘŀǾŜ ŀ ΨǾŜǊȅ ƎƻƻŘΩ 

rating of wall insulation to achieve an EPC level C or above (Office for National Statistics, 

2023cύΦ ²ƘŜƴ ǿŜ ŎƻƳǇŀǊŜ ǘƘŜ ŀǊŎƘƛǘŜŎǘΩǎ ǊŜƳŀǊƪ ŀōƻǳǘ ǘƘŜ ƛƴǎǳƭŀǘƛƻƴ ƭŜǾŜƭǎ ŜȄŎŜŜŘƛƴƎ ǘƘŜ 

ōǳƛƭŘƛƴƎ ǊŜƎǳƭŀǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǇŜǊǎǇŜŎǘƛǾŜ ƻƴ ǘƘŜƛǊ ƎŜƴŜǊŀƭ ƘŜŀǘƛƴƎ ǇǊŀŎǘƛŎŜǎΣ ǿŜ 

find the majority of them (16 out of 18 inhabitants) stated that their homes are comfortable 

and warm most of the time during cold weather: 

άhƘ, I do not, I do not use my heating. I mean I have got somebody above, somebody 

below, somebody at both sides of me. So, it is a very, very warm flat without heating 

on, so it is not very often I do have the heating on. But when I do, I am not going to sit 

ƘŜǊŜ ŎƻƭŘΣ L Řƻ ƘŀǾŜ Ƴȅ ƘŜŀǘƛƴƎ ƻƴΣ ȅŜǎΦέ όwннΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ 

ground floor) 

R22 explained that the location of her flat ensured her home remains very warm, so she 

ŘƻŜǎ ƴƻǘ ƻŦǘŜƴ ǳǎŜ ǘƘŜ ƘŜŀǘƛƴƎΦ ¢Ƙƛǎ ŀǊƎǳƳŜƴǘ ƛǎ ŦǳǊǘƘŜǊ ǎǳǇǇƻǊǘŜŘ ōȅ 5оΩǎ ǎǘŀǘŜƳŜƴǘ ŀōƻǳǘ 

these homes having a very good level of insulation that helps to keep them warm. Out of 18 

interviews, only two inhabitants (R4 and R20) stated that their homes are extremely cold in 

winter: 
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άLƴ ǿƛƴǘŜǊ ƛǘ ƛǎ ŦǊŜŜȊƛƴƎΣ ǘƘŜ ōŜŘǊƻƻƳ ŀƴŘ the bathroom. Because we never get any 

sun in here on [the] bedroom and bathroom. So, in winter we are freezing, even 

[when] ǘƘŜ ƘŜŀǘƛƴƎ ƛǎ ƻƴΦέ όwпΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ ƎǊƻǳƴŘ ŦƭƻƻǊύ 

άL ǿŀǎ ƛƴ ŦƻǊ ǘƘŜ ǎǳƳƳŜǊ ŀƴŘ ǘƘƛǎ ƘƻǳǎŜ [is] extremely hot and really hot and, in the 

winter it really is ridiculously cold. And most of the people, you know, the neighbours 

have said it is actually the same. I do not think there is any cavity wall in them and it 

is ridiculously cold, especially we live in the upstairs and when you get to the staircase 

to go to the front door, it is never ever warm. The radiators make no difference there 

ŀƴŘ ƛǘ ƛǎ ŦǊŜŜȊƛƴƎ ŎƻƭŘΦέ όwнлΣ ŀƎŜ рм-70, female, lives on the first floor) 

The similarity between these two households is that, even when they use their heating 

systems; their homes still remain very cold in winter. The reason for this could be that the 

inhabitants are not using the heating controls properly, or the heating system may be faulty:  

άWhen the flat gets into a certain temperature, it [room thermostat] switches off for 

so long and then it will switch on. You know what I mean? It is not me. I do not like it 

at all because you know, you just get warm, and then it will switch off. I suppose it 

ǎŜŜƳǎ ǘƻ Řƻ ǎƻƳŜǘƘƛƴƎ ǿƛǘƘ ƛǘΣ ōǳǘ L Řƻ ƴƻǘ ƪƴƻǿΦέ (R4, age over 70, female, lives on 

the ground floor) 

R4 and R20 described that the room thermostat turns off automatically when the 

temperature reaches 20°C and their home is not warm enough for them even if their 

radiators are switched on. In contrast, the remaining 16 out of 18 inhabitants stated that 

they do not need to turn on the heating for long because their flats are warm, even without 

the heating being on; for example: 

άLǘ ώƘŜŀǘƛƴƎϐ ƛǎ ƻƴ ǿƘŜƴ ƛǘ ƛǎ ǿƛƴǘŜǊǘƛƳŜΣ ǿƘŜǊŜ ǿŜ Ǉǳǘ ƛǘ ƛƴ ǇǊƻōŀōƭȅ пл ƳƛƴǳǘŜǎ, you 

know. Which is sufficient, because the housing has carpets, and we only need it [for] 

about 40 minutesΦέ όwфΣ ŀƎŜ рм-70, male, lives on the first floor) 

To further develop this argument, a good level of insulation is one of the key factors that 

ƪŜŜǇǎ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƘƻƳŜǎ ǿŀǊƳΥ  
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άIf it gets a bit chilly you know, I just manually turn the thermostat up so that the 

heating will come on. And then once it is heated up, I turn it down a little bit. But 

then, you know, it just stays nice and warm, like I said it is well insulated. So, a lot of 

ǘƛƳŜǎΣ ƻƴŎŜ ƛǘ ƛǎ ǿŀǊƳŜŘ ǳǇ L ǘǳǊƴ ƛǘ ƻŦŦ ŀƴŘ ƛǘ ƛǎ ŦƛƴŜ ŦƻǊ ŀōǎƻƭǳǘŜƭȅ ŀƎŜǎΦέ (R22, age 

over 70, female, lives on the ground floor) 

¢Ƙƛǎ ǎǘŀǘŜƳŜƴǘ ōȅ wнн ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ŀǊŎƘƛǘŜŎǘΩǎ ό5оύ ǎǘŀǘŜƳŜƴǘ ŀōƻǳǘ ǘƘŜ ƛƴǎǳƭŀǘƛƻƴ 

levels of the homes in this case study, and these good insulation levels reduce the use of the 

heating for most of the inhabitants (16 out of 18 inhabitants).  

5.2.4 Accessibility to Energy-related Systems 

The main aim for the housing association is to provide long-term stability for inhabitants 

who have or might have mobility issues in the future, including families looking after an 

elderly relative who is living with them. When the design team were asked whether they 

considered social changes that affect inhabitants within their designs, the architect D3 

ǊŜǎǇƻƴŘŜŘ ǘƘŀǘ ǘƘŜȅ ŀƭǿŀȅǎ ǘƘƛƴƪ ŀōƻǳǘ .ǳƛƭŘƛƴƎ wŜƎǳƭŀǘƛƻƴǎ tŀǊǘ aΥ Ψ!ŎŎŜǎǎ ǘƻ ŀƴŘ ǳǎŜ ƻŦ 

ōǳƛƭŘƛƴƎǎΩΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎ aпόнύΥ Ψ!ŎŎŜǎǎƛōƭŜ ŀƴŘ ŀŘŀǇǘŀōƭŜ ŘǿŜƭƭƛƴƎǎΩ ŀƴŘ aпόоύΥ 

Ψ²ƘŜŜƭŎƘŀƛǊ ǳǎŜǊ ŘǿŜƭƭƛƴƎǎΩ ƛƴ ǘƘŜƛǊ ǎŎƘŜƳŜΥ 

άL ǎǳǇǇƻǎŜ ȅƻǳ have got to think carefully about if we spend quite similar amounts of 

money making all of our housing resilient [to the standards of] M4(2) and M4(3), is 

that the right thing to do? Or is it better to assign that money to do more adaptable 

and resilient housing [that]  is specifically designed for need, and I think that is the 

debate that is ƻǳǘ ǘƘŜǊŜΣ ǊŜŀƭƭȅΦέ (D3, architect) 

Regarding the type of social change brought about by Covid-19, D1 noted: 

άI mean, the only thing we have done is [that]  we have certainly started to plan on 

house types [for] more homeworking, because that was not really factored in before. 

So little incidental spaces where you could put a desk or some kind of, you know, be 

able to find sort of a space, either [for] ƘƻƳŜǿƻǊƪΣ ǎŎƘƻƻƭƛƴƎ ƻǊ ƘƻƳŜǿƻǊƪƛƴƎΦ ώΧϐ ǿŜ 

try and get as much daylight in as possible, try and get natural ventilation. So, we are 

trying to kind of make the houses sort of work for them by themselves and that 

ƳŀƪŜǎ ǎŜƴǎŜΦέ όD1, project director)  
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D1 explained that, specifically after Covid-19, the housing association started to plan 

housing typologies that are adaptable to more homeworking and that have spaces within 

the home that are more flexible, in case of social changes. The design team aim for homes 

that work for themselves by getting as much as daylight and natural ventilation as possible. 

In line with the comments of D1, the project coordinator D2 also noted that they have been 

thinking about social changes: 

άIt [a social change affecting inhabitants over time] is something that we have been 

ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ŀ ƭƻǘ ƳƻǊŜ ǊŜŎŜƴǘƭȅΦ ώΧϐ So, obviously there are many more people 

who are kind of working from home now, but also I suppose more, much more worth 

you know, what happens if there is pandemic again? So, that is kind of one of the 

really key things we have been doing is assessing, trying to increase that in all in all of 

our new-build homes.έ όD2, project coordinator) 

Similarly, the majority of the inhabitants (13 out of 18 interviewees) think that their home is 

robust and mentioned that their home could cope with a social change like a sudden 

disability in the household. For example: 

ά²ŜƭƭΣ ǿŜ ƭƛǾŜ ƻƴ ǘƘŜ ŦƛǊǎǘ ŦƭƻƻǊΦ ²Ŝ ŀǊŜ ƴƻǘ ŀ ƎǊƻǳƴŘ ŦƭƻƻǊ ŦƭŀǘΦ {ƻ ƛǘ ǿƻǳƭŘ ōŜ ŎƻƳƛƴƎ 

up the stairs. But those stairs are just over a straight flight of stairs. So, uh, we 

ǇǊƻōŀōƭȅ ƘŀǾŜ ǘƻ ƳŀȅōŜ Ǉǳǘ ǎƻƳŜ ƪƛƴŘ ƻŦ ǎǘŀƛǊ ƭƛŦǘƛƴƎΣ ƻǊ ǎƻƳŜǘƘƛƴƎ ƭƛƪŜ ǘƘŀǘΦ ώΧϐ 

¢ƘƻǎŜ ǿƻǳƭŘ ōŜ ǊŜƭŀǘƛǾŜƭȅ Ŝŀǎȅ ŎƘŀƴƎŜǎ ǘƻ ƳŀƪŜ ƛƴ ǘƘŜ ƘƻǳǎŜΦέ όwтΣ age 51-70, male, 

lives on the first floor) 

The inhabitants also mentioned that they could continue their everyday energy-related 

practices and the social housing association would adapt the appliances if there were any 

accessibility issues:  

άWell, it [adapting the appliances] is very difficult at the moment with the bathroom. 

But everything else, all the doors are wide, you know, will fit the wheelchair. Kitchen 

appliances are quite okay. And generally moving around is pretty good. It is just all 

the things are okay apart from the bathroom. Which is built for the younger 

generation, ōǳǘ ǿŜ ŀǊŜ Ƴƻǎǘƭȅ ƻƭŘŜǊ ƎŜƴŜǊŀǘƛƻƴ ƘŜǊŜΣ Ƴƻǎǘƭȅ ƻǾŜǊ рлǎΦέ (R14, age 51-

70, male, lives on the ground floor) 
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R14 mentioned that if they experienced a social change, they could use their energy-related 

appliances in the same way, but it would be difficult for them to use the bathroom in terms 

ƻŦ ŀŎŎŜǎǎƛōƛƭƛǘȅΦ ¢ƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǇŜǊǎǇŜŎǘƛǾŜ ŀƭǎƻ ƭƛƴƪǎ ǿƛǘƘ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ 

adaptability of the housing appliances if there were to be a sudden social change in these 

homes.  

To summarise this section, external factors like Covid-19 and the energy crisis significantly 

ƛƴŦƭǳŜƴŎŜŘ ƘƻǳǎŜƘƻƭŘ ŜƴŜǊƎȅ ǳǎŜ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ƘŜŀǘƛƴƎ ǇǊŀŎǘƛŎŜǎΦ ¢ƘŜ ǇŀƴŘŜƳƛŎ 

increased the time spent at home and made those over 50 particularly sensitive to indoor 

temperatures after recovering from the virus. The energy crisis prompted many inhabitants 

to adapt their heating habits due to financial pressures. Although home user guides are 

provided to inhabitants, the design team struggle to understand how effectively inhabitants 

use the energy-related controls, especially those over 70 who face difficulties with technical 

equipment. Nevertheless, effective insulation helped most inhabitants reduce their reliance 

on heating systems.  

5.3 Boiler Practices 

5.3.1 InhabitantǎΩ Discussions About Boiler Practices 

All 18 of the inhabitants recognise the boiler as the primary source of heating within their 

homes. However, their interaction with the boiler is minimal, and their approach to its 

operation is largely passive. For example, R4 noted:  

ά¢ƻ ōŜ ƘƻƴŜǎǘΣ ǿŜ ƴŜǾŜǊ ǘƻƻƪ ƳǳŎƘ ƴƻǘƛŎŜ ŀōƻǳǘ ƛǘ ώǳǎƛƴƎ ǘƘŜ ōƻƛƭŜǊϐΦ .ǳǘ L ƪƴƻǿ ŀ ŦŜǿ 

months ago, it is not much about me, it was from the energy supplier. And they were 

ǎŀȅƛƴƎΣ ǘǳǊƴ ȅƻǳǊ ōƻƛƭŜǊ Řƻǿƴ ǘƻ ŀ ŎŜǊǘŀƛƴ ŘŜƎǊŜŜΦ ώΧϐ {ƻ, I turned the heating down 

to a certain degreeΦ .ǳǘ ŀǇŀǊǘ ŦǊƻƳ ǘƘŀǘΣ ǿŜ ƴŜǾŜǊ ǘƻǳŎƘ ƛǘΦέ όwпΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ 

lives on the ground floor) 

Notably, some inhabitants, such as R4, mentioned that they never engaged with the boiler 

and were only made aware of its presence and function when asked by the researcher. 

Another example of minimal boiler interaction is from R6: 
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άL ǿƛƭƭ ōŜ ƘƻƴŜǎǘ ǿƛǘƘ ȅƻǳΦ Lǘ ώthe gas combi boiler] frightens me a little bit. I do not 

touch the boiler at all because it was adjusted for everybody when you moved in, and 

someone [from the maintenance team] comes out regularly to check, to maintain the 

ōƻƛƭŜǊΦ {ƻΣ L ǇǊŜŦŜǊ ǘƘŜƳ ǘƻ Řƻ ǘƘŀǘΦέ όwсΣ ŀƎŜ рм-70, female, lives on the first floor) 

Similar to R4, R6 mentioned that she avoids operating the boiler and instead relies on 

maintenance personnel from the housing association to make any necessary adjustments. 

When R6 requires changes, she does not attempt to handle the boiler herself but waits for 

professional intervention. A common theme among the inhabitants is their reluctance to 

change the temperature settings on the boiler. Many leave them as they are, either out of 

satisfaction with the current state or due to a lack of understanding of their usage. For 

example, R7 stated:  

άbƻΣ ǿŜ Řƻ ƴƻǘ ώŘƛǎŎǳǎǎ ǘƘŜ ōƻƛƭŜǊ ōŜƛƴƎ ƻƴ ŀƴŘ ƻŦŦϐΦ tǊƛƳŀǊƛƭȅ ōŜŎŀǳǎŜ ǿŜ Ƨǳǎǘ Řƻ ƴƻǘ 

need to have that conversation because you know the house is set so it is warming 

up. So, ǿŜ ƘŀǾŜ ōŜŜƴ ǾŜǊȅ ƭǳŎƪȅ ŜƴƻǳƎƘ ǘƘŀǘ ƛǘ ǿƻǊƪǎ ǾŜǊȅ ǿŜƭƭΦέ όwтΣ ŀƎŜ рм-70, 

male, lives on the first floor) 

R7 stated above that he expresses contentment with the existing settings and highlighted 

that there is no need to discuss the boiler usage with other household members. Conversely, 

some inhabitants are dissatisfied with the temperature settings of the boiler but avoid 

ƳŀƪƛƴƎ ŀƴȅ ŎƘŀƴƎŜǎ ŘǳŜ ǘƻ ŘƛŦŦƛŎǳƭǘƛŜǎ ƛƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ōƻƛƭŜǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ CƻǊ 

instance, R15 noted: 

άbƻΣ ǿŜ Řƻ ƴƻǘ ώŘƛǎŎǳǎǎ ǘƘŜ gas combi boiler being on and off], we sort of leave it 

[gas-combi boiler] as it is because it is so annoying and frustrating. And I do not 

understand it, about the instructions. I do not know how many times I tried and work 

something out and I cannot do it. So, that is why we just leave it on 16 [degrees]Φέ 

(R15, age 30-50, female, lives on the first floor) 

CǊƻƳ wмрΩǎ ǎǘŀǘŜƳŜƴǘΣ ƛǘ Ŏŀƴ ōŜ ǳƴŘŜǊǎǘƻƻŘ ǘƘŀǘ, ŘŜǎǇƛǘŜ ǘƘŜ ƘƻǳǎŜƘƻƭŘΩǎ ŘƛǎŎƻƳŦƻǊǘ ǿƛǘƘ 

the temperature within the home, they prefer to leave the boiler untouched rather than risk 

incorrect adjustments. The absence of interaction with the boiler results in a lack of 

discussion among the inhabitants regarding its use. According to the interviews with the 
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inhabitants, none of them take responsibility for altering the settings, nor do they discuss 

them within their households, reinforcing a passive approach to household heating 

practices.  

hǾŜǊŀƭƭΣ ǘƘŜ ōƻƛƭŜǊ ǊŜƳŀƛƴǎ ŀ ōŀŎƪƎǊƻǳƴŘ ŜƭŜƳŜƴǘ ƛƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ Řŀƛƭȅ ǊƻǳǘƛƴŜǎ ƛƴ ǘƘƛǎ 

case study. While it provides essential heating, it is neither actively managed nor regularly 

discussed, reflecting a broader tendency toward non-ƛƴǘŜǊǾŜƴǘƛƻƴ ƛƴ ǘƘŜ ƘƻǳǎŜƘƻƭŘΩǎ 

technological infrastructure. 

 
5.3.2 Usability of the Boiler and Alternative Options  

The findings from inhabitants R1, R2 and R14 indicate a persistent pressure problem with 

the boiler, revealing its lack of robustness in adapting to social changes. R1 stated: 

ά.ǳǘ ƛǘ ώthe gas combi boiler] has [had] a problem with competence for 4 years. The 

pressure is really low when we open the tap, so the shower does not work properly. 

²Ŝ ƴŜŜŘ ǘƻ ƘƛǊŜ ǘƘŜ ǎŜǊǾƛŎŜ ŦƻǊ ƳŀƛƴǘŜƴŀƴŎŜΦέ όwмΣ ŀƎŜ рм-70, female, lives on the 

ground floor) 

R1 explained that the boiler has a pressure problem that leads to failure when using the hot 

water, emphasising its inability to maintain performance to enable the inhabitants to 

continue their daily activities. The majority of inhabitants (14 out of 18 interviewees) 

mentioned that they rely on maintenance services when issues arise with the boiler. For 

example, R18 noted: 

άbƻΣ ǿŜ ƘŀǾŜ ǘƻ ǇƘƻƴŜ {I5 ώ{ƻŎƛŀƭ IƻǳǎƛƴƎ 5ŜǾŜƭƻǇƳŜƴǘϐ and they will inform 

ǎƻƳŜōƻŘȅ ŜƭǎŜΣ ŀƴŘ ǘƘŜȅ ƘŀŘ ǘƻ ŎƻƳŜ ƻǳǘΦ Lǘ Ƙŀǎ ōǊƻƪŜƴ Řƻǿƴ ŀōƻǳǘ ǘǿƛŎŜΣ ǎƻΦέ όwмуΣ 

age 51-70, female, lives on the first floor) 

wмуΩǎ ǎǘŀǘŜƳŜƴǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ǳǎŀōƛƭƛǘȅ ƛǎ ŎǊƛǘƛŎŀƭΣ ŀƴŘ ǎƘŜ ŜȄǇƭŀƛƴŜŘ ǘƘŀǘ ǘƘŜƛǊ ōƻƛƭŜǊ ƘŀŘ 

maintenance issues before, so they contacted the social housing association to fix the boiler 

issue. Similarly, and as R15 highlighted in Section 5.3.1, difficulties in understanding the 

boiler instructions contributed to a passive approach to its usage. Without sufficient 

knowledge, inhabitants are less likely to engage with fixing the problem, reinforcing a cycle 

of dependence on external maintenance. Additionally, the majority of households (14 out of 
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16 households) do not have an alternative for the boiler, beyond using a kettle to heat water. 

This reliance on external maintenance highlights a passive interaction with the boiler, where 

inhabitants do not actively engage with the boiler to fix the issue.  

Furthermore, R14 explained that hot water is essential for daily activities, such as washing 

dishes and showering:  

άAbout every day, [using the gas combi boiler], like washing pots and all that. And 

having a shower. You know, the problem with the shower is, the water pressure does 

ƴƻǘ ǎŜŜƳ ǘƻ ōŜ ǾŜǊȅ ƘƛƎƘΦ ²ƘŜƴ ȅƻǳ ƘŀǾŜ ōŜŜƴ ǘƻ ǎƻƳŜōƻŘȅ ŜƭǎŜΩǎ ƘƻǳǎŜ ŀƴŘ ǎŜŜ 

their shower and it is like the pressure is very powerful and you get back home and 

ȅƻǳ ǘƘƛƴƪΣ ƻƘΣ ǘƘƛǎ ƛǎ ƴƻǘ ǿƘŀǘ ƛǘ ǿŀǎ ǎǳǇǇƻǎŜŘ ǘƻ ōŜΦέ όwмпΣ ŀƎŜ рм-70, male, lives on 

the ground floor) 

!ǎ wмп ŘŜǎŎǊƛōŜŘΣ ǘƘŜ ŜȄǇŜŎǘŀǘƛƻƴ ƻŦ ǎŜŀƳƭŜǎǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ ōƻƛƭŜǊΩǎ ǊƻƭŜ ƛƴ 

everyday life, meaning it remains largely unnoticed until it fails. However, its limitations 

become particularly apparent during periods of social change, such as an increase in 

household occupancy during the Covid-19 pandemic. This inability to scale with social and 

environmental changes challenges its resilience. A more resilient infrastructure would be 

ŀōƭŜ ǘƻ ŀŘŀǇǘ ǘƻ ŎƘŀƴƎŜǎ ǿƛǘƘƻǳǘ ŘƛǎǊǳǇǘƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ Řŀƛƭȅ ǊƻǳǘƛƴŜǎΦ 

Additionally, there is a clear need for an alternative option in case of boiler failure. Research 

by Stevenson, Baborska-Narozny and Chatterton (2016) highlights the importance of backup 

systems to maintain household functionality when the primary heating system fails. 

However, findings from this study indicate that 14 out of 16 households do not have an 

alternative for the boiler. Instead of preparing for potential breakdowns, the majority of the 

inhabitants prefer to wait for the maintenance team. R7 is one of the inhabitants who does 

not own a backup option: 

άhƘΣ ǿŜƭƭΣ L ǘƘƛƴƪ ƎƻƛƴƎ ŦƻǊǿŀǊŘ ȅƻǳ ŀǊŜ ƎƻƛƴƎ ǘƻ ƘŀǾŜ ǘƻ ōŜ ŀǿŀǊŜ ƻŦ ǿƘŀǘ ƛǎ ƎƻƛƴƎ ǘƻ 

happen in terms of where, you know, when the boiler breaks. But that is more of an 

ƛǎǎǳŜ ŦƻǊ ώΧϐ IƻǳǎƛƴƎ !ǎǎƻŎƛŀǘƛƻƴΦ ¸ƻǳ ƪƴƻǿ ǿƛǘƘ ǘƘŜ ōƻƛƭŜǊ ǊŜŀŎƘ ǘƘŜ ŜƴŘ ƻŦ ƛǘǎ ƭƛŦŜΣ 

ǿŜ ǿƻǳƭŘ ƘŀǾŜ ǎƻƳŜ ƪƛƴŘ ƻŦ ŀ Ŏƻƴǎǳƭǘŀǘƛƻƴ ǿƛǘƘ ώΧϐ IƻǳǎƛƴƎ !ǎǎƻŎƛŀǘƛƻƴΦέ όwтΣ ŀƎŜ 

51-70, male, lives on the first floor) 
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As R7 noted, inhabitants rely on the housing association to resolve issues when the boiler 

reaches the end of its life, rather than considering backup solutions. This lack of alternatives 

is further emphasised by R1, as she noted: 

ά²Ŝ ŀǊŜ ǳǎƛƴƎ ǘƘŜ ƪŜǘǘƭŜΣ ōǳǘ ƛǘ ƛǎ ǊŜŀƭƭȅ ŘƛŦŦƛŎǳƭǘΦ L ƘŀǾŜ ōŜŜƴ ƘŜǊŜ ŦƻǊ six years now 

ŀƴŘ ƛǘ ƛǎ ǎǘƛƭƭ ƴƻǘ ŦƛȄŜŘΦέ όwмΣ ŀƎŜ рм-70, female, lives on the ground floor) 

R1 stated that using a kettle as a temporary solution is inconvenient, yet they have had no 

alternative for six years. Furthermore, Figure 5.5 indicates that many inhabitants either do 

not perceive their gas combi boiler as responsive to their actions or lack the knowledge to 

operate it effectively. This reinforces the idea that the boiler remains a passive part of the 

ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎΣ ƻƴƭȅ ƎŀƛƴƛƴƎ ŀǘǘŜƴǘƛƻƴ ǿƘŜƴ ƛǘ ŦŀƛƭǎΦ 

 

 

 

 

 

 

 

 

In contrast, R6 who does not own an alternative option for the boiler mentioned:  

ά²ŜƭƭΣ L Řƻ ƴƻǘ ƘŀǾŜ ŀƴȅ ŀƭǘŜǊƴŀǘƛǾŜ ώŦƻǊ ǘƘŜ Ǝŀǎ combi boiler]. And to be honest, it is 

ƴŜǾŜǊ ōǊƻƪŜƴ ŘƻǿƴΦ L ǘƘƛƴƪ ǿƛǘƘ ǘƘŜ ǊŜƎǳƭŀǊ ŎƘŜŎƪǎΣ ȅƻǳ ƪƴƻǿΣ ƛǘ ƛǎ ǎŀŦŜΦέ όwсΣ ŀƎŜ рм-

70, female, lives on the first floor) 

R6 expressed a sense of security due to regular maintenance checks, implying trust in the 

social housing association rather than a personal understanding and knowledge of managing 

Figure 5.5 LƴƘŀōƛǘŀƴǘǎΩ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴΤ 
does the boiler show any response to your actions? 



 100 

the boiler. However, this approach does resolve situations when maintenance services are 

delayed or unavailable, further underscoring the need for an alternative for the boiler. 

¢ƻ ǎǳƳƳŀǊƛǎŜΣ ǘƘŜ ōƻƛƭŜǊΩǎ ŦŀƛƭǳǊŜ ǘƻ ƛƴǘŜƎǊŀǘŜ ƛƴǘƻ ŜǾƻƭǾƛƴƎ ŘƻƳŜǎǘƛŎ ŎƻƴŘƛǘƛƻƴǎΣ ǘƘŜ 

absence of alternative options and its reliance on external maintenance highlight its lack of 

resilience. This analysis exemplifies how technological systems must be both reliable and 

adaptable to ensure continued functionality in response to shifting household needs. A 

resilient heating system would not only function reliably under varying conditions (e.g., 

Covid-19, increase in occupancy) but also be designed in a way that encourages active user 

engagement and provides backup options, ensuring continuity in essential household 

practices. 

5.4 Room Thermostat Practices 

5.4.1 Inhabitant Discussions and Decision-Making 

The analysis of room thermostat practices (see Figure 5.1 (b)) among inhabitants reveals a 

range of heating habits influenced by household dynamics and external factors such as the 

energy crisis. A key pattern observed in this thesis is that household members often discuss 

thermostat usage (see Figure 5.6) and one member typically takes charge of operating the 

control. This decision-making process varies depending on individual comfort levels, 

presence at home, and external constraints such as energy costs. 

 

 

 

 

 

 

 

 

 

Figure 5.6 The percentage of inhabitants who discuss with 
each other when they need to use the room thermostat 
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In many households, the inhabitant who feels the cold more tends to make the decision to 

turn on the room thermostat, while another household member operates it. For example, 

R2 noted: 

άDo you discuss with your wife when you need to use heating in your home? Are 

ǘƘŜǊŜ ŀƴȅ ŘƛŦŦƛŎǳƭǘƛŜǎ ǘƘŀǘ ȅƻǳ ŦŀŎŜŘ ǿƘŜƴ ȅƻǳ ǿŜǊŜ ŘƛǎŎǳǎǎƛƴƎΚέ όa¢Σ researcher) 

άYeah. Yeah. My wife ƎŜǘǎ ŎƻƭŘ ŜŀǎƛƭȅΣ ǎƻ ǎƘŜ ƴŜŜŘǎ ƘŜŀǘΦ ώΧϐ So, sometimes I just 

leave it [room thermostat] on, if we go out somewhere and it is cold, you know, [we] 

ŎƻƳŜ ōŀŎƪ ŀƴŘ ƛǘ ƛǎ ǿŀǊƳΦ ²Ŝ Ƨǳǎǘ ƭŜŀǾŜ ƛǘ ƻƴΦέ όwнΣ ŀƎŜ рм-70, male, lives on the 

ground floor) 

According to R2, R1 and R2 discuss their heating needs, and R1, who feels cold more easily, 

makes the final decision, while R2 physically controls the room thermostat. This aligns with 

broader findings that decision-making regarding room thermostat practices is often a 

collaborative process, yet one individual ultimately takes charge. Similarly, R18 mentioned 

the one who felt cold in the home takes charge of the room thermostat, but she also 

mentioned that her husband, R19, who works outdoors, is more accustomed to cold 

weather: 

άbƻΣ ƛŦ ƘŜ ώwмфϐ ƛǎ ŎƻƭŘ ƘŜ ǿƛƭƭ ƻǇŜǊŀǘŜ ƛǘ ώǊƻƻƳ ǘƘŜǊƳƻǎǘŀǘϐΦ LŦ L ŀƳ ŎƻƭŘΣ L Ǝƻ ŀƴŘ 

open it ώΧϐ He [R19] is not getting cold, because he works outside. So, he does not get 

ōƻǘƘŜǊŜŘ ǿƛǘƘ ŎƻƭŘΦέ όwмуΣ ŀƎŜ рм-70, female, lives on the first floor)  

In contrast, R7 and R9 prefer to leave the room thermostat at a fixed temperature, only 

adjusting it seasonally. R9, for instance, maintains a constant setting of 25°C, avoiding 

unnecessary changes and reflecting a preference for stability and minimal intervention in 

thermostat control: 

άhƘΣ ǿŜ ǳǎŜ ƛǘ ώǊƻƻƳ ǘƘŜǊƳƻǎǘŀǘϐΦ ²Ŝ Ƨǳǎǘ ƭŜŀǾŜ ƛǘ ƻƴ ƛƴ ƻƴŜ ǎŜǘǘƛƴƎΣ ǘƘŀǘ ƛǎ ŀƭƭΦ ²Ŝ Řƻ 

not really mess with it. We leave it on probably 25 [degrees], which is just like just 

above the ideal room ǘŜƳǇŜǊŀǘǳǊŜΦέ όwфΣ ŀƎŜ рм-70, male, lives on the first floor) 
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!ƴƻǘƘŜǊ ǎƛƎƴƛŦƛŎŀƴǘ ǘƘŜƳŜ ŜƳŜǊƎƛƴƎ ŦǊƻƳ ǘƘŜ ŀƴŀƭȅǎƛǎ ƛǎ ΨǇǊŜǎŜƴŎŜ ŀǘ ƘƻƳŜΩΣ ǿƘƛŎƘ ƳŜŀƴǎ 

that one household member ς often the one who stays in the home the most ς takes charge 

of operating the room thermostat (see Figure 5.7). For example, R4 noted: 

ά²Ŝƭƭ, yeah [discussion on using the room thermostat], because I am always at home 

more often than he [R5] is. He [R5] feels a lot more cold. Because I am always up 

doing something, you know. He [R5] gets colder than me, so. So, I usually open the 

ƘŜŀǘƛƴƎΣ ƘŜ ǘŜƭƭǎ ƳŜΦέ όwпΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ ƎǊƻǳƴŘ ŦƭƻƻǊύ 

 

 

 

 

 

 

 

 

 

 

wпΩǎ ǎǘŀǘŜƳŜƴǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ǘƘŜȅ ŘƛǎŎǳǎǎ ǿƛǘƘƛƴ ǘƘŜƛǊ ƘƻǳǎŜƘƻƭŘ ǿƘŜƴ ǘƘŜȅ ƴŜŜŘ ǘƻ ǳǎŜ 

the room thermostat, and R4 is the one who takes charge of the heating. This decision-

making process reflects a balance between comfort preferences and practical considerations 

of who interacts with the thermostat most frequently.  

Another notable result of this thesis is the tendency for female inhabitants to take charge of 

the room thermostat (see Figure 5.8). For example, R3 noted:  

Figure 5.7 The percentage of inhabitants who take charge of 
using the room thermostat based on the inhabitants who are 
at home most of the time, in the evenings or other times 
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άLǘ is mainly me [who takes charge of the room thermostat] because I am the one 

ǘƘŀǘ ǿŀǎ ŀƭǿŀȅǎ ƛƴΦέ (R3, age 51-70, female, lives on the ground floor) 

 

 

 

 

 

 

 

 

 

 

wоΩǎ ǎǘŀǘŜƳŜƴǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ǎƘŜ ŀǎǎǳƳŜǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ ǊƻƻƳ ǘƘŜǊƳƻǎǘŀǘ ŎƻƴǘǊƻƭ ŀǎ ǎƘŜ 

ƛǎ ƘƻƳŜ Ƴƻǎǘ ƻŦ ǘƘŜ ǘƛƳŜ ŀƴŘ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǘƘŜ ŎƻƴǘǊƻƭΩǎ ǎŜǘǘƛƴƎǎΦ wпΩǎ ǎǘŀǘŜƳŜƴǘ ŀƭǎƻ 

supports this argument, because she mentioned that she takes charge of the thermostat as 

she is at home more often than her husband (R5). To interpret these findings, we can say 

that even in households where discussions occur, women often feel more comfortable 

operating the room thermostat. This finding suggests a gendered dimension in the 

household, highlighting that many female participants expressed greater confidence in using 

thermostat controls, often due to spending more time at home, as exemplified by R3 and R4. 

5.4.2 Room Thermostat Usage Patterns and Routines 

The results also identify distinct room thermostat usage routines among the inhabitants. 

Some inhabitants, like R14 and R18, prefer to use the thermostat to turning the heating on 

for a limited period in the morning or evening and then switching it off. R14 noted: 

Figure 5.8 The percentage of inhabitants who take charge of the 
room thermostat based on gender 
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ά±ŜǊȅ ǊŀǊŜ ώǳǎƛƴƎ ǘƘŜ ǊƻƻƳ ǘƘŜǊƳƻǎǘŀǘϐΦ L ǘƘƛƴƪ ŦƛǊǎǘ ǘƘƛƴƎ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎ ƛƴ ǘƘŜ 

ǿƛƴǘŜǊΣ Ǉǳǘ ƻƴ мл ƳƛƴǳǘŜǎ ŀƴŘ ǘƘŜƴ ǘǳǊƴ ƛǘ ώǊƻƻƳ ǘƘŜǊƳƻǎǘŀǘϐ ƻŦŦΦ ¢Ƙŀǘ ƛǎ ƛǘ ǊŜŀƭƭȅΦέ 

(R14, age 51-70, male, lives on the ground floor) 

R15 follows a structured schedule, adjusting the thermostat to 20°C upon returning from 

work and lowering it to 16°C at bedtime: 

ά²Ŝ ƘŀǾŜ ƛǘ [room thermostat] on set to 16 [degrees], but that is quite cold. So, when 

we come home from work, I turn it [room thermostat] on up to 20 [degrees], to get it 

[home] warm for my husband [R16]. The moment when we go to bed, we turn it back 

down to 16 [degrees]Φέ (R15, age 30-50, female, lives on the first floor) 

wмрΩǎ ǎǘŀǘŜƳŜƴǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ƘŀǾŜ ŀ ǊƻǳǘƛƴŜ ƻŦ ǳǎƛƴƎ ǘƘŜ ǊƻƻƳ ǘƘŜǊƳƻǎǘŀǘ ŀŎŎƻǊŘƛƴƎ ǘƻ 

their personal preferences. Similarly, R17 maintains a daily routine, increasing the 

temperature to 20°C in the morning and reducing it to 18°C at night: 

άL ǘǳǊƴ ƛǘ [room thermostat] down at night to 18 degrees because it has been really 

cold. And when I get up in the morning, I just turn it [room thermostat] up to 20 

[degrees]. And because now it is cold, it keeps clicking the heating on and off, so it 

ƪŜŜǇǎ ƛǘ Ŏƻƴǎǘŀƴǘƭȅ ƭƻǿΦέ (R17, age over 70, female, lives on the ground floor) 

These variations suggest that room thermostat practices are deeply embedded in 

ƛƴƘŀōƛǘŀƴǘǎΩ ǇŜǊǎƻƴŀƭ ǊƻǳǘƛƴŜǎ ŀƴŘ ŎƻƳŦƻǊǘ ǇǊŜŦŜǊŜƴŎŜǎΦ {ƻƳŜ ƛƴƘŀōƛǘŀƴǘǎ ǇǊƛƻǊƛǘƛǎŜ 

maintaining a consistent temperature, while others opt for more dynamic usage based on 

specific timeframes or comfort needs. Notably, this also highlights that many inhabitants are 

ƴƻǘ ƛƴ ǘƘŜ Ƙŀōƛǘ ƻŦ ǳǎƛƴƎ ǘƘŜ ƘŜŀǘƛƴƎ ǇǊƻƎǊŀƳƳŜǊΣ ƻǊ ΨǘƛƳŜǊΩΣ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜƛǊ ƘŜŀǘƛƴƎΦ 

Instead, their habit (e.g., statements from R14, R15, R17) is to adjust the room thermostat 

manually when they feel cold. The usability of the heating programmer and its relation to 

room thermostats is explored in more detail in Section 5.4.3. 

The ongoing energy crisis has influenced room thermostat practices, leading some 

inhabitants to change their heating practices to reduce energy consumption. For instance, 

R11 noted: 
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άώWe] do not leave anything on standby anymore and wear a jumper instead of 

putting the heating on [since the ŜƴŜǊƎȅ ŎǊƛǎƛǎϐΦέ όwммΣ ŀƎŜ рм-70, male, lives on the 

ground floor) 

This statement highlights that, due to the energy crisis, R11 and their household have 

adapted their heating habits by wearing warmer clothing instead of turning on the room 

thermostat frequently. Similarly, R25 adopted time-based heating habits, using the room 

thermostat only during specific periods to manage energy costs effectively: 

άWell, normally we [R25 and R26] always say to the kids Ψturn all the lights off when 

you leave your room and do not leave their water runningΩ because these electric 

meters increase. You know earlier we used the room thermostat when it was cold and 

whenever the temperature drops to a certain temperature it just comes on. But now 

we do not do that anymore. We only use the heating [at] certain times of the day.έ 

(R25, age 30-50, female, lives in a semi-detached home) 

The statement from R25 demonstrates that they have a similar approach to R11, and they 

mentioned they energy crisis as their main reason for changing their heating practices. 

These findings also align with Gram-IŀƴǎǎŜƴΩǎ όнлмлύ ǎǘǳŘȅΣ ǿƘƛŎƘ ƘƛƎƘƭƛƎƘǘǎ Ƙƻǿ ƘƻǳǎŜƘƻƭŘ 

energy consumption can shift toward more sustainable practices, such as not leaving 

technological equipment on standby anymore.   

5.4.3 Usability of Room Thermostat and Challenges with Its Functionality 

The usability of the room thermostat was ŀǎǎŜǎǎŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ 

continue using the equipment depending on age group, household type and gender. The 

thematic analysis of the interviews and usability surveys reveals that the vast majority of the 

inhabitants find it easy to control their room thermostat and understand how to use it 

effectively (see Figure 5.9). ! ƪŜȅ ǘƘŜƳŜ ŜƳŜǊƎƛƴƎ ŦǊƻƳ ǘƘŜ ŀƴŀƭȅǎƛǎ ƛǎ ΨǘǳǊƴƛƴƎ ǳǇ ŀƴŘ ŘƻǿƴΩΣ 

ǿƘƛŎƘ ǊŜƭŀǘŜǎ ǘƻ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ Ƙŀōƛǘǳŀƭ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ǘƘŜǊƳƻǎǘŀǘΦ For example, R6 

noted: 

άThere is a thermostat on the wall in the hall and you can set it at a certain 

temperature so that it comes on automatically. If you feel like you would rather do 
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that, or you can just switch it on yourself and switch it off when you feel. It is very 

Ŝŀǎȅ ǘƻ ƳŀƴŀƎŜΦέ (R6, age 51-70, female, lives on the first floor) 

The statement of R6 highlights that she understands how to use the room thermostat and 

how to change the temperature depending on her comfort level. This indicates that most 

inhabitants are confident in adjusting the room thermostat when needed, demonstrating 

intuitive and straightforward engagement with the heating control (also see Figure 5.9 

below). 

 

 

 

 

 

 

 

 

Despite general usability, some inhabitants reported issues with how the thermostat 

responds to temperature settings. For instance, R4 noted: 

άThere is a thermostat on the wall. And you know, I just switch it on. Um, that is 

another thing I do not like because heating will not come on until you put it on a time 

set. When you put on a time, it switches on. So, if you select below 20 degrees, it 

switches off. So, ƛǘ Ƙŀǎ ǘƻ ōŜ нл ώŘŜƎǊŜŜǎϐ ƻǊ ŀōƻǾŜΦέ όwпΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ 

the ground floor) 

wпΩǎ ǎǘŀǘŜƳŜƴǘ ŀōƻǾŜ ŜȄǇƭŀƛƴǎ that the room thermostat switches off at a certain 

temperature and does not switch on for extended periods, causing discomfort in colder 

seasons. Similarly, R22Ωǎ ǎǘŀǘŜƳŜƴǘ ƛƴ {ŜŎǘƛƻƴ рΦнΦн ƘƛƎƘƭƛƎƘǘŜŘ that, she operates the room 

Figure 5.9 tƛŜ ŘƛŀƎǊŀƳ ǎƘƻǿƛƴƎ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ 
understanding of operating the room thermostat 
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thermostat manually to turn the heating on for short durations, taking advantage of the 

ƘƻƳŜΩǎ ƛƴǎǳƭŀǘƛƻƴ ǘƻ ǊŜǘŀƛƴ ǿŀǊƳǘƘΦ Lƴ ǘƘƛǎ ŜȄŀƳǇƭŜΣ ǘƘŜ ƘŜŀǘƛƴƎ ǇǊƻƎǊŀƳƳŜǊ ŘƻŜǎ ƴƻǘ ǿƻǊƪ 

as expected and, while the room thermostat switches off upon reaching the preferred 

temperature, it remains off for too long, causing discomfort. Another example came from 

R3: 

ά¢ƘŜǊŜ ƛǎ ŀ ǘƛƳŜǊ ώƘŜŀǘƛƴƎ ǇǊƻƎǊŀƳƳŜǊϐΦ .ǳǘ L Řƻ ƴƻǘ ƪƴƻǿ Ƙƻǿ ǘƻ ǿƻǊƪ ƛǘ ƻǳǘΦ L Řƻ 

not understand the instructions. You know, you can pre-set it at certain times. But I 

would not need it in general because it is not that cold, so I would not need it on 

whilst we were asleep or anything like that. So, L Řƻ ƴƻǘ ǊŜŀƭƭȅ ƴŜŜŘ ƛǘ ǇǊƻƎǊŀƳƳŜŘΦέ 

(R3, age 51-70, female, lives on the ground floor) 

R3 highlighted in her statement above that she does not understand the instructions for 

using the heating programmer. Despite the availability of manuals and home user guides, 

many (see Figure 5.10) find the instructions difficult to follow in their heating practices. 

Figure 5.10 further supports this argument by indicating that the heating programmer does 

not show a response to the majority of the inhabitants. This aligns with findings from Lomas 

et al. (2018), who reported that older inhabitants, particularly those over 60, often struggle 

with the programmable features of heating controls. The statements from the inhabitants 

reveal a recurring issue that inhabitants generally do not incorporate the heating 

programmer into their heating practices, and instead they prefer to use the room 

thermostat manually. This can be attributed to two main factors: difficulty in understanding 

the instructions and a perception that the heating programmer does not function properly. 

As a result, most inhabitants prefer the manual use of the room thermostat instead.  

This pattern suggests a gap between the design intentions behind the heating controls and 

the actual user behaviour. Insights from the design team (see Section 5.2.2) indicate that, 

while the home user guide provides comprehensive instructions, its effectiveness ultimately 

ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ŀōƛƭƛǘȅ ǘƻ Ŧƻƭƭƻǿ ǘƘŜ ƛƴǎǘǊǳŎǘƛƻƴǎΦ ¢Ƙƛǎ 

highlights the need for improved inhabitant and design team collaboration, more intuitive 

ƘŜŀǘƛƴƎ ŎƻƴǘǊƻƭ ƛƴǘŜǊŦŀŎŜǎΣ ƻǊ ǇƻǘŜƴǘƛŀƭ ŘŜǎƛƎƴ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ǘƻ ōŜǘǘŜǊ ŀƭƛƎƴ ǿƛǘƘ ƛƴƘŀōƛǘŀƴǘǎΩ 

practices. 
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Although room thermostats are generally considered easy to use by the inhabitants, several 

challenges remain, including thermostat malfunctions, economic constraints influencing 

heating habits, and reliance on alternative heating solutions, which will be explored in the 

following section. 

5.4.4 Alternative Heating Equipment for Room Thermostat and Safety Concerns 

Half of the households (8 out of 16 households) have alternative heating solutions in case of 

room thermostat failures, demonstrating a form of redundancy in their heating practices. 

Portable electric heaters, fan heaters and electric fires are common backup options, with 

inhabitants purchasing this equipment themselves as a precautionary measure. For example, 

R18 noted: 

άL ōƻǳƎƘǘ ƳȅǎŜƭŦ ŀ ƭƛǘǘƭŜ ŜƭŜŎǘǊƛŎ ŦƛǊŜΦ LŦ ǘƘŜ ƘŜŀǘƛƴƎ ŘƻŜǎ Ǝƻ ƻŦŦ, I can just put the 

ŜƭŜŎǘǊƛŎ ŦƛǊŜ ƻƴΦέ όwмуΣ ŀƎŜ рм-70, female, lives on the first floor) 

Similarly, R6 also mentioned she bought herself a portable air conditioning unit that she uses 

for both heating and cooling purposes: 

Figure 5.10 LƴƘŀōƛǘŀƴǘǎΩ ǊŜǎǇƻƴǎŜǎ ŀōƻǳǘ ǿƘŜǘƘŜǊ ǘƘŜ ƘŜŀǘƛƴƎ 
programmer shows a response when they turn it on and off 
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άL Řƻ ƘŀǾŜ ŀ ǎƳŀƭƭ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎ ǳƴƛǘ ώŀǎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ŦƻǊ ǊƻƻƳ ǘƘŜǊƳƻǎǘŀǘϐΣ [a] 

very small one. A little unit which you can use for heating the room as well if 

necessary. But I have been there [social housing] since 2016 and so far nothing has 

ŜǾŜǊ ōǊƻƪŜƴ ŘƻǿƴΦέ όwсΣ ŀƎŜ рм-70, female, lives on the first floor) 

These interviews show how these households increased the redundancy in their homes by 

providing themselves alternative heating solutions in case the room thermostat fails. Only 

one household (R9) received temporary portable heaters from the social housing association 

when their central heating system malfunctioned for two days: 

άWe have got some portable heaters, when the central heating was broken for about 

ǘǿƻ ŘŀȅǎΣ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴ ƎŀǾŜ ǳǎ ǎƻƳŜ ǎƳŀƭƭ ǇƻǊǘŀōƭŜ ŜƭŜŎǘǊƛŎ ƘŜŀǘŜǊǎ ŦƻǊ ǿƛƴǘŜǊΦέ 

(R9, age 51-70, male, lives on the first floor) 

wŜŦƭŜŎǘƛƴƎ ƻƴ wфΩǎ statement, his household did not have an alternative before their central 

heating system failed, which highlights that they relied only on the central heating system 

that was installed when they moved in. The malfunction of the heating system shows that 

there is a need for alternative equipment to increase the resilience of the social housing, 

even if the inhabitants trust the heating system. Sometimes the inhabitants, such as R2 (see 

Section 5.4.1) and R3, change their usual room thermostat practices even if there is no 

malfunction with their heating system. For example, R3 noted: 

ά²ŜƭƭΣ ǘƘŜȅ ŀǊŜ ώǇƻǊǘŀōƭŜ ƘŜŀǘŜǊϐ Ƨǳǎǘ ǘƘŜǊŜ ŀǎ ŀ ōŀŎƪǳǇ ƛƴ ŎŀǎŜ ǘƘŜ ƘŜŀǘƛƴƎ ōǊƻƪŜ 

down. Or sometimes very, very rarely, if we have been on holiday, for example, in the 

wintertime, and we come in and it takes, say, 20 minutes for the heating to warm up. 

L ǿƻǳƭŘ ŎƻƴǎƛŘŜǊ ǇǳǘǘƛƴƎ ƻƴ ǘƘŜ ǇƻǊǘŀōƭŜ ƘŜŀǘŜǊΦέ όwоΣ ŀƎŜ рм-70, female, lives on the 

ground floor) 

This suggests that, when the temperature is very low in winter, inhabitants require an 

alternative way to achieve their desired thermal comfort more quickly than by heating their 

entire home.   

A few inhabitants (R2 and R15) employ alternative heating methods based on personal 

thermal comfort and needs. For example, R2 mentioned: 
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ά²Ŝ ώIмϐ ƘŀǾŜ [an] electric blanket and a fan heater. We use the electric blanket a lot 

ƛƴ ǿƛƴǘŜǊΦέ όwнΣ ŀƎŜ рм-70, male, lives on the ground floor) 

wŜŦƭŜŎǘƛƴƎ ƻƴ wнΩǎ ǎǘŀǘŜƳŜƴǘΣ ǳǎƛƴƎ ŜƭŜŎǘǊƛŎ ōƭŀƴƪŜǘǎ ǇǊƻǾƛŘŜǎ ǇŜǊǎƻƴŀƭ ǘƘŜǊƳŀƭ ŎƻƳŦƻǊǘ 

without the need for whole-house heating. Similarly, R15 noted: 

άAre you aware of other ways of heating your home like electric fan heater, portable 

gas heater, electric blanket? Are you aware of any other things? (MT, researcher) 

άNo, it iǎ Ƨǳǎǘ ǇǳǊŜƭȅ ǘƘŜ ōƭŀƴƪŜǘǎ ŀƴŘ ǘƘŜ ƘŜŀǘƛƴƎΦέ όwмрΣ age 30-50, female, lives on 

the first floor) 

R15 has a similar approach to R2 in that, as a household they rely on their heating system 

and use blankets for personal comfort. However, using electric blankets is not an alternative 

for heating their homes, as they will not be enough if their heating system fails.  

One of the households, an extreme case, has adopted potentially hazardous heating 

practices when their central heating malfunctions or fails to provide adequate warmth. R17 

noted: 

ά5ƻ ȅƻǳ ƘŀǾŜ ŀƴȅ ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƻ [the] ǊƻƻƳ ǘƘŜǊƳƻǎǘŀǘΚέ όa¢Σ wŜǎŜŀǊŎƘŜǊύ 

άbƻΣ L ƘŀǾŜ ƴƻ ƻǘƘŜǊ ƘŜŀǘƛƴƎΦέ όwмтΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ ƎǊƻǳƴŘ ŦƭƻƻǊύ 

ά5ƻ ȅƻǳ ǘƘƛƴƪ ǘƘŜǊŜ ƛǎ ŀƴȅ ƻǘƘŜǊ ǿŀȅ [equipment] that you can use as an alternative 

to [the] ǊƻƻƳ ǘƘŜǊƳƻǎǘŀǘΚέ όa¢ύ  

άhƘΣ ƴƻΦ L ǿƛƭƭ ƭŜŀǾŜ ǘƘŜ ƻǾŜƴ ƻǇŜƴ ŀƴŘ ǘƘŀǘ ƛǎ ƛǘΦέ όwмтύ 

wмтΩǎ ǇǊŀŎǘƛŎŜ ƻŦ ƭŜŀǾƛƴƎ ƘŜǊ Ǝŀǎ ƻǾŜƴ ƻǇŜƴ ŦƻǊ ƘŜŀǘƛƴƎ ǇǳǊǇƻǎŜǎ ǇƻǎŜǎ ǎƛƎƴƛŦƛŎŀƴǘ ǊƛǎƪǎΣ 

including high energy consumption, increased humidity levels and potential carbon 

monoxide poisoning. These findings highlight the need for increased awareness regarding 

safe and efficient heating practices within social housing. 

To summarise, alternative equipment for the room thermostat was not provided when the 

inhabitants first moved into their homes in this case study. The requirement for redundancy 

in social housing highlights the need for enhanced reliability of and access to heating 
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systems. The lack of usability of the heating programmers indicates a gap between the 

intended functionality and actual use, necessitating improved inhabitant understanding and 

knowledge, simplified control interfaces or adaptive heating technologies. Additionally, the 

alternatives (e.g., using an oven for heating) that pose health and safety risks to the 

inhabitants underscore the necessity for targeted interventions (e.g., via POE) to ensure 

both safety and energy efficiency in social housing. 

5.5 Practices Associated with Radiators 

5.5.1 Inhabitant Discussions and Household Dynamics Related to Radiator Use 

In this case study, the radiators in the homes are equipped with thermostatic radiator valves, 

which allow inhabitants to control the temperature of individual radiators in different rooms. 

A long-term housing study conducted by Cholewa, Siuta-Olcha and Balaras (2017) indicates 

that thermostatic radiator valves contribute to energy-savings in households by reducing 

ƻǾŜǊŀƭƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ ¢Ƙƛǎ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 

ǘƘŜ ǊŀŘƛŀǘƻǊ ǾŀƭǾŜǎΩ ŦǳƴŎǘƛƻƴ ǿƛǘƘƛƴ ǘƘŜƛǊ ƘƻƳŜǎ ǘƻ ŀŎƘƛŜǾŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ǘƘŜǊƳŀƭ 

comfort. 

Decisions regarding heating practices within the household, such as adjusting radiator 

valves, are frequently discussed within the household, much like the room thermostat 

practices explained in Section 5.4.1, as described in the interview with R11: 

ά!ǎ ŀ ƘƻǳǎŜƘƻƭŘΣ Řƻ ȅƻǳ ŘƛǎŎǳǎǎ ǳǎƛƴƎ ǘƘŜ ǊŀŘƛŀǘƻǊ ǾŀƭǾŜǎ ƛƴ ǘƘŜ ƘƻƳŜΚέ όa¢Σ 

researcher)  

ά¦ǎǳŀƭƭȅ ŘƛǎŎǳǎǎ ƛǘΦέ όwммΣ ŀƎŜ рм-70, male, lives on the ground floor)  

ά²Ƙƻ ŘŜŎƛŘŜǎ ǘƻ ǳǎŜ ǘƘŀǘΣ ƭƛƪŜ Ƙƻǿ ŘƻŜǎ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ǇǊƻŎŜǎǎ ƎƻΚέ όa¢ύ 

άLŦ ƛǘ ƛǎ ŎƻƭŘΣ ƻƴŜ ƻŦ ǳǎ ǿƛƭƭ ǎŀȅΣ ȅƻǳ ƪƴƻǿΣ Ǉǳǘ ǘƘŜ ƘŜŀǘƛƴƎ ƻƴΦέ όwммύ 

¢ƘŜ ΨǇǊŜǎŜƴŎŜ ŀǘ ƘƻƳŜΩ ƛǎ ŀƭǎƻ ǎƛƎƴƛŦƛŎŀƴǘ ŦƻǊ ǘƘŜ ǇǊŀŎǘƛŎŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǊŀŘƛŀǘƻǊǎΣ ŀǎ ǿƛǘƘ 

room thermostat practices, meaning the radiator valves are often controlled by the 

inhabitant who spends most time at home. For example, R4 stated: 
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ά5ƻ ȅƻǳ ŘƛǎŎǳǎǎ ƛǘ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ ǿƘŜƴ ȅƻǳ ŀǊŜ ǳǎƛƴƎ ǘƘŜƳ ώǊŀŘƛŀǘƻǊ ǾŀƭǾŜǎϐΚέ όa¢Σ 

researcher) 

ά¸ŜŀƘΣ ǿŜΣ ǿŜ Řƻ ǎƻƳŜǘƛƳŜǎΦ .ǳǘ L ƪƴƻǿΣ ƛƴ [the] bedroom I think there is not any 

radiator valve in that one. There is, I think there is in living room and kitchen. And the 

spare bedroom they all have radiator valves. But it is not very often that we, you 

know, we put them on about number five [level], and just the spare bedroom we turn 

that [radiator valve] Řƻǿƴ ǘƻ ǘǿƻ ƻǊ ǘƘǊŜŜΦέ όwпΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ 

ground floor)  

wпΩǎ ǎǘŀǘŜƳŜƴǘ ŀōƻǾŜΣ ŀƭƻƴƎ ǿƛǘƘ ƘŜǊ ǊŜƳŀǊƪǎ ƛƴ {ŜŎǘƛƻƴ рΦпΦмΣ ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ǘƘŜƛǊ 

household discusses when to use the radiator valves and room thermostat. It is usually her 

husband, R5, who decides to turn on the heating, as he feels the cold more than R4. She also 

mentioned in Section 5.4.1 that she, R4, is often the one who turns on the heating, because 

she is the one who stays at home the most. Even when discussions do not occur within the 

households, the inhabitant who is at home the most tends to take charge of controlling the 

radiators, as noted in the interview with R3: 

άAs a household, do you discuss using the radiator valves in the home?έ όa¢Σ 

researcher)  

άI use it [radiator valves] myself, we do not discuss it. Because I am at home seven 

days a week.έ όwоΣ ŀƎŜ рм-70, female, lives on the ground floor) 

wоΩǎ ǎǘŀǘŜƳŜƴǘ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǎƘŜ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ƻǇŜǊŀǘŜǎ ǘƘŜ ǊŀŘƛŀǘƻǊ ǾŀƭǾŜǎ ǿƛǘƘƻǳǘ 

discussion because she is at home seven days a week. This pattern mirrors room thermostat 

practices, as explored above and in Section 5.4.1, where the individual most present in the 

ƘƻƳŜ ǘȅǇƛŎŀƭƭȅ ƳŀƴŀƎŜǎ ǘƘŜ ƘŜŀǘƛƴƎ ŎƻƴǘǊƻƭǎΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ǘƘŜ ǊƻƭŜ ƻŦ ΨǇǊŜǎŜƴŎŜ ŀǘ ƘƻƳŜΩ 

influences heating practices. 

5.5.2 Awareness and Perceived Usability of Radiators 

While the majority of the inhabitants (17 out of 18 interviewees) reported that they found 

radiator valves usable and easy to operate, there was an exception. The inhabitant who 
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explained that the radiator valves were not usable, R1, mentioned a lack of awareness of the 

radiator valves: 

ά5ƻ ȅƻǳ ƘŀǾŜ ǊŀŘƛŀǘƻǊ ǾŀƭǾŜǎΚέ όa¢Σ researcher) 

άbƻΣ ǿŜ Ƨǳǎǘ ƘŀǾŜ ǘƘŜ ǊŀŘƛŀǘƻǊǎΣ ǿŜ Řƻ ƴƻǘ ƘŀǾŜ ǊŀŘƛŀǘƻǊ ǾŀƭǾŜǎ ƻƴ ǘƘŜƳΦέ όwмΣ ŀƎŜ 

51-70, female, lives on the ground floor)  

R1 stated above that their radiators did not have thermostatic radiator valves, whereas R2, 

from the same household, confirmed that the radiator valves function properly and are easy 

to operate, according to the usability survey. This suggests that R1 was unaware of the 

presence of radiator valves, possibly due to R2 being primarily taking charge of the heating 

controls in the household (see Section 5.4.1 for R2 taking charge of the heating). R1 stated: 

άSometimes we use [an] electric fan heater, if the weather is really, really bad. But we 

do not use them very much because we have radiators all around. We have the 

electric fan heater just in case, if the radiators are broken down. It is better than 

ƴƻǘƘƛƴƎΦέ όwмΣ ŀƎŜ рм-70, female, lives on the ground floor) 

wŜŦƭŜŎǘƛƴƎ ƻƴ wмΩǎ ǎǘŀǘŜƳŜƴǘΣ ǘƘŜƛǊ ƘƻǳǎŜƘƻƭŘ ǇǳǊŎƘŀǎŜŘ ŀƭǘŜǊƴŀǘƛǾŜ ƘŜŀǘƛƴƎ ŜǉǳƛǇƳŜƴǘ ǘƻ 

maintain resilience in their homes and ensure continuing their heating practices as usual. 

This aligns with broader patterns observed in this study, where inhabitants (e.g., R3, R6, R9, 

R18) increased the redundancy of their homes by taking proactive measures to support or 

replace the central heating when they encounter inefficiencies or system failures (see 

Section 5.4.3). 

To summarise this section, thermostatic radiator valves are widely used and understood by 

the majority of inhabitants. The findings show that the inhabitant who spends the most time 

at home typically takes responsibility for adjusting radiator valves, as with room thermostat 

practices. In cases where the radiator valves are perceived as unusable due to a lack of 

awareness or heating system failures, inhabitants provide themselves with alternative 

heating equipment to maintain household resilience. The tendency for some inhabitants to 

have alternative solutions suggests that reliability of and accessibility to heating controls 

remain critical factors in ensuring social housing resilience. 
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5.6 Summary 

This chapter has analysed the heating practices of inhabitants and found that majority of the 

inhabitants within this social housing case study do discuss them with each other. There is a 

ǎƛƎƴƛŦƛŎŀƴǘ ƎŀǇ ōŜǘǿŜŜƴ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ Ƙƻǿ ǿŜƭƭ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ Ŏŀƴ 

understand and use the heating equipment and the actual understanding of inhabitants. 

According to the findings, in this selected case study, the inhabitants who are over 70 still 

have hard time understanding their heating equipment, even though the design team think 

that these systems are the norm in the UK and everyone knows how to use them.  

This chapter also highlighted the influence of external factors, like Covid-19 and the energy 

ŎǊƛǎƛǎΣ ƻƴ ƛƴƘŀōƛǘŀƴǘǎΩ ƘŜŀǘƛƴƎ ǇǊŀŎǘƛŎŜǎ ƛƴ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎΦ Lǘ Ƙŀǎ ōŜŜƴ ƻōǎŜǊǾŜŘ ǘƘŀǘ ŜŦŦŜŎǘƛǾŜ 

insulation reduces the dependence on the heating system. Although thermostatic radiator 

valves are commonly used and understood by the inhabitants, the responsibility for 

adjusting them often falls to the inhabitant who spends the most time at home. Failures in 

heating systems or a lack of understanding of their controls has led some inhabitants to seek 

alternative solutions, indicating a strong need for reliable and easy-to-use heating systems to 

maintain household resilience. These findings highlight the necessity for adaptable 

technologies, understandable heating controls, and enhanced inhabitant engagement to 

support the long-term resilience objectives of social housing.  
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CHAPTER 6. VENTILATION PRACTICES in the SOCIAL HOUSING CASE 
STUDY 

6.1 Introduction 

This chapter presents the analysis and findings of the semi-structured interview and usability 

ǎǳǊǾŜȅ Řŀǘŀ ŀōƻǳǘ ƛƴƘŀōƛǘŀƴǘǎΩ ǾŜƴǘƛƭŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎ ŀƴŘ ŜȄǇƭƻǊŜǎ Ƙƻǿ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ 

discuss their ventilation practices in terms of resilience. This study examines the ventilation 

practices from two different perspectives: those of the inhabitants and the design team. 

LƴƘŀōƛǘŀƴǘǎΩ ǾŜƴǘƛƭŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎ ŀǊŜ ŎǊƛǘƛŎŀƭƭȅ ŀƴŀƭȅǎŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ƪŜȅ ǊŜǎƛƭƛŜƴŎŜ ŘǊƛǾŜǊǎ 

and Gram-IŀƴǎǎŜƴΩǎ όнлмлύ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ŜƭŜƳŜƴǘǎ όǎŜŜ ¢ŀōƭŜ пΦтύΦ ¢Ƙƛǎ ƛǎ ŀ ǎǘŜǇ ǘƻǿŀǊŘǎ 

achieving Objectives 2, 3 and 4 of this thesis in relation to understanding the underlying 

ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǾŜƴǘƛƭŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎ ƛƴ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅΣ ŀǎ ǿŜƭƭ ŀǎ ƛŘŜƴǘƛŦȅƛƴƎ ƪŜȅ 

insights for resilient social housing. 

6.2 Ventilation Practices in Relation to Resilience and Social Change  

¢ƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǊŜǎƛƭƛŜƴŎŜ ƛǎ ƳǳƭǘƛŦŀŎŜǘŜŘΣ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ŎƭƛƳŀǘŜ-resilient 

homes, lifetime homes, and homes that are adaptable in the face of social change. These 

aspects inform their approach to designing social housing that remains resilient over time. 

6.2.1 Climate Change and Housing Resilience 

The design team prioritise climate-resilient homes that are affordable, produce lower CO2 

emissions, and can mitigate overheating (e.g., having cross-ventilation and removing excess 

heat according to HM Government (2021a)). For example, D1 noted: 

άIƻǿ ǿƻǳƭŘ ȅƻǳ ŘŜŦƛƴŜ ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ Ƙƻǿ Řƻ you see that can be integrated into the 

ōǳƛƭŘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘΚέ όaT, researcher)  

ά!ƴŘ ȅƻǳ ƳŜŀƴ ǊŜǎƛƭƛŜƴŎŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΚέ όD1, project director) 

ά¸ŜŀƘ, ƳƻǊŜ ƎŜƴŜǊŀƭƭȅΦ [ƛƪŜ ǿƘŀǘ ŎƻƳŜǎ ǘƻ ȅƻǳǊ ƳƛƴŘ ǿƘŜƴ ǿŜ ǎŀȅ ǊŜǎƛƭƛŜƴŎŜΚέ όa¢ύ  

άThe first thing that would come into my mind would be climate change. So, I would 

think what standards we are hitting first time, in particular, in terms of fabric and 
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both the low energy bills and the overheating, you know, what are we allowing for.έ 

(D1) 

As can be seen ŦǊƻƳ 5мΩǎ ǎǘŀǘŜƳŜƴǘΣ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŦƛǊǎǘ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ǘƘŀǘ 

comes to mind when the design team are asked about the resilience of the home. The 

design team also mentioned that their priorities when building a resilient home are to lower 

energy bills and mitigate overheating. Another design team member said: 

άL ǘƘƛƴƪ ǘƘŀǘ ƪƛƴŘ ƻŦ ƻǘƘŜǊ ŀǎǇŜŎǘǎ ƻŦ ǊŜǎƛƭƛŜƴŎŜΣ ŀǎƛŘŜ ŦǊƻƳ Ƨǳǎǘ ǘƘŜ ƪƛƴŘ ƻŦ ǇŜǊǎƻƴ 

living in that property, it is climate resilience. So, you know, building a home that is 

going to be sustainable, it is going to be affordable to run, it is going to reduce CO2 

emissions. And I think that is incredibly important. I think some of us can be 

ŎƻƳŦƻǊǘŀōƭŜ ǘƻ ƭƛǾŜ ƛƴ ŀ ƘƻƳŜ ǘƘŀǘ ƛǎ ƴƻǘ ƎƻƛƴƎ ǘƻ ŘŀƳŀƎŜ ǘƘŜ ŎƭƛƳŀǘŜΦέ όD2, project 

coordinator) 

.ƻǘƘ 5м ŀƴŘ 5н ƘƛƎƘƭƛƎƘǘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ŀǇǇǊƻŀŎƘ ǘƻ 

resilient housing, emphasising energy efficiency and indoor thermal comfort as the core 

ŀǎǇŜŎǘǎ ƻŦ ǘƘŜƛǊ ŘŜǎƛƎƴ ƛƴǘŜƴǘƛƻƴǎΦ ¢ƘŜƛǊ ŀǇǇǊƻŀŎƘ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ {ƘŜŦŦƛŜƭŘ /ƛǘȅ /ƻǳƴŎƛƭΩǎ ŀƛƳ 

to reduce the heating costs and provide energy-efficient homes, particularly for low-income 

households in social housing, by 2030 (Sheffield City Council, 2024). 

6.2.2 Building Lifetime Homes and Adaptability 

Another significant theme is the concept of lifetime homes ς homes that remain suitable for 

inhabitants despite changes in their social circumstances ς as the design team mentioned. 

For example, D2 noted: 

άIƻǿ ǿƻǳƭŘ ȅƻǳ ŘŜŦƛƴŜ ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ Ƙƻǿ ǘƘŀǘ Ŏŀƴ ōŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ōǳƛƭŘƛƴƎ 

ŜƴǾƛǊƻƴƳŜƴǘΚέ όa¢Σ researcher)  

άL ƳŜŀƴΣ L ǘƘƛƴƪ ŦƻǊ ƳŜΣ ǊŜǎƛƭƛŜƴŎŜ ƛǎ ōǳƛƭŘƛƴƎ ŀ ƘƻƳŜ ǘƘŀǘ ǇŜƻǇƭŜ Ŏŀƴ ǎǘŀȅ in for as 

long as they want. And, you know, being that, you know, having children in that 

home, getting older in that home, changing jobs in that home, and changing how you 

work in that home, you know, possibly having less health concerns, being able to 

ώƘŀǾŜϐ ŀŘŀǇǘƛƴƎ ŀōƛƭƛǘȅΦέ (D2, project coordinator) 
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The design team said that changing social circumstances include inhabitants ageing, families 

expanding, and work arrangements changing. In Section 5.2.4, D2 noted that the design 

team began to consider these social changes when the number of inhabitants working from 

home increased, particularly after Covid-19. As a result, these considerations highlight the 

significance of long-term usability and adaptability in their design intentions. However, 

although the design team are integrating adaptability into newer developments, the case 

study used in this thesis was built before the pandemic. Therefore, the original design 

decisions did not fully anticipate the effects of unforeseen social changes (e.g., an increase in 

time spent in the home), emphasising the challenge of designing resilient homes amid 

unpredictable disruptions (e.g., the Covid-19 pandemic). To give an example, when asked 

about the backup systems to maintain the performance of the home, D3 noted:  

ά²ŜƭƭΣ L ƳŜŀƴΣ ώΧϐ ŀ ƭƻǘ ƻŦ ǘƘŜ ƻǘƘŜǊ ǇǊƻƧŜŎǘǎ ǿŜ ŀǊŜ ǿƻǊƪƛƴƎ ƻƴ ƘŀǾŜ ƳǳŎƘ ƳƻǊŜ 

advanced, sustainable and green credentials at the moment. We are building to 

passive house standards and every house has a battery in it, which is downloading 

electricity from the grid. But also from PV, which people can use within their own 

homes so they can get cheap electricity using them in their own homes. So, I suppose 

in some ways that is a sort of backup system to the house. But in this particular case, 

I mean, with the constraints of that site and the amount of substructure and retaining 

walls and also the fact that we were building housing with quite [a] large perimeter 

[and] the budget just was so low, just really difficult to [do]έ όD3, architect)   

This example shows that the design team anticipate the effects of unforeseen social changes 

in their current projects. They are working on designing homes with backup systems that can 

help inhabitants who are older or have health concerns to continue their usual routines 

during a disruption. However, in this case study, due to the low budget of the housing 

association, these unpredictable social changes were not considered in the design.  

6.2.3 Breaking Ingrained Habits and Inhabitant Engagement 

Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ŀŘŀǇǘŀǘƛƻƴ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ƭŜŀǊƴ ŀƴŘ ŀŘƧǳǎǘ ǘƘŜƛǊ 

practices to overcome the effects of social changes (see Section 2.4.2). Consequently, this 

ǊŀƛǎŜǎ ǘƘŜ ǉǳŜǎǘƛƻƴ ƻŦ ǿƘŜǘƘŜǊ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ƛƴǘŜƴŘŜŘ ŘŜǎƛƎƴ ƛǎ ŀŎŎŜǎǎƛōƭŜ ǘƻ ǘƘŜ 
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inhabitants and whether they can understand and use the energy-related systems within 

their homes. The design team were asked about this question:  

άIƻǿ Ŝŀǎȅ ƛǎ ƛǘ ŦƻǊ ŀƴ ƻŎŎǳǇŀƴǘ ǘƻ ƳŜŜǘ ŀ ǇŀǊǘƛŎǳƭŀǊ ƴŜŜŘ ǳǎƛƴƎ ŘƛŦŦŜǊŜƴǘ ŦǳƴŎǘƛƻƴǎ 

relevant to the energy use of the design? For example, is it easy for occupants to use 

ǘƘŜ ŜǉǳƛǇƳŜƴǘ ƛƴ ǘƘŜ ƘƻƳŜǎ ώΧϐΚέ όa¢Σ researcher) 

ά{ƻΣ L ǘƘƛƴƪ ŀǘ ǘƘŜ ƳƻƳŜƴǘ ƛǘ ƛǎΦ .ŜŎŀǳǎŜ ƭŀǊƎŜƭȅ ǿƘŀǘ ǿŜ ƘŀǾŜ ƛƴ Ƴƻǎǘ ƻŦ ƻǳǊ ƘƻƳŜǎ ƛǎ 

kind of a gas combi boiler system, which is kind of the norm in the UK and therefore 

ǇŜƻǇƭŜ ƪƛƴŘ ƻŦ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ƛǘ ǿƻǊƪǎΦ ώΧϐ ǎƻ, I do think that it is something for us 

to consider because these are kind of really ingrained ways of working within the UK 

and introducing a new way of doing it [would mean] that people do not understand 

ƛǘΦ Lǘ ƛǎ Ƨǳǎǘ ŀ ƭŜŀǊƴƛƴƎ ŎǳǊǾŜ ŀƴŘ ƛǘ ƛǎ ƪƛƴŘ ƻŦ ōǊŜŀƪƛƴƎ ǇǊŜǾƛƻǳǎ ƘŀōƛǘǎΦέ (D2, project 

coordinator) 

D2 said that it is easy for inhabitants to meet particular needs using different functions of 

the home related to energy use. They also noted that the inhabitants have ingrained 

ǇǊŀŎǘƛŎŜǎ ƛƴ ǘƘŜ ¦YΣ ŀƴŘ ǿƘŜƴ ǘƘŜȅ ƛƴǘǊƻŘǳŎŜ ŀ ƴŜǿ ǿŀȅ ƻŦ ǇǊŀŎǘƛŎŜΣ ǘƘŜȅ ǾƛŜǿ ƛǘ ŀǎ ΨƧǳǎǘ ŀ 

ƭŜŀǊƴƛƴƎ ŎǳǊǾŜ ŀƴŘ ƛǘ ƛǎ ƪƛƴŘ ƻŦ ōǊŜŀƪƛƴƎ ǇǊŜǾƛƻǳǎ ƘŀōƛǘǎΩΦ ¢Ƙƛǎ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ǘƘŜ ŘŜǎƛƎƴ 

team acknowledge that heating and ventilation systems in this case study align with UK 

norms, implying a certain level of inhabitant familiarity. However, this assumption does not 

ŎƻƴǎƛŘŜǊ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŀŎǘǳŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ƘŜŀǘƛƴƎ ŀƴŘ 

ventilation controls. For example, R15 noted: 

ά!ǊŜ ȅƻǳ ŀǿŀǊŜ ƻŦ ǘƘŜ ǘǊƛŎƪƭŜ ǾŜƴǘǎΣ ƻƴ ǘƻǇ ƻŦ ǘƘŜ ǿƛƴŘƻǿǎΚ ¢ƘŜ ƭƛǘǘƭŜ ƎŀǇǎ ƻƴ ǘƻǇ ƻŦ 

ȅƻǳǊ ǿƛƴŘƻǿΦέ όa¢Σ researcher) 

άhƘΣ ǊƛƎƘǘΦ ¸ŜŀƘΣ ǿŜ ƘŀǾŜ Ǝƻǘ ǘƘŜƳΣ ōǳǘ ƴƻΣ L ƴŜǾŜǊ ǳǎŜ ǘƘŜƳΦέ όwмрΣ ŀƎŜ ол-50, 

female, lives on the first floor) 

άLǎ ƛǘ ōŜŎŀǳǎŜΣ ƛǘ ƛǎ ƴƻǘ ǿƻǊƪƛƴƎ ǿŜƭƭ ƻǊ Řƻ ȅƻǳ ǇǊŜŦŜǊ ƴƻǘ ǘƻ ǳǎŜ ƛǘΚέ όa¢ύ  

ά¢ƻ ōŜ ƘƻƴŜǎǘΣ L ŀƳ ƴƻǘ ǎǳǊŜ Ƙƻǿ ǘƻ ǳǎŜ ƛǘΣ ȅƻǳ ƪƴƻǿΣ ǿƘŀǘ ǘƻ ŘƻΣ ŜǘŎΦ {ƻ, I just do not 

ōƻǘƘŜǊΦέ όwмрύ 
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As noted by R15, some inhabitants struggle with using the trickle vents and some of them 

(three out of 16 households) were not aware of their existence, as is mentioned in Section 

6.3. Similarly, Section 5.4.2 stated that some inhabitants (e.g., R3 and R22) find it difficult to 

understand the heating programmer, despite the design team providing user guides and 

manuals on how to use these controls. Therefore, as indicated in the findings, some 

inhabitants find it difficult to understand and use energy-related controls, which contradicts 

ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ǎǘŀǘŜƳŜƴǘ ƻƴ ǘƘŜ ƴƻǊƳǎΦ 5нΩǎ ǎǘŀǘŜƳŜƴǘ ǘƘŀǘ ƴŜǿ ǇǊŀŎǘƛŎŜǎ ǊŜǉǳƛǊŜ 

ΨōǊŜŀƪƛƴƎ ǇǊŜǾƛƻǳǎ ƘŀōƛǘǎΩ ǎǳƎƎŜǎǘǎ ŀƴ ŀǿŀǊŜƴŜǎǎ ƻŦ ōŜƘŀǾƛƻǳǊŀƭ ŀŘŀǇǘŀǘƛƻƴ ōǳǘ Ŧŀƛƭǎ ǘƻ Ŧǳƭƭȅ 

address the barriers that may prevent inhabitants from successfully adopting these new 

practices.  

6.2.4 Variability in Ventilation Practices and Maintenance Support 

The findings highlight disparities in ventilation practices across different housing typologies 

within the social housing development. One key factor influencing these differences is the 

spatial design of the flats, particularly in relation to how cold air moves through their homes 

during winter. As noted by the architect, D3: 

ά{ƻ ǿŜ Ƙŀd to get quite inventive about the way the houses were planned. So, you 

will notice that when you go into the house, they do not really have an entrance hall 

that leads to a kitchen and then to a living room. In fact, you have to walk through 

ȅƻǳǊ ŘƛƴƛƴƎ ǘƻ ƎŜǘ ǘƻ ȅƻǳǊ ƭƛǾƛƴƎ ǊƻƻƳΦέ όD3, architect)  

The architectural rationale behind this open-plan layout of the homes was emphasised by 

5оΩǎ ǎǘŀǘŜƳŜƴǘ ŀōƻǾŜΣ ǿƘƻ ƴƻǘŜŘ ǘƘŜ ƘƻƳŜǎ Řƻ ƴƻǘ ƘŀǾŜ ŀƴ ŜƴǘǊŀƴŎŜ Ƙŀƭƭ ǘƘŀǘ ƭŜŀŘǎ ǘƻ ǘƘŜ 

main living area. This design choice, while optimising space and creating an open and 

connected environment, inadvertently impacts thermal comfort and ventilation practices, 

particularly in winter. For instance, R4 noted: 

ά¸ƻǳ ƪƴƻǿ, we have a door that leads to the hallway. And then you walk into the 

living room and kitchen, it is open planned, so we do not have any doors to, you know 

close. So it is, I find that especially in winter I mean, we have food delivered. In winter 

ƻōǾƛƻǳǎƭȅ ȅƻǳ ƘŀǾŜ ǘƻ ƻǇŜƴ ǘƘŜ ŘƻƻǊΣ ǎƻ ǘƘŀǘ ƳŀƪŜǎ ŀƭƭ ǘƘŜ Ŧƭŀǘ ŎƻƭŘΦέ όwпΣ ŀƎŜ ƻǾŜǊ тлΣ 

female, lives on the ground floor) 
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wпΩǎ ǎǘŀǘŜƳŜƴǘ ƘƛƎƘƭƛƎƘǘǎ Ƙƻǿ ǘƘŜ ƻǇŜƴ-plan design of their home exacerbates heat loss by 

allowing cold air to enter when the front door is opened. In contrast, the first-floor flat 

entrances are located downstairs (see Figure 6.1), meaning that cold air is trapped below 

and so heat loss in the main living areas is reduced. The findings suggest that ventilation 

strategies must consider not only inhabitant behaviour, but also the spatial design of the 

homes, as certain typologies are inherently more vulnerable to cold air circulation than 

others. 

In the selected social housing case study, the main ventilation system is a mechanical extract 

ventilation (MEV) system, which features trickle ventilators fitted in windows and 

continuously running mechanical extract fans in the kitchen and bathroom, areas considered 

ǘƻ ōŜ ΨǿŜǘ ǊƻƻƳǎΩΦ ¢Ƙƛǎ ǎȅǎǘŜƳ ŀƛƳǎ ǘƻ ǊŜƳƻǾŜ Ƴƻƛǎǘ ŀƛǊ ŀƴŘ ƻŘƻǳǊǎ ƛƴ ǿŜǘ ǊƻƻƳǎ ōȅ 

ǇǊƻǾƛŘƛƴƎ ŀŘŜǉǳŀǘŜ ǾŜƴǘƛƭŀǘƛƻƴ ŀƴŘ ƎƻƻŘ ŀƛǊ ǉǳŀƭƛǘȅ ǿƛǘƘƛƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƘƻƳŜǎΦ 

Furthermore, all internal doors are designed with an undercut of 10mm above the final floor 

finish to allow air transfer between rooms. The ventilation system and its controls are 

illustrated in Figures 6.1 and 6.2, which show cross-ventilation within the flats and the 

extract fans in the wet rooms.  

 

 

 

 

 

 
 

 

  

 

 

Figure 6.1 A section of the social housing case study and the ventilation system in the homes, where 
each floor is for a different flat. This figure is adapted from the documents provided by housing 
association 
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The findings also highlight that ground-floor inhabitants generally rate their ventilation 

control engagements as average, whereas first-floor inhabitants find them more usable (see 

Figure 6.3). For example, R11 noted: 

ά!ǊŜ ȅƻǳ ŀǿŀǊŜ ƻŦ ǘƘŜ ŜȄǘǊŀŎǘ Ŧŀƴǎ ƛƴ ȅƻǳǊ ƪƛǘŎƘŜƴ ŀƴŘ ōŀǘƘǊƻƻƳΚέ όa¢Σ researcher) 

ά²Ŝ ǳǎŜ ǘƘƻǎŜΦ ¸ŜǎΦ 9ȄǘǊŀŎǘƻǊ Ŧŀƴǎ ƛƴ ƪƛǘŎƘŜƴ ŀƴŘ ōŀǘƘǊƻƻƳΦέ όwммΣ ŀƎŜ рм-70, male, 

lives on the ground floor) 

ά5ƻ ȅƻǳ ǘƘƛƴƪ ǘƘŜȅ ǿƻǊƪ ǿŜƭƭΚέ όa¢ύ 

άbƻΦέ όwммύ 

άώΧϐ Lƴ ǘƘŜ ōŀǘƘǊƻƻƳΣ ǿƘŜƴ ȅƻǳ ǎƘƻǿŜǊΣ Řƻ ȅƻǳ ƻǇŜƴ ǘƘŜ ǿƛƴŘƻǿǎΚέ όa¢ύ  

ά²Ŝ ƘŀǾŜ ƴƻ ǿƛƴŘƻǿǎ ƛƴ ōŀǘƘǊƻƻƳΦ {ƻ, ǿŜ ƘŀǾŜ ǘƻ ǳǎŜ ǘƘŜ ŜȄǘǊŀŎǘƻǊ ŦŀƴΦέ (R11) 

Figure 6.2 A section of the selected social housing case study, showing the 
ventilation system in the homes. This figure is adapted from the documents 
provided by the housing association 
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R11 highlighted that they have to rely on the extract fan due to the absence of windows in 

their bathroom. Even though they depend on the extract fans for ǾŜƴǘƛƭŀǘƛƻƴΣ wммΩǎ 

observation that the extract fans in the kitchen and bathroom do not function effectively is 

consistent with the results from the usability survey (see Figure 6.3). This indicates that 

design elements, such as airflow patterns and access to ventilation controls, may require 

further refinement. 

 

 

 

 

 

 

 

 

 

A notable issue is the limited awareness among inhabitants regarding the maintenance of 

ventilation controls. According to the usability survey, illustrated in Figure 6.4, 42% of 

inhabitants are unaware of the need for ventilation control maintenance. Consequently, 

these inhabitants must rely on the social housing association for maintenance instead of 

attempting to resolve issues themselves. Alternatively, inhabitants may use alternative 

ventilation equipment to ensure their homes remain ventilated, as explained in the 

interview with R1: 

άDo you think there is any other way [equipment] that you can use as an alternative 

ǘƻ ǿƛƴŘƻǿǎ ƻǘƘŜǊ ǘƘŀƴ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎ ώŀǎ wм ƳŜƴǘƛƻƴŜŘ ōŜŦƻǊŜϐΚέ όa¢Σ researcher) 

Figure 6.3 The mean rating of the ventilation controls in relation to 
ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŜǎŜƴŎŜ ŀǘ ƘƻƳŜ ŀƴŘ ŦƭƻƻǊ ƭƻŎŀǘƛƻƴ 
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άNo, just an air conditioner. So, when it is hot and it is really, really uncomfortable, 

ǘƘŜ ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊ ƛǎ ƻǇŜƴ ŀƭƭ Řŀȅ ŀƴŘ ŀƭƭ ƴƛƎƘǘΦ L Ŏŀƴƴƻǘ ǎǘŀƴŘ ǿƘŜƴ ƛǘ ƛǎ ŎƭƻǎŜŘΦέ όwмΣ 

age 51-70, female, lives on the ground floor) 

Additionally, the design team mentioned they provide maintenance support through 

neighbourhood officers. D2 said: 

ά²Ŝ Řƻ ƘŀǾŜ ƴŜƛƎƘōƻǳǊƘƻƻŘ ƻŦŦƛŎŜǊǎ ǿƘƻ ŀǊŜ ƪƛƴŘ ƻŦ ƻǳǊ ōǊƛŘƎŜ, [who] may come, I 

suppose, [to] inform people what support is available. Also, you know, possibly do 

this bridging, kind of, come in and say, look, I found this person that [is] really 

struggling with X, Y, Z, what can you do to help them? So now we have, kind of, got 

ǘƘƻǎŜ ǘǿƻ ƳŜŎƘŀƴƛǎƳǎΦέ  όD2, project coordinator)  

D2 explained that they have neighbourhood officers who communicate with the inhabitants 

and guide them if they have any problems. These neighbourhood officers are assigned to 

each housing development by the social housing association and they make regular visits to 

the households to see if they have any problems with their homes or community-related 

issues. Despite these neighbourhood officer visits, there are some households who do not 

get support for their maintenance issues from the housing association. For example, R24 

noted: 

άL ƳŜŀƴΣ ǿƘŜƴ ǿŜ ŦƛǊǎǘ ƳƻǾŜŘ ƛƴΣ ŜǾŜǊȅōƻŘȅ has got a lot of problems with the 

boilers. And when we first stayed in, I phoned the housing association to get it going. 

I do not think they even know. They were trying to tell me over the phone how to do it 

when I am not messing about with the boiler. So, you best get someone here to get it 

sorted ƻǳǘΦ ώΧϐ !ƴŘ ǿŜ ŜƴŘŜŘ ǳǇ ŀŎǘǳŀƭƭȅ ƎŜǘǘƛƴƎ ǘƘŜ ǇŜƻǇƭŜ ǿƘƻ ƳŀŘŜ ǘƘŜ ōƻƛƭŜǊ ǘƻ 

come and sort it out. Because the housing association could not work it out. And 

ŜǾŜǊȅ ǘƛƳŜ ǘƘŜȅ ǎŜǊǾƛŎŜ ƛǘ ǎƻƳŜǘƘƛƴƎ ƎƻŜǎ ǿǊƻƴƎΦέ όwнп, age 51-70, female, lives on 

the ground floor) 

The statements from R1 and R24 show that the inhabitants require assistance from the 

social housing association if the heating or ventilation controls encounter issues. If the 

housing association is unable to resolve these issues, the inhabitants need alternative 

equipment to continue their energy-related practices. Additionally, while the design team 
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provide maintenance support through neighbourhood officers, some inhabitants still require 

assistance and provide themselves alternatives just in case. This gap in support systems 

highlights the need for more effective engagement strategies to ensure all inhabitants can 

effectively use and maintain their energy-related systems. 

 

 

 

 

 

 

 

¢ƻ ǎǳƳƳŀǊƛǎŜΣ {ŜŎǘƛƻƴ сΦн ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ŘŜŘƛŎŀǘƛƻƴ ǘƻ ǊŜǎƛƭƛŜƴŎŜΣ ǿƛǘƘ ǘƘŜƛǊ 

strong commitment to considering climate change, adaptability and long-term usability. 

Their emphasis on lifetime homes and responsiveness to social changes indicates a growing 

understanding of resilience in housing design. However, challenges remain, particularly in 

the areas of inhabitant engagement, maintenance accessibility and anticipation of future 

societal changes. 

6.3 Window Use Practices 

In this social housing case study, the window-use practices are examined in well-insulated 

homes that have double-glazing windows with trickle vents above each window (see Figure 

6.5). The findings reveal diverse window-use practices that are influenced by seasonal 

factors, household dynamics, individual health needs and knowledge of the ventilation 

system. 

 

 

Figure 6.4 tƛŜ ŘƛŀƎǊŀƳ ǎƘƻǿƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ ŀǿŀǊŜƴŜǎǎ 
of ventilation control maintenance procedures 
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6.3.1 Seasonal Factors That Influence Window Use 

The majority of inhabitants reported a habitual practice of opening windows in the living 

room and bedroom in the morning to let the fresh air circulate. For example, R6 noted: 

άL ŀƭǿŀȅǎ ƻǇŜƴ Ƴȅ ǿƛƴŘƻǿǎ ǘƻ ƭŜǘ ŦǊŜǎƘ ŀƛǊ ƛƴΦ 9ǾŜƴ ǘƻŘŀȅ L ƘŀǾŜ ƭŜŦǘ ǘƘŜƳ ƻƴ ǘƘŜ ƭŀǘŎƘ 

to let some air in, because I think it is a sunny day and I think it is important to have 

ǎƻƳŜ ŦǊŜǎƘ ŀƛǊΦ L ƘŀǾŜ Ǝƻǘ ǘǿƻ ŎŀǘǎΣ ŀƴŘ L ǘƘƛƴƪ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǘƘŜƳ ǘƻƻΦέ όwсΣ ŀƎŜ 

51-70, female, lives on the first floor) 

During winter, this practice is often limited to a few hours to minimise exposure to cold air. 

The interview with R18 took place on a wet day, which affected her routine: 

άL ƧǳǎǘΣ L ƻƴƭȅ ƻǇŜƴ Ƴȅ ōŜŘǊƻƻƳ ǿƛƴŘƻǿ ƛƴ ǿƛƴǘŜǊΦ ²ƘŜƴ L ƎŜǘ ǳǇ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎΣ L 

open the window for a couple of hours and then I shut it. But at this weather [rainy], 

ƴƻ ǿŀȅΦ L Řƻ ƴƻǘ ƻǇŜƴ ǘƘŜ ǿƛƴŘƻǿǎΦέ όwмуΣ ŀƎŜ рм-70, female, lives on the first floor) 

R18 mentioned that she does not open the windows during wet weather, and only opens 

her bedroom window in the morning during winter. In contrast, during the summer, 

(b) (a) 

Figure 6.5 Ventilation controls in the social housing: (a) the double-glazing windows in one 
of the homes; (b) the trickle vents on top of the window in one of the homes 



 126 

particularly during heatwaves, some inhabitants said that they keep their windows open. For 

example, R15 noted: 

άIƻǿ ƻŦǘŜƴ ŀǊŜ ȅƻǳ ƻǇŜƴƛƴƎ ȅƻǳǊ ǿƛƴŘƻǿǎ ƛƴ ǎǳƳƳŜǊΚέ όa¢Σ researcher)  

ά̧ ŜŀƘΣ ǇǊƻōŀōƭȅ ƛŦ ǿŜ ƘŀǾŜ Ǝƻǘ ŀ ƘŜŀǘǿŀǾŜΣ ŜǾŜǊȅ Řŀȅ ŀŎǘǳŀƭƭȅΦέ όwмрΣ ŀƎŜ ол-50, 

female, lives on the first floor) 

However, according to the UK Health Security Agency (2024), during a heatwave all windows 

must be closed in buildings, unless the outside temperature is cooler than the indoor 

temperature. As pointed out by Mavrogianni et al. (2015), owing the increased number of 

heatwaves affecting the UK and the high temperatures that might happen in the future 

because of climate change, combined strategies to reduce overheating risks and increase air 

quality in homes must be developed. Thus, keeping windows open all the time in summer 

Ƴŀȅ ŎŀǳǎŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƘƻƳŜǎ ǘƻ ƻǾŜǊƘŜŀǘΤ ǘƘŜǊŜŦƻǊŜΣ ƛƴƘŀōƛǘŀƴǘǎΩ ǿƛƴŘƻǿ-use practices and 

their usual habits might affect both their home and health if they do not know about these 

effects. 

For some inhabitants, health concerns require more regular use of windows. For instance, 

R1 noted: 

άLƴ ǘƘŜ ŀǳǘǳƳƴ ǘƛƳŜΣ ǿŜ ǘǊȅ ǘƻ ƪŜŜǇ ǘƘŜ ōŀƭŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƘŜŀǘŜǊ [heating] and 

ventilation. I have circulation problems on [in] my legs, so even in winter I get really 

ƘƻǘΦ {ƻ ŜǾŜƴ ƛƴ ǿƛƴǘŜǊ ǿŜ ƻǇŜƴ ǘƘŜ ǿƛƴŘƻǿǎΦέ όwмΣ ŀƎŜ рм-70, female, lives on the 

ground floor) 

wмΩǎ ǎǘŀǘŜƳŜƴǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ŜƭŘŜǊƭȅ ƛƴƘŀōƛǘŀƴǘǎ ƻǊ ǘƘƻǎŜ ǿƛǘƘ ǎǇŜŎƛŦƛŎ ƘŜŀƭǘƘ ŎƻƴŘƛǘƛƻƴǎ 

require adequate air circulation in their homes; therefore, they open their windows more 

frequently, even during colder months. This correlates with a study on public housing in the 

USA by Tsoulou et al. όнлноύ ǘƘŀǘ ƳŜƴǘƛƻƴǎ ǘƘŀǘ ƛƴƘŀōƛǘŀƴǘǎΩ ǿƛƴŘƻǿ ƻǇŜƴƛƴƎ ǇǊŀŎǘƛŎŜǎ 

depend on different factors, such as income, age and health.  
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6.3.2 Discussions Among Inhabitants Regarding Window Use Practices 

The use of windows is predominantly an individual practice within households, with minimal 

discussion or engagement among inhabitants, as illustrated by Figure 6.6 from the usability 

survey. For example, R11 remarked: 

ά!ǎ ŀ ƘƻǳǎŜƘƻƭŘΣ Řƻ ȅƻǳ ŘƛǎŎǳǎǎ ǿƛǘƘ ȅƻǳǊ ǿƛŦŜΣ ǿƘŜƴ ȅƻǳ ƴŜŜŘ ǘƻ ǳǎŜ ǾŜƴǘƛƭŀǘƛƻƴ ƛƴ 

ȅƻǳǊ ƘƻƳŜΚέ όa¢Σ researcher) 

άLŦ ǿŜ ƴŜŜŘ ǾŜƴǘƛƭŀǘƛƻƴΣ ŀƴŘ ǿŜ ƴŜŜŘ ǘƘŜ ǿƛƴŘƻǿǎ ƻǇŜƴΣ ǿŜ ƻǇŜƴ ǘƘŜƳΦ ²Ŝ Řƻ ƴƻǘ 

ŘƛǎŎǳǎǎ ƛǘΣ ƛŦ ƻƴŜ ǇŜǊǎƻƴ ǿŀƴǘǎ ƛǘ ƻǇŜƴΣ ǘƘŜȅ Ǝƻ ŀƴŘ ƻǇŜƴ ƛǘΦέ όwммΣ ŀƎŜ рм-70, male, 

lives on the ground floor) 

According to these findings, half of the inhabitants (11 out of 22 inhabitants with at least 

two people in their household) do not discuss using windows within their household (see 

Figure 6.6). If one household member wants to use a window, they do it without having a 

discussion. Additionally, most of the inhabitants (nearly 60%) do not take charge of the 

windows and everybody does their own thing when they need to use them (see Figure 6.7). 

Inhabitants do take charge when one household member needs more air circulation within 

the home. For example, R23 noted: 

ά5ƻ ȅƻǳ ŘƛǎŎǳǎǎ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ ǿƘŜƴ ȅƻǳ ŘŜŎƛŘŜ ǳǎƛƴƎ ǘƘŜ ǾŜƴǘƛƭŀǘƛƻƴ ǎȅǎǘŜƳǎ ƛƴ 

ȅƻǳǊ ƘƻƳŜΣ ƻǊ ŘƻŜǎ ŜǾŜǊȅōƻŘȅ Řƻ ǘƘŜƛǊ ƻǿƴ ǘƘƛƴƎΚέ όa¢Σ researcher)  

ά²Ŝ Řƻ ƴƻǘ ŘƛǎŎǳǎǎΣ ōǳǘ L ŘƻΣ L ǘŀƪŜ ŎƘŀǊƎŜΦ ²Ŝ ƘŀǾŜ ǘƘŜ ōŜŘǊƻƻƳ ǿƛƴŘƻǿ ƻǇŜƴ ŀƭƭ 

night and usually all day. Unless we go out, then we close them. But I cannot sleep. I 

Ŏŀƴƴƻǘ ǎƭŜŜǇ ǳƴƭŜǎǎ ǘƘŜǊŜ ƛǎ ŀ ōƛǘ ƻŦ ŀƛǊΦέ όwноΣ ŀƎŜ рм-70, male, lives on the ground 

floor) 

The other situation where the inhabitants take charge of the windows was highlighted by 

R25: 

άDoes anyone take charge of dealing with the ventilation controls?έ όa¢Σ researcher) 
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άEveryone is in charge of the ventilation controls. Well, my kids do not touch the 

ventilation. It is difficult for them to use if it is windy, so it is just grown-ups [who] use 

them.έ όwнрΣ ŀƎŜ ол-50, female, lives in the semi-detached house)  

wнрΩǎ ǎǘŀǘŜƳŜƴǘ ŜƳǇƘŀǎƛǎŜǎ ǘƘŀǘ ǘƘŜ ŀŘǳƭǘǎ ǇǊŜǾŜƴǘ ŎƘƛƭŘǊŜƴ ŦǊƻƳ ǳǎƛƴƎ ǘƘŜ ǿƛƴŘƻǿǎ 

because of the potential danger during windy weather. Different socio-demographic factors 

in households, such as the presence of children or older inhabitants, influence the window 

usage practices. Nevertheless, families with children need further examination, as this thesis 

includes only one family with children aged under 18, which is insufficient for drawing 

broader conclusions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examining Figure 6.7, it appears that the inhabitants responsible for the windows are 

primarily those who spend most of their time at home. This may be due to their increased 

use of the windows compared to others who are out during the day. For example: 

ά5ƻ ȅƻǳ ŘƛǎŎǳǎǎ ǿƛǘƘ ȅƻǳǊ ƘƻǳǎŜƘƻƭŘ ƳŜƳōŜǊǎ ǿƘŜƴ ȅƻǳ ƴŜŜŘ ǘƻ ǳǎŜ ǘƘŜ ǾŜƴǘƛƭŀǘƛƻƴ 

ŎƻƴǘǊƻƭǎ ƛƴ ȅƻǳǊ ƘƻƳŜΚέ όa¢Σ researcher)  

άbƻΣ L Řƻ ƴƻǘ ŘƛǎŎǳǎǎΦ Wǳǎǘ ōŜŦƻǊŜ ƻǳǊ ƛƴǘŜǊǾƛŜǿΣ L ǿŀǎ ƎƻƛƴƎ ǘƻ ƻǇŜƴ ǳǇ ǘƘŜ ǿƛƴŘƻǿǎΦ 

aȅ ƘǳǎōŀƴŘ ƛǎ ŀǘ ǿƻǊƪ ƴƻǿΣ ǎƻ ƘŜ ŘƻŜǎ ƴƻǘ ƪƴƻǿ ŀōƻǳǘ ƛǘΦ ²Ŝ Ƨǳǎǘ Řƻ ƻǳǊ ƻǿƴ ǘƘƛƴƎΦέ 

(R25, age 30-50, female, lives in the semi-detached house)  

Figure 6.6 The percentage of inhabitants who discuss within 
their households when using windows 
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Thus, we can observe that the time spent in the home influences how inhabitants engage 

with their window usage, a point supported by Tsoulou et al. (2020), who suggest that both 

indoor air quality and window opening habits are shaped by the pattern of being at home.  

 

 

 

 

 

 

 

 

 

 

 

The key point to highlight from this analysis is that window use practices are highly 

individualistic and influenced by individual needs rather than collective decision-making 

within households. This indicates that air circulation within the household is regarded as a 

matter of personal, immediate concern, not requiring discussion or coordination with 

others. The absence of discussion or engagement about window usage may also reflect an 

implicit understanding among household members that each individual will manage their 

own comfort independently. However, there are situations where consideration of another 

ƛƴƘŀōƛǘŀƴǘΩǎ ǎŜƴǎƛǘƛǾƛǘȅ ǘƻ ǘƘŜ ƛƴŘƻƻǊ ǘŜƳǇŜǊŀǘǳǊŜ ƻǊ ǎǇŜŎƛŦƛŎ ŀƛǊ ŎƛǊŎǳƭŀǘƛƻƴ ƴŜŜŘǎ ǘŀƪŜǎ 

ǇǊŜŎŜŘŜƴŎŜ ƻǾŜǊ ǘƘƛǎ ƛƴŘƛǾƛŘǳŀƭƛǎǘƛŎ ŀǇǇǊƻŀŎƘΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ŀ ŘȅƴŀƳƛŎ ǿƘŜǊŜ ƛƴƘŀōƛǘŀƴǘǎΩ 

energy-related practices are driven by both individual preferences and occasional 

responsiveness to the needs of more vulnerable inhabitants in the household. 

Figure 6.7 The percentage of inhabitants who take charge of using 
the windows in relation to their presence at home 
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6.3.3 Understanding and Usage of Trickle Vents 

The windows in the homes have trickle vents (see Figure 6.5(b)), which contribute to 

continuous ventilation if they are open. One of the key findings from the analysis in relation 

to trickle vents is that some inhabitants keep them open throughout the day, particularly in 

summer. For example, R17 noted: 

άAre you aware of the trickle vents on top of ȅƻǳǊ ǿƛƴŘƻǿǎΚέ (MT, researcher) 

ά¸ŜǎΣ ǘƘŜ ǘǊƛŎƪƭŜ ǾŜƴǘǎ ƻƴ ŀƭƭ ǘƘŜ ǿƛƴŘƻǿǎΦέ όwмтΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ 

ground floor) 

ά5ƻ ȅƻǳ ŀƭǎƻ ǳǎŜ ǘƘŜƳΚέ όa¢ύ 

ά¸ŜǎΦ Lƴ ǎǳƳƳŜǊ L ƭŜŀǾŜ ǘƘŜ ǘǊƛŎƪƭŜ ǾŜƴǘǎ ƻǇŜƴ ŀƭƭ ǘƘŜ ǘƛƳŜ Řŀȅ ŀƴŘ ƴƛƎƘǘ ǿƘŜƴ ƛǘ ƛǎ 

ǿŀǊƳ ǘƻ ƭŜǘ ǘƘŜ ŦǊŜǎƘ ŀƛǊ ƛƴΦέ όwмтύ 

By leaving the trickle vents open, households benefit from continuous air circulation 

throughout the day. Additionally, the inhabitants who are aware of the trickle vents use 

them in winter, particularly when avoiding opening the windows. For instance, R7 

mentioned: 

άL ƳŜŀƴΣ ƛƴ ǿƛƴǘŜǊΣ ǿŜ ŎƭƻǎŜ ǘƘŜ ǿƛƴŘƻǿǎ ŀƴŘ ǿŜ Ƨǳǎǘ ƘŀǾŜ ƭƛǘǘƭŜ ǾŜƴǘƛƭŀǘƛƻƴ ǎǘǊƛǇǎ 

[trickle vents] on top of windows, so we just pop that open to get some fresh air into 

ǘƘŜ ǇǊƻǇŜǊǘȅΣ ǊŀǘƘŜǊ ǘƘŀƴ Ƨǳǎǘ ǘƻǘŀƭƭȅ ǊŜƭȅ ǳǇƻƴ ƻƴ ǎŜŀƭƛƴƎ ŀƭƭ ǘƘŜ ŀƛǊ ƛƴΦ ώΧϐ {ƻ ǿŜ 

ŀƭǿŀȅǎ ǳǎŜ ǘƘŀǘΦ ²Ŝ ŀƭǿŀȅǎ ƘŀǾŜ ŀ ƭƛǘǘƭŜ ōƛǘ ƻŦ ǾŜƴǘƛƭŀǘƛƻƴΦέ όwтΣ ŀƎŜ рм-70, male, lives 

on the first floor) 

A significant outcome of this finding is that being aware of and properly using trickle vents 

significantly contribute to maintaining indoor air quality and comfort, especially during 

winter, without opening the windows. Inhabitants who effectively understand and use these 

vents benefit from continuous ventilation, which balances air circulation while minimising 

exposure to outdoor conditions such as cold air. 
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However, some of the inhabitants are unaware of the trickle vents. While the home user 

guide includes information about their usage, some inhabitants either do not read it or 

struggle to understand it. For example, R4 noted: 

άThere is one extract fan in bathroom. But we do not use them. Because we have 

[the] window open.έ όwпΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ ƎǊƻǳƴŘ ŦƭƻƻǊύ 

άDoes your bathroom have the window with trickle vents?έ όa¢Σ researcher)  

άNo, it does not.έ όwпύ 

 
wпΩǎ ǎǘŀǘŜƳŜƴǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ǎƘŜ ǳǎŜǎ ǘƘŜ ǿƛƴŘƻǿ ƛƴ ǘƘŜ ōŀǘƘǊƻƻƳ ŀƴŘ ƛǎ ƴƻǘ ŀǿŀǊŜ ƻŦ ǘƘŜ 

trickle vent and its function to help the air flow in the room. In Section 6.2.3, R15 said that 

despite being aware of the trickle vent, she does not use it due to a lack of understanding. 

This is aligned with what D1 from the design team mentioned in her interview (see Section 

5.2.2): the home user guide has all the information, but the most important aspect is for the 

inhabitants to read, understand and then follow it. This underscores the importance of clear 

communication and guidance to ensure that inhabitants not only access but also implement 

such knowledge. 

 
6.3.4 Differences Between Design Intentions and Window Use Practices 

A notable observation from the analysis is the difference between the design team 

ƳŜƳōŜǊΩǎ ǎǘŀǘŜƳŜƴǘ ƻƴ ǿƛƴŘƻǿ ǳǎŜ Ƙŀōƛǘǎ ŀƴŘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŀŎǘǳŀƭ ǇǊŀŎǘƛŎŜǎΦ CƻǊ 

instance, D2 noted: 

άL ƳŜŀƴΣ L ǎǳǇǇƻǎŜ obviously there are instances by people using [heating and 

ventilation controls] differently. You know, sometimes we have come across 

properties that people have the windows open and the radiators on at the same 

time. But I think, in general, there is a pretty good understanding [of] how to use 

ǘƘƻǎŜ ƳƻǊŜ ƪƛƴŘ ƻŦ ǎǘŀƴŘŀǊŘ ōƛǘǎ ƻŦ ǘŜŎƘƴƻƭƻƎȅΦέ όD2, project coordinator) 
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CǊƻƳ 5нΩǎ ǎǘŀǘŜƳŜƴǘΣ ǿŜ ǳƴŘŜǊǎǘŀƴŘ ǘƘŀǘ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳ ǊŀƛǎŜŘ ŎƻƴŎŜǊƴǎ ǊŜƎŀǊŘƛƴƎ 

instances of simultaneous window openings and radiator usage, which they consider as 

inefficient. In contrast, most of the inhabitants in this case study mentioned that using both 

the windows and radiators at the same time is not sensible and would increase their energy 

bills. This is evidenced in the statement of R6: 

ά²ƘŜƴ L ƻǇŜƴ ǘƘŜ ǿƛƴŘƻǿǎΣ L Řƻ ƴƻǘ ǎǿƛǘŎƘ ǘƘŜ ǊŀŘƛŀǘƻǊ ƻƴΦ hƴŎŜ L ƘŀǾŜ ŎƭƻǎŜŘ ǘƘŜ 

windows then I switch the radiators on. You know it is not really sensible to have 

them on at the same time because then the hot air will escape. So, I air the room, and 

ǘƘŜƴ L ǎǿƛǘŎƘ ǘƘŜ ǊŀŘƛŀǘƻǊǎ ƻƴΦέ όwсΣ ŀƎŜ рм-70, female, lives on the first floor) 

A similar understanding was also highlighted by R25: 

ά5ƻ ŎƘŀƴƎŜǎ ƛƴ ȅƻǳǊ ǿƛƴŘƻǿ ǳǎŀƎŜ ŀŦŦŜŎǘ ȅƻǳǊ ǊŀŘƛŀǘƻǊ ǳǎŀƎŜ ƛƴ ǿƛƴǘŜǊΚέ όa¢Σ 

researcher) 

άbƻΦ LŦ ǿŜ ƻǇŜƴ ǘƘŜ ǿƛƴŘƻǿǎΣ L ƘŀǾŜ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŜ ǊŀŘƛŀǘƻǊǎ ŀǊŜ ƻŦŦΦέ όwнрΣ ŀƎŜ ол-

50, female, lives in the semi-detached house) 

These statements from R6 and R25 show that they are aware of the energy implications of 

their actions and so avoid opening the windows when the radiators are on. This indicates a 

ǇƻǘŜƴǘƛŀƭ ŎƻƴǘǊŀǎǘ ōŜǘǿŜŜƴ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ŀǎǎǳƳǇǘƛƻƴǎ ŀƴŘ ǘƘŜ ŀŎǘǳŀƭ ōŜƘŀǾƛƻǳǊǎ ƻŦ ǘƘŜ 

inhabitants. 

6.3.5 Usability of Windows 

The key point to highlight is that the majority of the households in this case study do not 

report usability problems with their windows, such as having difficulties in opening or 

closing a window because it is too stiff. However, one household mentioned that they have 

some usability issues that were related to maintenance issues. For example, R1 stated: 

άLƴ ǘƘŜ ŀǳǘǳƳƴ ǘƛƳŜΣ ǿŜ ǘǊȅ ǘƻ ƪŜŜǇ ǘƘŜ ōŀƭŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƘŜŀǘŜǊ ŀƴŘ ǾŜƴǘƛƭŀǘƛƻƴΦ L 

have circulation problems on [in] my legs, so even in winter I get really hot. So even in 

winter, we open the windows. But when it rains, the rain comes in, as I said, because 
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of the design. So, we put a pedal on it and we usually open the windows at the 

ƳŜŘƛǳƳ ƭŜǾŜƭΦέ όwмΣ ŀƎŜ рм-70, female, lives on the ground floor) 

As well as making adaptations to stop rain entering when the windows are open, she had to 

adjust her usage practice by opening the windows to a medium level, due to a usability issue 

related to maintenance problems. 

6.3.6 Additional Equipment Related to Windows 

One of the key findings from the analysis in relation to redundancy is that most inhabitants 

do not have a backup option or an alternative to windows for ventilation. For example, R15 

remarked: 

άDo you think there is any other way [equipment] that you can use as an alternative 

ǘƻ ǿƛƴŘƻǿǎΚέ όa¢Σ researcher) 

ά²ŜƭƭΣ ƻƴƭȅ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎΣ ōǳǘ L ǇŜǊǎƻƴŀƭƭȅ ǿƻǳƭŘ ƴƻǘ ǳǎŜ ƛǘΦέ όwмрΣ ŀƎŜ ол-50, 

female, lives on the first floor)  

As R15 stated, she is aware of an alternative option but prefers not to purchase and use it. In 

contrast, three households reported having additional equipment, such as portable air 

conditioning units, which they purchased themselves. For example, R11 noted: 

ά5ƻ ȅƻǳ ƘŀǾŜ ŀƴȅ ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ ǿƛƴŘƻǿǎΚέ όa¢Σ researcher) 

ά²Ŝ ƘŀǾŜ Ǝƻǘ ŀƴ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎ ǳƴƛǘ ǘƘŀǘ ǿŜ ōƻǳƎƘǘΦέ όwммΣ ŀƎŜ рм-70, male, lives 

on the ground floor)  

Another inhabitant (R6) also mentioned having a portable air conditioning unit: 

άL Řƻ ƘŀǾŜ ŀ ǎƳŀƭƭ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎ ǳƴƛǘΣ ǾŜǊȅ ǎƳŀƭƭ ƻƴŜΦ ! ƭƛǘǘƭŜ ǳƴƛǘ ǿƘƛŎƘ ȅƻǳ Ŏŀƴ ǳǎŜ 

for heating the room as well if necessary. But I have been there since 2016 and such, 

nothing is ŜǾŜǊ ōǊƻƪŜƴ ŘƻǿƴΦέ όwсΣ ŀƎŜ рм-70, female, lives on the first floor) 

These statements from the inhabitants highlight that they use their portable air conditioning 

units for air circulation, and one household mentioned she is also using it for heating her 

home. R6 also noted: 
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άAs it seems to be with global warming, each summer will be getting hotter and that 

particular day when it reaches 40 degrees, it took about a week because I live 

upstairs. It took about a week for the flat to cool down. And I did really notice that. 

And for me, having come from Andalusia, where I was used to intense heat, I found 

that quite shocking. And I think it may be to do with the insulation in the loft, I am 

not sure, but I think maybe in future if we do have hotter summers like that, we 

ǿƻǳƭŘ ƴŜŜŘ ƳŀȅōŜ ǎƻƳŜǘƘƛƴƎ ŦƛǘǘƛƴƎ ƛƴ ŀ ǇǊƻǇŜǊ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎ ŦŜŀǘǳǊŜΦέ (R6, age 

51-70, female, lives on the first floor) 

The statement from R6 highlights that due to climate change and rising temperatures, their 

flats become very warm, necessitating additional equipment for ventilating their homes. 

Similarly, Gupta et al. (2021) note that by the 2080s the most effective solution for reducing 

indoor temperatures will be the use air conditioning. However, the use of air conditioning 

also results in a high cooling load, emphasising the importance of balancing passive and 

active ventilation measures to minimise the cooling load. Given climate change and the 

increasing frequency of heatwaves in the UK, more effective strategies must be developed to 

enhance air circulation within homes during these extreme events (Wright and Venskunas, 

2022). A key point to highlight here is that some inhabitants are adapting to the changing 

conditions by acquiring additional alternatives or backup options. Therefore, not having 

alternative equipment underscores a critical gap in redundancy for ventilation, particularly 

during extreme weather events like heatwaves.  

To summarise this section, the findings highlight the complexity of window usage practices 

in social housing, which are shaped by individual habits, knowledge and usability barriers, 

seasonal influences, and a lack of redundancy in ventilation systems. These findings indicate 

the necessity for enhanced practical knowledge among inhabitants, better communication 

of design intentions, and improved maintenance support to align with the window usage 

practices of inhabitants.  

6.4 Door Usage Practices 

The analysis of door usage practices in this case study reveals notable patterns regarding the 

simultaneous use of doors and windows, door usability, and the habits that influence 

ƛƴƘŀōƛǘŀƴǘǎΩ ŘƻƻǊ ǳǎŀƎŜ ǇǊŀŎǘƛŎŜǎΦ 
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6.4.1 Habits of the Inhabitants and Adaptability 

A significant point found from the analysis is that ground floor households (eight out of 16 

households) have a habit of using the entrance doors and windows simultaneously during 

summer to manage thermal discomfort. For example, R3 noted: 

άDƻ ȅƻǳ ŘƛǎŎǳǎǎ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ ǿƘŜƴ ȅƻǳ ƴŜŜŘ ǘƻ ǳǎŜ ǾŜƴǘƛƭŀǘƛƻƴ ƛƴ ȅƻǳǊ ƘƻƳŜΚέ 

(MT, researcher)  

ά!ƴŘ ǿƘŀǘ Řƻ ȅƻǳ ƳŜŀƴ ōȅ ǾŜƴǘƛƭŀǘƛƻƴΚ 5ƻ ȅƻǳ ƳŜŀƴ ƘŀǾƛƴƎ ǘƘŜ ǿƛƴŘƻǿ ƻǇŜƴΚέ όwоΣ 

age 51-70, female, lives on the ground floor)  

ά¸ŜŀƘΦ CƻǊ ŜȄŀƳǇƭŜ, ǿƛƴŘƻǿǎΣ ŘƻƻǊǎΦέ όa¢ύ 

άbƻΣ ƴƻǘ ǊŜŀƭƭȅΦ ²Ŝ ōƻǘƘ ƘŀǾŜ ǘƘŜ ōŜŘǊƻƻƳ ǿƛƴŘƻǿ ƻǇŜƴΦ {ƻƳŜǘƛƳŜǎ ƛƴ ǘƘŜ ǎǳƳƳŜǊΣ 

ǿƘŜƴ ƛǘ ƛǎ ǾŜǊȅ ƘƻǘΣ ǿŜ ƳƛƎƘǘ ƘŀǾŜ ǘƘŜ ŘƻƻǊ ƻǇŜƴΦέ όwоύ  

As R3 mentioned, when the temperature is high, they use both windows and doors together 

for natural ventilation. Similar examples from other households (R17 and R22) are presented 

below. These highlight the need for additional ventilation control to improve air circulation 

within the homes, as they tend to get very warm. This was also noted in Section 6.3.6, where 

inhabitants described purchasing alternative equipment (e.g., portable air conditioning 

units) due to their homes becoming very warm. Additionally, this practice demonstrates a 

form of adaptability, where inhabitants use the available features of the home to maintain 

comfort despite inadequate ventilation systems. However, this reliance on using both doors 

and windows to increase the natural ventilation poses potential security risks, as R7 

remarked: 

άDo you use your doors and windows together to increase the ventilation in your 

ƘƻƳŜΚέ όa¢Σ researcher)  

άNo, we do not use the door. When we are in, the door is always shut because it is 

down at the bottom the stairs. So that is not something we [do] keep the door open 

ǘƻ ƎŜǘ ǾŜƴǘƛƭŀǘƛƻƴΦέ όwтΣ ŀƎŜ рм-70, male, lives on the first floor)  
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wтΩǎ ǎǘŀǘŜƳŜƴǘ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜȅ ǘȅǇƛŎŀƭƭȅ Řƻ ƴƻǘ ƻǇŜƴ ǘƘŜ ŘƻƻǊǎ ŀƴŘ ǿƛƴŘƻǿǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ 

for cross-ventilation because the doors are located downstairs, raising security concerns. 

This underscores that spatial configurations significantly affect the capacity for long-term 

resilience, particularly in first-floor flats and semi-detached homes, as described by R25: 

ά5ƻ ȅƻǳ ǳǎŜ ȅƻǳǊ ŘƻƻǊǎ ŀƴŘ ǿƛƴŘƻǿǎ ǘƻƎŜǘƘŜǊ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǾŜƴǘƛƭŀǘƛƻƴ ƛƴ ȅƻǳǊ 

ƘƻƳŜΚέ όa¢Σ researcher) 

άhƪŀȅΦ ²ƘŜƴ L ŀƳ ŎƻƻƪƛƴƎ ŀƴŘ ǘƘŜ ǎƳŜƭƭ ƛǎ ƻǾŜǊǿƘŜƭƳƛƴƎΣ L ƻǇŜƴ ǘƘŜ ƪƛǘŎƘŜƴ 

ǿƛƴŘƻǿǎ ŀƴŘ ŘƻƻǊǎ Ƨǳǎǘ ǘƻ ƭŜǘ ǘƘŜ ǎƳŜƭƭ ƻǳǘ ŦƻǊ ŀ ǎƘƻǊǘ ǇŜǊƛƻŘΦ .ǳǘ ƎŜƴŜǊŀƭƭȅΣ ƴƻΦέ 

(R25, age 30-50, female, lives in the semi-detached home)  

Thus, this reliance on opening the doors for a long period of time poses potential security 

risks that undermine the ability to continue these practices in the long term.  

6.4.2 Demographic-Specific Needs 

A key finding from the analysis shows that inhabitants who consistently use trickle vents 

(24/7) also keep their windows and doors open during the day in the summer. The 

demographic data of these inhabitants reveal that they are all over 50 years old and spend 

most of their time at home. This is supported by the statement from R17: 

άDo you also use them [trickle vents]?έ όa¢Σ researcher) 

άYes. In summer I leave the trickle vents open all the time, day and night, when it is 

warm to let the fresh air in.έ όwмтΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ ƎǊƻǳƴŘ ŦƭƻƻǊύ 

άDo you also use the doors and windows together?έ (MT) 

άYes. Yes, I do. In summer.έ όwмтύ  

These inhabitants who spend most of their time at home adapt their indoor environments 

by maximising air circulation. Another example from R22 noted: 

άDo you use the doors and windows together to increase the ventilation in your 

home?έ όa¢Σ researcher) 
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άYeah, yeah, I do. In summer I do, yeah.έ όwннΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ 

ground floor)   

άAre you aware of the trickle vents, on top of the window?έ όa¢ύ  

άAre the openings?έ όwннύ  

άYeah.έ όa¢ύ  

άFor the ventilation? Yeah, I have them open.έ όwннύ 

These behaviours highlight the need for adaptive ventilation systems that support 

demographic-specific needs that respond to temperature or air quality changes. 

Additionally, cooking and its relation to ventilation practices were often mentioned during 

ǘƘŜ ƛƴƘŀōƛǘŀƴǘ ƛƴǘŜǊǾƛŜǿǎΦ ¢ƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŎƻƻƪƛƴƎ Ƙŀōƛǘǎ ŀŦŦŜŎǘ ǘƘŜƛǊ ŘƻƻǊ ǳǎŜ ǇǊŀŎǘƛŎŜǎΦ CƻǊ 

example, in the interview with R24: 

ά5ƻ ȅƻǳ ǳǎŜ ŘƻƻǊǎ ŀƴŘ ǿƛƴŘƻǿǎ ǘƻƎŜǘƘŜǊ ƛƴ ǎǳƳƳŜǊ ǿƘŜƴ ȅƻǳ ŎƻƻƪΣ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ 

ǾŜƴǘƛƭŀǘƛƻƴΚέ όa¢Σ researcher) 

άYƛǘŎƘŜƴ ǿƛƴŘƻǿ ƛǎ ƻǇŜƴ нпκт ƛƴ ǎǳƳƳŜǊ ŀƴŘ ǘƘŀǘ ŘƻƻǊ ƛǎ ǳǎǳŀƭƭȅ ƻǇŜƴΦ L Řƻ ƴƻǘ ǳǎŜ 

that fan [extract fan] in the kitchen, it is useless. I mean, we have got a visitor 

recently and I did some steaks, so I put the fan on. Smoke alarm went off. So, what is 

ǘƘŜ ǇƻƛƴǘΚ ¢ƘŜǊŜ ƛǎ ƴƻ Ǉƻƛƴǘ ƛƴ ǘƘŀǘΦ !ōǎƻƭǳǘŜƭȅ ǳǎŜƭŜǎǎΦέ όwнпΣ ŀƎŜ рм-70, female, lives 

on the ground floor)  

As noted by R24, when cooking, they open the windows, doors and trickle vents to enhance 

air circulation and eliminate cooking smells. This indicates redundancy in kitchen ventilation, 

as the inhabitants can use windows and trickle vents alongside doors. However, this 

redundancy also suggests a lack of effectiveness of existing ventilation systems, such as 

extract fans, that forces inhabitants to layer practices to achieve their wants.  

To summarise this section, the analysis highlights how inhabitants adapt door usage 

practices to manage ventilation, how the location of their flats affects their door usage 

ǇǊŀŎǘƛŎŜǎΣ ƻƭŘŜǊ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƻƻǊ ǳǎŀƎŜ ǇǊŀŎǘƛŎŜǎΣ ŀƴŘ Ƙƻǿ ƘŀǾƛƴƎ ǊŜŘǳƴŘŀƴŎȅ ƛƴŘƛŎŀǘŜǎ 

inefficiency in the existing systems. 
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6.5 Extract Fan Use Practices 

The analysis of extract fan usage in this case study uncovers significant aspects that 

emphasise both systemic and practical shortcomings in ventilation practices and 

infrastructure. This case study has MEV systems that serve as the primary ventilation system. 

The kitchen and bathroom are equipped with mechanical extract fans that run continuously. 

Additionally, there is a kitchen boost switch, a ventilation control device that allows the 

extract fan to operate for an extended duration, providing extra air circulation when needed, 

such as during and after cooking. Although extract fans are designed to help maintain indoor 

air quality, their reported inefficiencies raise significant concerns regarding design, 

implementation and user engagement. 

6.5.1 Inefficiency of Extract Fans and Reliance on Windows 

A key highlight from the analysis is that a majority of households (10 out of 16 households) 

perceive extract fans as inadequate for ventilation without using additional measures, such 

as opening windows. An example comes from the interview with R14: 

ά!ǊŜ ȅƻǳ ŀǿŀǊŜ ƻŦ ǘƘŜ ŜȄǘǊŀŎǘ Ŧŀƴǎ ƛƴ ȅƻǳǊ ƘƻƳŜΚέ όa¢Σ researcher)  

ά¸ŜŀƘΦ ²Ŝ ǳǎŜ ƛǘΣ ȅŜŀƘΦ 9ǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ǿŜ ŀǊŜ ŎƻƻƪƛƴƎΣ ǿŜ ǳǎŜ ƛǘΦ .ǳǘ ƛǘ ƛǎ ƴƻǘ ǾŜǊȅ 

ƎƻƻŘΦέ όwмпΣ ŀƎŜ рм-70, male, lives on the ground floor)  

άώΧϐ Řƻ ȅƻǳ ǘƘƛƴƪ ǘƘŜȅ ǿƻǊƪ ǿŜƭƭΚ CƻǊ ŜȄŀƳǇƭŜΣ ǿƘŜƴ ȅƻǳ Ŏƻƻƪ ǎƻƳŜǘƘƛƴƎΣ Řƻ ȅƻǳ 

ƻǇŜƴ ǿƛƴŘƻǿǎΚέ όa¢ύ 

ά¸ŜŀƘΣ ǿŜ ƻǇŜƴ ǘƘŜ ǿƛƴŘƻǿǎΦ .ŜŎŀǳǎŜ ǘƘŜ ŜȄǘǊŀŎǘƻǊ Ŧŀƴ ŘƻŜǎ ƴƻǘ ƳŀƪŜ ŀƴȅ ŘƛŦŦŜǊŜƴŎŜ 

when you are cooking. So, it is just basically better to open the window and that is 

ƳƻǊŜ ŜŦŦŜŎǘƛǾŜ ǘƘŀƴ ǘƘŜ ŜȄǘǊŀŎǘƻǊ ŦŀƴΦέ όwмпύ 

wмпΩǎ ǎǘŀǘŜƳŜƴǘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ǘƘŜȅ ǳǎŜ ǘƘŜ ŜȄǘǊŀŎǘ ŦŀƴΤ ƘƻǿŜǾŜǊΣ ƛǘ ŘƻŜǎ ƴƻǘ ƳŀƪŜ ŀ 

significant difference, so they also use their windows for ventilation. Similarly, many other 

inhabitants expressed dissatisfaction with the performance of kitchen extract fans, 

particularly while cooking. For instance, in the interview with R3: 
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άIn the winter, for example, when you cook, is your extract fan enough for you to 

ǾŜƴǘƛƭŀǘŜ ȅƻǳǊ ƘƻƳŜΚέ όa¢Σ researcher) 

άbƻΣ L ǿƻǳƭŘ ƴƻǘ ǘƘƛƴƪ ǎƻΦ bƻǘ ǊŜŀƭƭȅΦ L ǿƻǳƭŘ ƻǇŜƴ ŀ ǿƛƴŘƻǿ ƛŦ ƛǘ ƛǎ ǊŜŀƭƭȅ ǎƳŜƭƭȅΦ [ƛƪŜ 

ƛŦ ƛǘ ǿŀǎ ŦƛǎƘΣ ŦƻǊ ŜȄŀƳǇƭŜΦέ όwоΣ ŀƎŜ рм-70, female, lives on the ground floor) 

Since the extract fans are insufficient for the majority of the households, many inhabitants 

use their windows as an alternative to enhance the air circulation while cooking. Even in 

winter, they open their windows during cooking, despite most households (13 out of 16 

households) reporting they did not often do so in winter. For instance: 

ά!ǊŜ ȅƻǳ ŀǿŀǊŜ ƻŦ ǘƘŜ ŜȄǘǊŀŎǘ Ŧŀƴǎ ƛƴ ȅƻǳǊ ƪƛǘŎƘŜƴ ŀƴŘ ōŀǘƘǊƻƻƳΚέ όa¢Σ researcher) 

ά¸ŜǎΦ L ƳŀȅōŜ ƻf [have] used the one in the bathroom maybe once because I usually 

like to open the door and the windows to let the steam out. And the one in the 

kitchen I have used, because obviously for cooking and I open it. And I do love cooking 

in winter and I do open the windows in winter when I am cooking. But sometimes if it 

is something that really does smell then on that occasion, I have used it. Or if it is 

ǎƻƳŜǘƘƛƴƎ ōǳǊƴǘΣ L ǳǎŜ ƛǘΦέ όwсΣ ŀƎŜ рм-70, female, lives on the first floor) 

Some inhabitants also mentioned they have mould and damp in their homes. For example, 

R14 noted: 

ά±Ŝƴǘƛƭŀǘƛƻƴ ƛǎ ŀ ōƛǘ Ƙƛǘ ŀƴŘ ƳƛǎǎΦ ²Ŝ ƘŀǾŜ ŀ ƭƻǘ ƻŦ ƳƻǳƭŘ ƻƴ ǘƘŜ ǿƛƴŘƻǿǎƛƭƭǎΣ ƛƴ ǘƘŜ 

ōŜŘǊƻƻƳǎ ŀƴŘ ƛƴ ǘƘŜ ƭƛǾƛƴƎ ǊƻƻƳ ŀǎ ǿŜƭƭΦέ όwмпύ 

Inadequate ventilation raises CO2 concentration levels and relative humidity, leading to 

mould and damp in homes (Fan et al.Σ нлноύΣ ŀǎ ŜǾƛŘŜƴŎŜŘ ƛƴ wмпΩǎ ǎǘŀǘŜƳŜƴǘΦ ! ǎƛƳƛƭŀǊ ƛǎǎǳŜ 

is mentioned by R24: 

άWe just got a bit of a problem with the damp. We have been here for six years. First 

two years we never had damp in our little bedroom, and all of a sudden it come. ώΧϐ 

These fans that were all up there [extract fans] and the one in [the] bathroom are a 

waste of time. So when we shower or bath, we open the bathroom window. We have 

got damp, you know in the ceiling and the bottom of [the] bathroom window, that 
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will not come off. I have got damp in the corners of kitchen windows; they will not 

come off.έ όwнпΣ ŀƎŜ рм-70, female, lives on the ground floor) 

 

wнпΩǎ ǎǘŀǘŜƳŜƴǘ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜƛǊ ǊŜƭƛŀƴŎŜ ƻƴ ƪƛǘŎƘŜƴ ǿƛƴŘƻǿǎ ǘƻ ǊŜƳƻǾŜ ŎƻƻƪƛƴƎ ƻŘƻǳǊǎ 

ŀƴŘ ǾŜƴǘƛƭŀǘŜ ǘƘŜ ǊƻƻƳΣ ŘǳŜ ǘƻ ǘƘŜ ŜȄǘǊŀŎǘ ŦŀƴΩǎ ƛƴŜŦŦƛŎƛŜƴŎȅΦ wмп ŀƴŘ wнп ŜȄǇƭŀƛƴŜŘ ǘƘŀǘ ǘƘŜȅ 

often open windows to enhance air circulation in their homes; however, these adaptive 

practices are inadequate, resulting in the growth of mould and damp from poor ventilation.  

Similarly, R25 also remarked: 

ά5ƻ ȅƻǳ ƘŀǾŜ ŜȄǘǊŀŎǘƻǊ Ŧŀƴǎ ƛƴ ȅƻǳǊ ƘƻƳŜΚέ όa¢Σ researcher) 

ά¸ŜŀƘΦ ²Ŝ ƘŀǾŜ ŀƴ ŜȄǘǊŀŎǘƻǊ Ŧŀƴ ƛƴ ƪƛǘŎƘŜƴ ŀƴŘ ōŀǘƘǊƻƻƳΦ ²Ŝ ŀƭǎƻ ƘŀǾŜ ŀ ŎƻƻƪŜǊ 

ƘƻƻŘ ǿƛǘƘ ŀƴ ŜȄǘǊŀŎǘƻǊΦέ όwнрΣ ŀƎŜ ол-50, female, lives in the semi-detached home) 

ά¸ŜŀƘΦ !ƴŘ Řƻ ȅƻǳ ǘƘƛƴƪ ǘƘŜȅ ǿƻǊƪ ǿŜƭƭΚέ όa¢ύ  

άbƻΣ L ǘƘƛƴƪ ǘƘŜȅ ŀǊŜ ǳǎŜƭŜǎǎΦ 9ǾŜƴ ǿƘŜƴ ǘƘŜ ŜȄǘǊŀŎǘ Ŧŀƴǎ ŀǊŜ ƻƴΣ L ƘŀǾŜ ǘƻ ǳǎŜ ǘƘŜ 

windows and door to get rid of the cooking smell. They [extract fans] do not do it 

ƳǳŎƘΦέ όwнрύ 

Despite having extract fans and cooker hood extractors, inhabitants like R25 reported that 

they still need to use windows for ventilation because the fans do not function efficiently. 

This practice occurs even during winter, as noted by R6 above, revealing that the extract fans 

do not adequately fulfil their ventilation needs. Although opening windows provides 

immediate airflow, this practice impacts energy efficiency, particularly in the colder months, 

as the inhabitants open windows despite concerns about heat loss. This behaviour highlights 

a gap between the intended functionality of ventilation systems and their actual usability.  

6.5.2 Limited Engagement with Extract Fans and Institutionalised Knowledge 

None of the households reported discussions among the inhabitants about when to use the 

extract fans (see Figure 6.8), and most inhabitants indicated that they do not take charge of 

using them (see Figure 6.9). This lack of engagement within the households with the extract 

fans is because the extract fans are designed to operate both automatically and manually; 

however, the inhabitants lack confidence in their effectiveness. Many inhabitants stated (see 
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statements from R3, R6, R14, R24 and R25 above) that using extract fans does not make a 

noticeable difference, prompting them to rely on windows instead.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.8 The percentage of inhabitants who discuss with other 
household members when they need to use the extract fans 

Figure 6.9 The percentage of inhabitants who take charge of the extract fans in 
relation to their presence at home 
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This limited engagement can also be linked to a broader lack of institutionalised knowledge 

regarding the benefits and proper usage of ventilation systems. Interaction with windows is 

highlighted as one of the ΨǎƻǇƘƛǎǘƛŎŀǘŜŘ ōŜƘŀǾƛƻǳǊǎΩ ǘƘŀǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŦƭǳŜƴŎŜ ōǳƛƭŘƛƴƎ 

energy performance, and inhabitants prefer to manually control their windows (Park, An and 

Jeong, 2023). This suggests that the inhabitants use the windows instead of the extract fans 

because they feel more confident using the windows, as this knowledge is institutionalised 

for the majority of them. For instance, R15 noted: 

άThere is the little extractor fan in the ceiling, the little square things. I try to 

remember turning them on, but I do not always remember.έ όwмрΣ ŀƎŜ ол-50, female, 

lives on the first floor)   

άAnd do you think the extract fans work well?έ όa¢Σ researcher)  

άNo, did not seem to do a lot.έ όwмрύ  

wмрΩǎ ǎǘŀǘŜƳŜƴǘ emphasises her awareness of the extract fans, but she does not consistently 

remember to use them since this control has not yet become internalised enough to 

influence her ventilation practices. This preference for windows indicates a familiar reliance 

on manual solutions, suggesting that technological interventions have not successfully 

integrated into the habitual practices of the inhabitants. 

6.5.3 Factors that Influence Extract Fan Usage Practices 

Age, accessibility and ventilation levels are the factors that influence extract fan usage. Older 

inhabitants, particularly those over 70, feel the cold easily, as shown in this interview with 

R17: 

άWƘŜƴ ȅƻǳ ƻǇŜƴ ƛǘ ώŜȄǘǊŀŎǘ Ŧŀƴϐ Řƻ ȅƻǳ ǘƘƛƴƪ ǘƘŜȅ ǿƻǊƪ ǿŜƭƭΚέ όa¢Σ researcher)  

άhƘ ȅŜǎΦ ¸ŜŀƘΦ L ƳŜŀƴ L ǘǊƛŜŘ ǘƘŜ ŜȄǘǊŀŎǘƻǊ Ŧŀƴ ƛƴ ǘƘŜ ōŀǘƘǊƻƻƳΦ !ƴŘ ǿƘŜƴ L ǎƘƻǿŜǊ ƛǘ 

led me to shiver, so that is why I do not use it and I prefer to open the window 

ƛƴǎǘŜŀŘΦέ όwмтΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ ƎǊƻǳƴŘ ŦƭƻƻǊύ 

Similarly, R4 who is over 70 noted: 
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ά¢ƘŜǊŜ ƛǎ ƻƴŜ ŜȄǘǊŀŎǘ Ŧŀƴ ƛƴ [the] bathroom. But we do not use them. Because we 

have [the] ǿƛƴŘƻǿ ƻǇŜƴΦέ όwпΣ ŀƎŜ ƻǾŜǊ тлΣ ŦŜƳŀƭŜΣ ƭƛǾŜǎ ƻƴ ǘƘŜ ƎǊƻǳƴŘ ŦƭƻƻǊύ 

wпΩǎ ŀƴŘ wмтΩǎ ǎǘŀǘŜƳŜƴǘǎ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŀǘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ ƻǾŜǊ тл ǇǊŜŦŜǊ ǳǎƛƴƎ ǿƛƴŘƻǿǎ ǘƻ 

extract fans to ventilate their bathrooms. This finding can also be related to the lack of 

institutionalised knowledge about extract fans and the more ingrained habit of window use, 

as discussed in Section 6.5.2. In contrast, inhabitants under 70 tend to use both extract fans 

and windows to let the steam out and bring fresh air into the bathroom. For instance, R9 

stated: 

άFor example, when you shower in the bathroom, do you need to open a window or is 

ǘƘŜ ŜȄǘǊŀŎǘ Ŧŀƴ ŜƴƻǳƎƘΚέ όa¢Σ researcher)  

άYeah, we got the extractor fan, but we also open the windows. You know, it is 

ǎǳŦŦƛŎƛŜƴǘ ǘƻ ƪŜŜǇ ǘƘŜ ǎǘŜŀƳ ƻǳǘΦέ όwфΣ ŀƎŜ рм-70, male, lives on the first floor) 

R9, whose household is a family of three, reported using both extract fans and windows as a 

combined strategy to increase air circulation in their home. Similarly, R25, living in a family 

of four, opens windows when the extract fan is on during cooking to increase the airflow in 

ǘƘŜ ǊƻƻƳ όǊŜŦŜǊ ǘƻ {ŜŎǘƛƻƴ сΦрΦм ŦƻǊ wнрΩǎ ǎǘŀǘŜƳŜƴǘύΦ ¢ƘŜǊŜŦƻǊŜΣ ƛƴŀŘŜǉǳŀǘŜ ǾŜƴǘƛƭŀǘƛƻƴ ƛƴ 

ǘƘŜ ƘƻƳŜǎ ƛƴŦƭǳŜƴŎŜǎ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŜŦŜǊŜƴŎŜǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǳǎŜ ƻŦ ŀŘŘƛǘƛƻƴŀƭ ǾŜƴǘƛƭŀǘƛƻƴ 

controls (e.g., during cooking and showering). 

In households with no windows in the bathrooms (e.g., those of R11 and R14), the only 

option for the inhabitants is using the extract fan, yet R14 reported severe issues with mould 

ŘǳŜ ǘƻ ǇƻƻǊ ǾŜƴǘƛƭŀǘƛƻƴ όǊŜŦŜǊ ǘƻ {ŜŎǘƛƻƴ сΦрΦм ŦƻǊ wмпΩǎ ǎǘŀǘŜƳŜƴǘύΦ CƻǊ ŜȄŀƳǇƭŜΣ wмп 

mentioned he tried to fix this situation himself and noted: 

άWe have a lot of mould on the windowsills, in the bedrooms and in the living room 

as well. When we first moved in, the builder said when you settle down, then it 

[mould] will go back to normal. But it never had. So, I bought two things on Amazon, 

dehumidifiers I think they are called. So, it sucks all the moist air to prevent mould. It 

ǿƻǊƪǎ ŀ ōƛǘΣ ōǳǘ ƘŜƭǇǎ ǊŜŘǳŎƛƴƎ ƳƻǳƭŘΦ Lǘ ǎǳŎƪǎ ǘƘŜ ƘǳƳƛŘ ŀƛǊΦέ όwмпΣ ŀƎŜ рм-70, male, 

lives on the ground floor) 
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This raises significant concerns regarding the usability of extract fans in this case study and 

the lack of redundancy in the ventilation system, which impacts the inhabitants living in 

poorly ventilated homes. Issues like condensation, mould and poor air quality indicate 

systemic failures in housing design and maintenance that directly impact the physical health 

of inhabitants (Roh et al.Σ нлнмύΦ ¢ƘŜǎŜ ǇǊƻōƭŜƳǎ ƘŀǾŜ ǎŜǊƛƻǳǎ ŜŦŦŜŎǘǎ ƻƴ ƛƴƘŀōƛǘŀƴǘǎΩ ƘŜŀƭǘƘΣ 

and as many of the case study participants stay at home most of the time, they may be more 

affected by poor indoor air quality.  

Accessibility is another factor that plays a crucial role in how inhabitants use extract fans. 

Many inhabitants, particularly older adults (over 50), find it challenging to use extract fans 

because of their placement or design. This often requires additional equipment, such as 

ladders, which can pose significant health risks, or relying on help from other household 

members. For example, R18 noted: 

ά¢ƘŜ ƻƴƭȅ ǘƘƛƴƎ ǘƘŀǘ ƛǎ ǿǊƻƴƎ ǿƛǘƘ ǘƘƛǎ ǇƭŀŎŜ ƛǎΣ ȅƻǳ ƪƴƻǿΣ ǘƘŜ Ŧŀƴǎ ώŜȄǘǊŀŎǘ Ŧŀƴǎϐ ƛƴ 

the bathroom. You know, the extractor fan. It is seven-foot high. It is seven-foot high. 

It is right up near the roof. So, I have to get a chair to put it on. Or, I have to wait for 

my husband to turn it on. (R18, age 51ς70, female, lives on the first floor) 

This underscores a gap between the physical design of ventilation systems and the actual 

usage of these controls. As a result, when the inhabitants find it difficult to use the extract 

fans, they adapt to this situation by using alternatives like windows (refer to statements of 

R4, R9, R17 and R24 about using windows). The reliance on alternative methods emphasises 

the critical need for improved and accessible ventilation systems in this case study.  

To summarise Section 6.5, the analysis underscores a significant need for improvements in 

the design, maintenance and user integration of extract fans. The reliance on windows as a 

primary solution when the extract fans are not working efficiently reveals critical deficiencies 

in their functionality and accessibility. Additionally, the lack of inhabitant engagement 

indicates a disconnect between design intentions and the actual behaviours of inhabitants. 

¢ƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƴŜŜŘ ŦƻǊ ŀ ŎƻƳōƛƴŜŘ ŀǇǇǊƻŀŎƘ ǘƻ ǾŜƴǘƛƭŀǘƛƻƴ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 

redundancy to continue their ventilation practices, but also the insufficiency of current 

systems to meet these needs effectively. 
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6.6 Summary  

As in the chapter about heating practices, this chapter examined ventilation practices from 

two different perspectives, those of the inhabitants and the design team. The ventilation 

ǇǊŀŎǘƛŎŜǎ ǿŜǊŜ ŀƴŀƭȅǎŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǎǇŜŎƛŦƛŎ ǾŜƴǘƛƭŀǘƛƻƴ ŎƻƴǘǊƻƭǎ ǿƛǘƘƛƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ 

homes: windows (trickle vents were included in this section), doors, and extract fans. These 

specific ventilation practices of inhabitants were critically analysed in terms of the key 

themes that appeared during the analysis.  

The findings show that the design team understand resilience as a multifaceted concept, 

focusing on climate-resilient homes, lifetime homes and adaptability to social changes. 

These priorities shape their design intentions for social housing, which needs to be 

functional and adaptable over time. However, challenges remain, especially in engaging 

inhabitants, enhancing maintenance accessibility, and anticipating societal shifts. 

The findings about window use practices reveal that these practices are shaped by seasonal 

changes, household dynamics, individual health needs, and awareness of trickle vents. 

These challenges highlight the necessity for better communication of design intentions, 

enhanced inhabitant knowledge, and improved maintenance support to align with actual 

practices. Likewise, door usage practices reflect the adaptability of inhabitants, and are 

influenced by factors such as flat location, and age-specific strategies, while revealing 

inefficiencies in the existing ventilation system. The analysis of extract fan usage shows 

inefficiencies in performance and a reliance on windows as a means for inhabitants to 

maintain their practices. Additionally, limited inhabitant engagement indicates a gap 

between design intentions and user behaviours.  

Overall, this chapter highlighted the necessity for a more integrated design approach that 

prioritises inhabitant engagement, practical usability, and additional alternatives to support 

resilient housing practices. 
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CHAPTER 7. DISCUSSION 

7.1 Introduction 

In this chapter, the findings and analysis are discussed by linking the resilience indicators and 

practice theory elements together. The similarities and differences between data from the 

ŘŜǎƛƎƴ ǘŜŀƳ ŀƴŘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ōȅ ƭƻƻƪƛƴƎ ŀǘ ǘǿƻ ŀǎǇŜŎǘǎ ƻŦ DǊŀƳ IŀƴǎǎŜƴΩǎ 

(2010) practice theory: institutionalised knowledge and rules, and technologies. All four 

ŀǎǇŜŎǘǎ ƻŦ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ōȅ ƭƛƴƪƛƴƎ ǿƛǘƘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŘŀǘŀΦ ¢Ƙƛǎ ŎƘŀǇǘŜǊ 

aims to answer Research Question 4, to identify key insights to develop a new understanding 

ƻŦ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎΦ 

7.2 Resilience and Practice Theory Framework 

Lƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ƛǎ ǳǎŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related 

ǇǊŀŎǘƛŎŜǎ ŀƴŘ ΨƘƻǿΩ ŀƴŘ ΨǿƘȅΩ ǘƘŜƛǊ ǇǊŀŎǘƛŎŜǎ ŎƘŀƴƎŜκǎǘŀȅ ǘƘŜ ǎŀƳŜ ŘŜǇŜƴŘƛƴƎ ƻƴ ǎƻŎƛŀƭ 

change. Practices are forms of doings and sayings that are held together across time and 

space by different elements such as habits, rules, meanings and understandings (Gram-

Hanssen, 2010a, 2021). ! ǇǊŀŎǘƛŎŜ ƛǎ ŀ ǇŀǘǘŜǊƴ ǘƘŀǘ ƴŜŜŘǎ ǊŜƎǳƭŀǊ ΨǇŜǊŦƻǊƳŀƴŎŜΩΣ ǎǳŎƘ ŀǎ 

replacing windows during home renovation (Bartiaux et al., 2014), which is a common 

ǇǊŀŎǘƛŎŜ ŜǾŜƴ ƛŦ ŘƻƴŜ ƻƴƭȅ ƻƴŎŜ ƛƴ ŀ ƘƻƳŜƻǿƴŜǊΩǎ ƭƛŦŜǘƛƳŜΦ wŜǎŜŀǊŎƘŜǊǎ ƭƛƪŜ {ƘƻǾŜ όнлмлύ 

and Gram-Hanssen (2021) suggest that social practice theories are useful for raising policy 

issues and recommending new policies within the sustainability agenda (Bartiaux et al., 

2014). Thus, using the ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ŀǇǇǊƻŀŎƘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ΨƘƻǿΩ ŀƴŘ ΨǿƘȅΩ ǘƘŜ 

ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices change in terms of social resilience is a promising 

approach for raising new policy recommendations within the sustainability agenda. 

In order to evaluate resilience within the social housing case study using a practice theory 

approach, a resilience matrix was designed by the researcher to help prepare the semi-

structured interview questions. In this section, the discussion is framed according to this 

matrix (see Table 4.7), linking Gram-IŀƴǎǎŜƴΩǎ ŦƻǳǊ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ ŜƭŜƳŜƴǘǎ ŘŜǾŜƭƻǇŜŘ ŀǎ 

an analytical tool with robustness, adaptation and redundancy as resilience drivers. Table 7.1 

presents the latest form of the resilience matrix, developed by the researcher after the data 

analysis, and highlights key findings from the data analysis. 
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Resilience 
Indicators / 
Practice Theory 
Elements 

Robustness 
(The ability of the home to carry on 
performing despite social changes) 

Redundancy 
(The ability of different things to satisfy 
the same function) 

Adaptation 
(Adjustment to reduce the impacts of 
social changes) 

Physical Factors That 
Need to Be Considered 

in Social Housing 

Know-how and 
Embodied Habits 

Á The importance of the heating and 
ventilation controls working sufficiently 
for inhabitants 

Á Building lifetime homes where the 
inhabitants can live despite social 
changes 

Á Usability problems related to age and 
accessibility 

Á Inhabitants have personal 
alternatives for heating system, 
rather than those provided by 
housing association 

Á Inhabitants use windows and 
extract fans together when they are 
cooking 

Á Inhabitants who are aware of trickle 
vents use them continuously 

Á Having flexible spaces and a 
standard form of adaptability 

Á The importance of inhabitants 
having a practical understanding 
and implementing their 
understanding in their practices 

Á Size of the home 
Á Systems in the home: 

Heating and 
ventilation. 

Institutionalised 
Knowledge and 
Rules 

Á Lack of awareness of the policy: 
Approved Document O: ΨOverheatingΩ 
(HM Government, 2021a) 

Á Well-insulated homes aligning with the 
building regulations 

Á Social housing association did not think 
about the social change in this case 
study, because this kind of extreme event 
(pandemic) had not happened before 

Á Cost-efficiency considerations in social 
housing solutions 

Á The housing typologies with the 
bathrooms lacking windows need 
efficient extract fans 

Á Not using the specific ventilation 
controls as intended (e.g., trickle 
vents) and inefficient controls (e.g., 
extract fans) lead to mould and 
condensation problems 

Á LƴƘŀōƛǘŀƴǘǎΩ ǿƛƴŘƻǿ ǳǎŜ ǇǊŀŎǘƛŎŜǎ 
during heatwaves need to be 
adapted 

Á Inhabitants must be aware of the 
overheating policy 

Á Social housing associations need 
to inform inhabitants about the 
change in the home user guide 

Engagements  

Á The inhabitants who take charge of the 
heating controls are the ones who feel 
confident using it and who have the 
practical knowledge 

Á Discussions arise concerning the use of 
extract fans in the bathrooms, 
particularly for those with accessibility 
problems 

Á Heating system alternatives from 
inhabitants: electric fan heater, 
kettle, electric fire heater 

Á Ventilation system alternatives from 
inhabitants: dehumidifier, portable 
air conditioning unit 

Á Inhabitants engage in discussions 
when they perceive their use of 
energy-related controls affects 
home energy consumption 

Á Inhabitants do not discuss using 
windows and doors, unless for 
cross-ventilation 

Technologies  

Á The importance of the heating and 
ventilation controls working sufficiently 
and as intended in the design 

Á Breaking the learning curve of new 

Á There is a need for redundancy in 
system failures, such as power 
failures, particularly renewable 
backup systems 

Á LƴƘŀōƛǘŀƴǘǎΩ ǎǘǊǳƎƎƭŜ ǿƛǘƘ 
technology-related aspects of 
energy controls 

Á Adapting to new technologies and 

Á MEV 
Á Windows 
Á Boiler 
Á Heat pumps 
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Table 7.1 Resilience matrix with the key findings after data analysis  

 
As defined in Section 2.4.1, robustness in this research is defined as the ability of home systems (heating and ventilation) to continue 

functioning despite shocks and social changes. Shocks in this research refer to extreme events, such as the Covid-19 pandemic and the energy 

crisis. Social change here refers to inhabitant discussions on practices, shifts in occupancy patterns, household demographics, and housing 

typologies. These were explored and analysed by asking the inhabitants how they discuss their energy-related practices in the home (e.g., 

opening windows). To further understand how adaptable the home is in terms of social changes, household compositions and inhaōƛǘŀƴǘǎΩ 

discussions on practices were explored and analysed using semi-structured interviews and a usability questionnaire. Redundancy was explored 

and explained by analysing changing occupancy and the availability of multiple means of carrying out same energy-related function. These 

ǘƘǊŜŜ ŘǊƛǾŜǊǎ ƻŦ ǊŜǎƛƭƛŜƴŎŜ ŎƻƳŜ ǘƻƎŜǘƘŜǊ ŀǎ ŀ ƴŜǿ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǘƘƛǎ ǘƘŜǎƛǎ ŀƴŘ ƘƛƎƘƭƛƎƘǘŜŘ ŀǎ ΨǘƘŜ ŀōƛƭƛǘȅ ƻŦ the home to carry on 

performing by using alternative options to maintain the preferred state and adjustments to reduce the impacts, even if there is social change 

ƻǾŜǊ ǘƛƳŜΦΩ 

 
 
 
 

technologies could be difficult for 
inhabitants without any guidance 

Á Usability problems related to the 
difficulties with technology and design 
intentions 

Á Cost-efficient sustainable materials 
and equipment within the design 

introducing a new way of practice 
could be difficult without 
collaboration 

Á Glazing 
Á PV systems 
Á Solar controls 
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7.2.1 Reflection on the Framework and Its Relation to the Findings 

Integrating resilience with practice theory has provided a comprehensive understanding of 

ƘŜŀǘƛƴƎ ŀƴŘ ǾŜƴǘƛƭŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎΦ ¢ƘŜ ŦǊŀƳŜǿƻǊƪ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƳōŜŘŘŜŘ 

routines, the practices they have yet to internalise, and their ability to adapt in response to 

external factors. Practice theory helped uncover the energy-use habits, the role of 

technology (e.g., thermostatic radiator valves, heating programmers), social norms and 

engagements in shaping practices (Gram-Hanssen, 2021). Meanwhile, the aspects of 

resilience highlighted how these energy-related practices are adapted, maintained or 

disrupted in the face of shocks like Covid-19, the energy crisis or system failures. This 

combined approach was particularly useful in the social housing context, where external 

influences like social changes, policy shifts, economic challenges and global crises constantly 

alter daily routines. The resilience dimension highlighted how inhabitants adapt their 

heating and ventilation practices in response to these external influences ς whether by 

adapting room thermostat use, exploring alternative heating options, or engaging with 

design initiatives such as home user guides. This framework provided a common language 

for the actors (e.g., design team and inhabitants), a structured representation of energy-

related practices that can be examined individually or collectively through different research 

methods, and a model for integrating these findings cohesively.   

Furthermore, this approach addressed a critical gap in practice-based research. While socio-

technical studies and practice theory often examine how material infrastructures and social 

norms influence energy use, they tend to overlook the resilience dimension, specifically how 

systems and practices withstand, adapt or fail in response to external factors (Gram-

Hanssen, 2021; Abbas and Michael, 2023). By integrating resilience thinking, this study 

underscored the necessity for heating and ventilation systems that are not only efficient and 

well-integrated into daily routines, but also adaptable, accessible and responsive to 

inhabitants. This insight is particularly important for informing the design of future energy 

systems in social housing, ensuring they support long-term housing resilience for the 

inhabitants. 

By using this framework, this Sheffield-based study and findings can be extended to 

nationwide practices. For example, the resilience matrix can be used by social housing 
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associations in various regions to determine whether their inhabitants also have similar 

energy-related practices, or if their practices change depending on their locations. 

Furthermore, it would be interesting to explore how different housing associations are 

considering resilience in their designs. The questions from Table 4.7 can be used by social 

housing associations nationwide, potentially highlighting the similarities and differences in 

ǘƘŜƛǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǊŜǎƛƭƛŜƴǘ ƘƻǳǎƛƴƎ ŘŜǎƛƎƴΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǳƴŘŜǊǎǘŀƴŘƛƴƎ Ƙƻǿ ƛƴƘŀōƛǘŀƴǘǎΩ 

practices evolve, progress and continue in different locations can be valuable for 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǾŀǊȅƛƴƎ ǊŜǎǇƻƴǎŜǎ ƻŦ ƘƻǳǎƛƴƎ ŀǎǎƻŎƛŀǘƛƻƴǎ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ όDǊŀƳ-

Hanssen, 2010; Shove, Pantzar and Watson, 2012). 

Figure 7.1 illustrates this integrated framework, demonstrating that the resilience of homes 

can be studied by examining the interconnections between resilience drivers (robustness, 

adaptation, redundancy), energy-related practices (heating and ventilation), and 

perspectives of key stakeholders (project director, project coordinator, architect). This 

framework also accounts for how external factors (e.g., Covid-19, the energy crisis, housing 

policies, extreme weather events, social changes and power outages) affect these 

ƛƴǘŜǊǊŜƭŀǘƛƻƴǎƘƛǇǎΦ ¢Ƙƛǎ ŦǊŀƳŜǿƻǊƪ ƻŦŦŜǊǎ ŀ ǿŀȅ ǘƻ ŀƴŀƭȅǎŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ƴƻǘ Ƨǳǎǘ ŀǎ 

socially and materially embedded routines, but as flexible and adaptive responses to 

changing conditions.  
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Figure 7.1 Resilience and practice theory framework diagram (adapted from Figure 2.4) 
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7.2.2 Know-how and Embodied Habits, and Their Nexus with Robustness, Adaptation and 

Redundancy 

{ŎƘŀǘȊƪƛΩǎ ό1997) interpretation of the individual supports the fact that heating and 

ventilation practices are guided by something that makes sense to the individual. In the 

selected case study of social housing, the heating and ventilation systems are similar across 

households; while technology influences habits and routines for heating and ventilating the 

home, inhabitant (individual) interpretation also plays a significant role. Know-how and 

embodied habits are key elements of what constitutes a practice, including the skills 

inhabitants already have and the routines they undertake without conscious reflection 

(Gram-Hanssen, 2010; Bartiaux et al., 2014).  

The design team view climate change as a key factor in developing resilience strategies. 

Their emphasis on energy efficiency and indoor thermal comfort aligns with Sheffield City 

/ƻǳƴŎƛƭΩǎ Ǝƻŀƭǎ ŦƻǊ нлолΣ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƘŜƛǊ ŀƛƳ ǘƻ ǊŜŘǳŎŜ ƘŜŀǘƛƴƎ Ŏƻǎǘǎ ƛƴ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ 

(Sheffield City Council, 2024ύΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ŜƳǇƘŀǎƛǎ ƻƴ 

climate adaptation; however, it primarily addresses resilience through an environmental lens 

rather than a holistic framework that also accounts for inhabitant behaviour. While the 

Building Regulations Part F does not require MEV systems in all new homes in the UK, they 

are a common and increasingly recommended solution alongside natural ventilation 

strategies (HM Government, 2021). However, their effectiveness is contingent on proper use 

and maintenance in areas where inhabitants may require more structured support. 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ Ǝƻŀƭǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŀǎǎǳƳǇǘƛƻƴ ǘƘŀǘ ƛƴƘŀōƛǘŀƴǘǎ ǿƛƭƭ ǳǎŜ 

heating and ventilation controls as intended. These systems are deeply embedded in UK 

norms, yet the findings indicate that familiarity does not ensure active engagement. Looking 

from a practice theory perspective, the familiar energy systems and their institutionalised 

ǊǳƭŜǎ ŀƭƻƴŜ Ŏŀƴƴƻǘ ŜȄǇƭŀƛƴ ƛƴƘŀōƛǘŀƴǘǎΩ ŀŎǘƛƻƴǎ ǿƛǘƘƻǳǘ ǇǊŀŎǘƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎǎ ŀƴŘ ǎƘŀǊŜŘ 

skills (Schatzki, Knorr-Cetina and Savigny, 2001). When the design team introduce a new 

practice or a new technology, ǘƘŜȅ ǘƘƛƴƪ ƻŦ ƛǘ ŀǎ ŀ ΨƭŜŀǊƴƛƴƎ ŎǳǊǾŜΩ ŀƴŘ ƛƴ ǘƘƛǎ ǿŀȅ ǘƘŜȅ ƳŀƪŜ 

the inhabitants break their previous habits. Reflecting on practice theory, embodied habits 

are routinised practices of inhabitants; however, inhabitants need to know how to perform 

these practices by having the necessary skills (Gram-Hanssen, 2014; Shove, Watson and 
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Spurling, 2015). The design team assume that providing technical instructions will ensure 

ŎƻǊǊŜŎǘ ǳǎŀƎŜΣ ōǳǘ ŀŎǘǳŀƭ ǳǎŀƎŜ ǊŜƭƛŜǎ ƻƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ŜƴƎŀƎŜƳŜƴǘΦ 

This disconnect highlights a gap in knowledge between the inhabitants and the energy-

related controls; while technical information is accessible, it does not integrate into 

ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎΦ ¢Ƙƛǎ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ŜǾƛŘŜƴǘ ŀƳƻƴƎ ǘƘƻǎŜ ƻǾŜǊ тлΣ ǿƘƻ ǎǘǊǳƎƎƭŜ ǘƻ ǳǎŜ 

the energy controls due to a lack of familiarity with digital interfaces. Thus, it is not easy for 

them to break their embodied habits, accept change, learn new technologies, and adapt 

their practices. Consequently, usability challenges prevent the integration of energy systems 

ƛƴǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ Řŀƛƭȅ ǊƻǳǘƛƴŜǎΣ ǊŜǾŜŀƭƛƴƎ ŀ ŎǊƛǘƛŎŀƭ ƎŀǇ ƛƴ ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ƪƴƻǿ-how. The 

ŦƛƴŘƛƴƎǎ ƛƴŘƛŎŀǘŜ ŀ ŘƛǎŎƻƴƴŜŎǘ ōŜǘǿŜŜƴ ƛƴƘŀōƛǘŀƴǘǎΩ ƛƴƎǊŀƛƴŜŘ Ƙŀōƛǘǎ ŀƴŘ ƪƴƻǿ-how and the 

design intentions, highlighting the need for a more user-centred approach to resilient 

housing. 

The pandemic increased home occupancy, reinforcing embodied habits related to thermal 

comfort, especially among inhabitants over 50 who became more sensitive to indoor 

temperatures after recovering from the virus. Similarly, the energy crisis necessitated 

financial adjustments, leading to adaptations in heating behaviours, such as adopting time-

ōŀǎŜŘ Ƙŀōƛǘǎ όǊŜŦŜǊ ǘƻ wнрΩǎ ǎǘŀǘŜƳŜƴǘ ƛƴ {ŜŎǘƛƻƴ рΦпΦнύΦ Lƴ ƭƛƴŜ ǿƛǘƘ DǊŀƳ-IŀƴǎǎŜƴΩǎ όнлмлύ 

study about standby energy consumption, some of the inhabitants in this case study also 

mentioned that they reduce energy consumption in their homes by not leaving their energy-

related controls on standby. In the UK, home energy use fell by 14% in 2022 and continued 

to decrease in 2023 due to new energy efficiency measures and households reducing their 

Ψƴƻƴ-ŜǎǎŜƴǘƛŀƭΩ ŜƴŜǊƎȅ ǳǎŜ ό.ƻƭǘƻƴΣ нлнпύΦ .ȅ ŎƻƳǇŀǊƛǎƻƴΣ ǘƘŜ ŦƛƴŘƛƴƎǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǿƘƛƭŜ 

reducing non-essential energy use, the inhabitants also reduced their essential spending on 

energy through reduced use of heating by wearing thicker clothes instead. The need to 

balance financial limitations with thermal comfort highlights how external pressures 

influence engagement with heating systems, revealing the interaction between resilience, 

know-how and socio-technical interactions. 

Window usage practices further demonstrate the connection between know-how, 

engagement and resilience. Seasonal factors, household dynamics, and health needs affect 

ventilation habits, with inhabitants adapting their practices based on their implicit 

knowledge of thermal comfort. However, climate change is altering these embodied habits. 
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The UK Health Security Agency (2024) recommends closing windows during heatwaves, 

except when it is cooler outdoors. Effective window use, such as keeping the windows closed 

from 11am to 3pm during heatwaves, can affect indoor air quality and ventilation levels, 

contradicting ingrained habits of ventilation. In contrast, the findings reveal that inhabitants 

are largely unaware of the need to keep windows closed while the temperature is extremely 

high. This habit of opening windows during heatwaves, without being aware of potential 

risks, highlights the necessity for improved communication regarding ventilation practices. 

Reflecting on the practice theory perspective, a lack of awareness regarding the 

institutionalised knowledge about window opening prevents inhabitants from altering their 

habits during a heatwave (Gram-Hanssen, 2010). This, in turn, affects the indoor air quality, 

leaving the inhabitants unaware of the consequences of their actions. This underscores the 

need to convert expert guidance into accessible, actionable knowledge for inhabitants. This 

ƳƛƎƘǘ ŀƭǎƻ ƭŜŀŘ ǘƻ ŀ ΨŎƻƭƭŜŎǘƛǾŜ ƪƴƻǿ-ƘƻǿΩ ǿƘŜǊŜ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ ǇŜǊŦƻǊƳ ǘƘŜƛǊ ŜƴŜǊƎȅ-

related practices differently after they learn about the changing conditions or after being 

advised by another household member or the neighbourhood officer. 

The responsibility for using windows and room thermostats often falls to the inhabitants 

who spend the most time at home. Rather than merely consulting instructions, they gain 

understanding by adjusting settings, feeling temperature changes, and adapting to external 

conditions. Over time, this repeated engagement leads to embodied habits, where actions 

become ingrained in practices. Gram-Hanssen (2008) highlights that household routines can 

change and shape the use of everyday technologies. Consequently, the use of windows and 

room thermostats becomes integrated into the routines of those who are home more, 

shaping their know-how over time. In contrast, those who are present less may not engage 

with or adapt to changes in temperature and airflow, limiting their exposure to these 

practices (Larsen and Gram-Hanssen, 2020). As a result, responsibility tends to consolidate 

among those with more experience and confidence within the household. This points out 

how necessity builds a form of know-how, builds confidence, and puts the inhabitant with 

the know-how in charge.  

The next section focuses on institutionalised knowledge and rules, and discusses how 

ǇƻƭƛŎƛŜǎ ƳƛƎƘǘ ŀŦŦŜŎǘ ǘƘŜ ƘƻƳŜΩǎ ŦǳƴŎǘƛƻƴƛƴƎ ŀƴŘ Ƙƻǿ ǘƘƛǎ ǊŜƭŀǘŜǎ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-

related practices in relation to resilience. 
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7.2.3 Institutionalised Knowledge and Rules, and Their Nexus with Robustness, Adaptation 

and Redundancy 

Examining the energy-related practices of inhabitants reveals that households who are 

aware of the trickle vents keep them open for fresh air, especially after cooking. This 

ventilation practice aligns with the current policy on ventilation, as explained in Section 2.7. 

The requirement that the inhabitants must follow is to keep the background ventilation (e.g., 

trickle vents) open for continuous ventilation within the home (HM Government, 2021b). 

Thus, we see that the inhabitants who are aware of the trickle vents follow this regulation, 

but those who are unaware of the trickle vents leave them closed, so they do not comply 

with this requirement. Therefore, it is challenging for some inhabitants to understand and 

follow the guidance according to this research. Reflecting on the practice theory perspective, 

know-how in performing energy-related practices is something that inhabitants learn (Larsen 

and Gram-Hanssen, 2020). Therefore, inhabitants who are aware of trickle vents and their 

role in ventilation are more likely to integrate their use into daily routines, especially after 

activities like cooking. Their practice aligns with policy expectations, demonstrating how 

institutionalised knowledge (e.g., building regulations) can translate into embodied 

practices. However, those unaware of trickle vents do not engage with them, so the vents 

remain closed and ventilation regulations are unknowingly disregarded. This significant point 

highlights that awareness and then know-how are prerequisites of effective utilisation and 

therefore of resilience. 

During a heatwave, the UK Health Security Agency (2024) advises keeping windows closed 

unless the outdoor temperature is cooler than the indoor environment temperature. The 

building regulations set out by HM Government (2021a) state that home user guides should 

include a section that tells inhabitants how to stay cool in hot weather in a very clear and 

non-technical way (refer to Section 2.7). However, the document review conducted by the 

researcher found that the home user guide did not include this section because the housing 

development was built in 2016, which was before this section within the regulations came 

into effect in 2022. Consequently, inhabitants are unaware of this guidance and do not have 

this specific institutionalised knowledge. Therefore, rather than following the UK Health 

{ŜŎǳǊƛǘȅ !ƎŜƴŎȅΩǎ ŀŘǾƛŎŜ ǘƻ ƪŜŜǇ ǿƛƴŘƻǿǎ ŎƭƻǎŜŘ ŘǳǊƛƴƎ ƘŜŀǘǿŀǾŜǎΣ ƛƴƘŀōƛǘŀƴǘǎ ŎƻƴǘƛƴǳŜ 

their existing habit of opening windows to increase ventilation (refer to Section 7.2.2). This 
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reflects a broader theme in practice theory, where inhabitants do what is familiar and 

embodied, and they often perform these actions unconsciously (Gram-Hanssen, 2014). 

Therefore, if inhabitants are unaware of new overheating strategies (e.g., keeping windows 

closed during extreme heat), they are unlikely to change their practices without explicit 

intervention. This point highlights that inhabitants do not simply follow institutional rules 

automatically; rather, they must engage with new knowledge through practice, social 

interaction and technological experiences. 

When comparing housing typologies, some of the homes do not have windows in their 

bathroom (e.g., H9) and the only options to ventilate this wet room are using extract fans or 

keeping doors open during and after using the shower. However, the data analysis in Section 

6.3.1 reveals that most inhabitants find extract fans inefficient in increasing the air flow in 

their bathroom, making it challenging for homes without bathroom windows. Consequently, 

the housing typologies without windows in their bathrooms are not robust, as their 

bathroom ventilation systems do not perform as designed due to the lack of windows and 

inefficiency of extract fans. This problem is also related to the design team, and highlights 

their unawareness of the challenges that inhabitants face in terms of their ventilation 

controls. Therefore, the disconnect between maintenance practitioners and inhabitants 

hinders effective ventilation practices and, in turn, know-how (Brierley, 2021). If these 

ƻǇǘƛƻƴǎ Řƻ ƴƻǘ ǿƻǊƪ ǿŜƭƭΣ ǘƘŜȅ ǿƛƭƭ ŀŦŦŜŎǘ ǘƘŜ ŀƛǊ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ǊƻƻƳ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ƘŜŀƭǘƘΣ 

according to National Institute for Health and Care Excellence (2020). In this regard, having 

an extract fan that works efficiently is crucial for the air quality of wet rooms without 

openable windows. This is supported by the policy context explained in Section 2.7, which 

states extract fans should continue to ventilate for at least 15 minutes after the room is 

vacated (HM Government, 2021b). Resilience in this context is about having a ventilation 

ŎƻƴǘǊƻƭ ǘƘŀǘ ǇŜǊŦƻǊƳǎ ǿŜƭƭ ŜƴƻǳƎƘ ǘƻ ōŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ǊƻǳǘƛƴŜǎΣ ƻǘƘŜǊǿƛǎŜ 

inhabitants have to adapt their practices by using alternative equipment.   

The analysis in Section 6.5.2 highlights that some inhabitants face accessibility issues when 

they need to use the ventilation equipment, such as the extract fans, and they have to wait 

for another household member to operate them. Resilient social housing is housing that can 

respond to social changes and extreme disruptions (Pablo, Littleton and London, 2024). In 

this regard, having accessible heating and ventilation controls is crucial because, if there is a 
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sudden social change such as a disability or the need to accommodate an elderly family 

member, the social housing needs to be robust and continue performing its energy-related 

functions. This requirement is supported by the Building Regulations Approved Document F 

(HM Government, 2021b) and explained in Section 2.7, which states background ventilation 

controls such as extract fans should be accessible and easy to reach. Both the design team 

ŀƴŘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎ ƛƴ ǘƘƛǎ ŎŀǎŜ ǎǘǳŘȅ ŀǊŜ ŎƻƴŦƛŘŜƴǘ ƛƴ ǘƘŜ ŘŜǎƛƎƴΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻǇŜ ǿƛǘƘ 

sudden social changes, such as a sudden disability in the household. The design team 

ŎƻƴǎƛŘŜǊŜŘ .ǳƛƭŘƛƴƎ wŜƎǳƭŀǘƛƻƴ tŀǊǘ aΥ Ψ!ŎŎŜǎǎ ǘƻ ŀƴŘ ǳǎŜ ƻŦ ōǳƛƭŘƛƴƎǎΩ όIa DƻǾŜǊƴƳŜƴǘΣ 

2016b) in their designs and implemented these standards in some of the flats in the social 

housing case study, accommodating adaptations to social changes like mobility issues or 

elderly relatives moving in. In addition, during Covid, the presence at home increased as 

household members started working and studying at home more, highlighting the need to 

plan for more flexible housing typologies with more flexible places for work or study and 

design features that provide more natural ventilation, as noted by the design team in the 

analysis, see Section 6.2.  

The next section focuses on the engagements and interactions within the household 

members and their engagements with the heating and ventilation controls.  

7.2.4 Engagements and Their Nexus with Robustness, Adaptation and Redundancy 

This study examines engagements among household members (e.g., discussions) and 

ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘǎ ǿƛǘƘ ǘƘŜƛǊ ŜƴŜǊƎȅ-related controls (e.g., technologies). These 

ŘƛǎŎǳǎǎƛƻƴǎ ŀǊŜ ǎŜŜƴ ŀǎ ŀ ōŜƘŀǾƛƻǳǊŀƭ ŦŀŎǘƻǊ ƛƴ ƛƴƘŀōƛǘŀƴǘǎΩ ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ ǳǎƛƴƎ ǘƘŜƛǊ 

heating and ventilation systems (Steemers and Yun, 2009). In this study, social relations are 

ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ŀǎ ΨŘƛǎŎǳǎǎƛƻƴǎΩ ōŜǘǿŜŜƴ ƛƴƘŀōƛǘŀƴǘǎ ǿƘŜƴ ŘŜŎƛŘƛƴƎ ƻƴ ǘƘŜƛǊ ƘŜŀǘƛƴƎ ŀƴŘ 

ventilation practices, and how these reflect resilience.  

In this case study, most inhabitants discuss with each other when deciding to use the 

heating controls. However, they do not engage in discussions when using the boiler due to 

the lack of knowledge about how to change the temperature, or how to fix it if it breaks 

down. The lack of discussion regarding boiler use points a gap in competences where 

inhabitants do not have the knowledge required to adjust or fix the boiler, making it an 
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individual rather than a collective practice (Shove, Pantzar and Watson, 2012). This aligns 

ǿƛǘƘ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅΩǎ ŜƳǇƘŀǎƛǎ ƻƴ ǘƘŜ ǊƻƭŜ ƻŦ ŎƻƳǇŜǘŜƴŎŜǎ ƛƴ ǎƘŀǇƛƴƎ ŀŎǘƛƻƴǎΦ  

In contrast, the use of the room thermostat is a shared decision in most of the households 

that is made through discussions with each other, as indicated in Section 5.4.1. Additionally, 

this increase in communication reflects social change, as the inhabitants started to discuss 

the thermostat more when they tried to be more careful due the energy crisis and concerns 

over energy bills. Some households (e.g., H9, H12, H13) have established a habitual practice 

of using the room thermostat to turn the heating on for short periods, showing that their 

engagement with it is structured around balancing comfort with financial constraints. This 

shared decision between the inhabitants can also be described as collaboration in practices, 

where inhabitants actively participate in decision-making, which is significant for the 

development of routines (Gram-Hanssen, 2008; Hammond, 2018). This finding suggests that 

room thermostats are embedded in everyday inhabitant habits, and discussions enable 

collective decision-making. Additionally, the increased frequency of discussions about 

heating during Covid-19 and the energy crisis highlights how external disruptions can 

reshape energy-related practices, revealing their adaptability in response to changing socio-

economic conditions. 

The discussion of ventilation controls highlights a recurring theme, which is the gap between 

intended functionality and actual engagement. Most inhabitants do not discuss with each 

other when they need to use the windows, trickle vents or extract fans; each household 

member does their own thing. Extract fans, for instance, are designed to operate 

automatically or manually, yet inhabitants lack confidence in their effectiveness because 

they do not work efficiently and do not significantly improve air circulation. As a result, the 

inhabitants prefer to open the windows, relying on familiar routines as a practical 

consciousness that can provide safety and comfort (Warde, 2005). This interaction with 

windows is highlighted as a sophisticated behaviour that significantly influences building 

energy performance (Park, An and Jeong, 2023). Older inhabitants (those over 70) exemplify 

this issue, as they prefer using windows over extract fans due to embodied habits, 

highlighting that technological interventions have not been successfully integrated into their 

habitual practices. This suggests that when the technological interventions are not 
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understandable or do not work efficiently, inhabitants tend not to use them and they are not 

reflected in their practical consciousness. 

Discussions about and taking charge of the heating and ventilation controls are important 

aspects in this research for understanding whether the inhabitants communicate with each 

other and whether they adapt their actions as a result of household discussions, reflecting 

resilience in relation to social change. The next section focuses on the relationship between 

ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices, their understandings of the 

technologies, and how they implement or change their practices in relation to resilience. 

7.2.5 Technologies and Their Nexus with Robustness, Adaptation and Redundancy 

In this study, technologies are considered as the products, things and controls, that often 

drive change and the emergence of new routines. As Gram-Hanssen (2008) argues, new 

technologies always demand changes in routines, and all of the technologies in our homes 

(such as washing machines, fridges, etc.) have gone through the phases of being new for the 

inhabitants before becoming embedded in daily life over time. 

In this case study, the housing association employs neighbourhood officers who visits the 

ƘƻƳŜǎ ƳǳƭǘƛǇƭŜ ǘƛƳŜǎ ŀ ȅŜŀǊ ǘƻ ƭƛǎǘŜƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŎƻƴŎŜǊƴǎ ƻǊ ǿŀƴǘǎΦ ¢Ƙƛǎ ŎǊŜŀǘŜǎ ŀ ŦƻǊƳ 

of a bridge between the inhabitants and the housing association. However, despite these 

visits, many inhabitants still struggle to use the energy-related controls, leading them to rely 

on established routines rather than adopting these systems. This reliance is particularly 

evident among older inhabitants (those over 70), who struggle with technical interfaces and 

instead continue their embodied habits, such as opening the windows rather than using 

extract fans. Similarly, those unfamiliar with the heating programmers prefer to use manual 

operation, which is an ingrained heating practice for the inhabitants. These ingrained habits 

can change or develop when inhabitants gain the necessary skills and are exposed to these 

practices (Heidenstrøm and Kvarnlöf, 2018; Larsen and Gram-Hanssen, 2020). From a 

practice theory perspective, these challenges underscore how know-how, technologies and 

embodied habits shape household energy practices (Gram-Hanssen, 2010). The 

unawareness of trickle vents, despite the availability of a home user guide, highlights that 

simply providing information is insufficient. Knowledge must be embedded into practice 



 160 

through direct engagement and the acquired knowledge must be implemented through 

guidance. Thus, in this case study, more collaboration and engagement between the design 

team and the inhabitants is needed to improve the know-how and understanding of the 

technologies within the homes. This aligns with Andersen et al. (2022), who emphasise the 

importance of involving future users in new technological processes to ensure they can be 

incorporated successfully into household practices. Therefore, mere exposure to new 

technologies is insufficient; inhabitants need hands-on engagement and tailored guidance to 

understand and turn technical knowledge into practical know-how.  

Alternative heating controls and their relation with know-how and embodied habits are 

ǎƛƎƴƛŦƛŎŀƴǘ ǿƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ΨǘƘƛƴƎǎΩ όŜΦƎΦΣ ǘŜŎƘƴƻƭƻƎƛŜǎύ ŀǾŀƛƭŀōƭŜ ŦƻǊ 

ƛƴƘŀōƛǘŀƴǘǎΩ ƘŜŀǘƛƴƎ ŀƴŘ ǾŜƴǘƛƭŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎ ƛŦ ŀ ǎǇŜŎƛŦƛŎ ŎƻƴǘǊƻƭ Ŧŀƛƭǎ ό{ǘŜǾŜƴǎƻƴΣ .ŀōƻǊǎƪŀ-

Narozny and Chatterton, 2016; Stevenson, 2019). Inhabitants adopt alternative methods to 

maintain comfort, particularly when systems fail or work inefficiently. This adaptive 

behaviour reflects a form of resilience, as inhabitants provide themselves solutions such as 

using kettles for hot water, portable heaters for space heating, dehumidifiers to remove 

excess moisture, or even leaving ovens open. Notably, the inhabitants who are under 70 

tend to combine using both extract fans and windows to increase air circulation due to 

extract fans not working efficiently, demonstrating a more adaptive engagement with 

ventilation controls. The family with children also integrates multiple strategies to maintain 

air circulation and do not rely only on extract fans, reinforcing the notion that demographic 

factors influence how energy practices evolve.   

The policy regarding overheating emphasises that before using any mechanical cooling 

system (e.g., portable air conditioning units), housing should meet the requirements through 

passive means of ventilation, such as windows and extract fans (HM Government, 2021a). 

However, the study highlights dissatisfaction with extract fans, leading some of the 

inhabitants to seek additional means of ventilation control to enhance air circulation, such 

as portable air conditioning units. Wright and Venskunas (2022) argue that using solar 

shading and natural ventilation systems will be required to reduce overheating considerably, 

as there will be a large increase in overheating by the 2080s due to climate change. The 

ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŜŦŜǊŜƴŎŜ ǘƻ ƴƻǘ ōǳȅ ŀƴ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎ ǳƴƛǘ ƛǎ ƻŦǘŜƴ ŘǳŜ ǘƻ ǘƘŜƛǊ ŜŎƻƴƻƳƛŎ 
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constraints and rising energy bills. In this regard, having effective alternative passive means 

of ventilation and properly working ventilation controls are crucial.  

Additionally, redundancy is a key driver and a crucial factor for resilience (Stevenson, 2019). 

Some inhabitants expressed concerns about extreme situations like power failures during 

the energy crisis, particularly elderly inhabitants who rely on electricity for medical needs, or 

increased usage of energy-related systems due to increased occupancy levels. Given the 

increasing frequency of extreme events like the global energy crisis, pandemics and climate-

change-related disruptions, the ability to maintain essential energy services is becoming 

crucial (International Energy Agency, 2022a). Stevenson, Baborska-Narozny and Chatterton 

(2016) emphasise that redundancy in housing design is essential to mitigate such risks. 

However, financial constraints often prevent housing associations from incorporating backup 

systems, as the design team mentioned, such as renewable energy generators. This 

highlights a conflict between economic limitations and the necessity for resilient housing 

design. 

When the design team evaluated the estimated energy use of the housing, they did not 

estimate the potential energy consumption effects of extra equipment that the inhabitants 

might provide themselves if a system fails. According to National Energy Action (2023), 

supplementary heating equipment like fan heaters are among the highest electricity 

consuming appliances in the home. Thus, inhabitants using extra heating equipment will 

likely have a higher energy consumption than estimated by the design team. This links back 

to know-how and habits of inhabitants, because understanding how the energy-related 

systems work and implementing this learning process in their practices can impact energy 

use within their homes (Hansen, Gram-Hanssen and Knudsen, 2018). Proper knowledge 

could reduce the need for alternatives, but if issues are related to maintenance or power 

failure due to extreme events, institutional support is necessary to provide backup options.  

The following section provides guidance on how to future-proof social housing based on the 

findings.   
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7.3 Future-proofing Social Housing 

Future proofing in this context refers to ensuring that energy-related systems and social 

housing are robust, offer redundancy and are adaptable to allow maximum inhabitant 

engagement. As the study of Georgiadou, Hacking and Guthrie (2013) mentions, to minimise 

the need for future energy-ǎŀǾƛƴƎ ŀŎǘƛƻƴǎΣ ōǳƛƭŘƛƴƎǎ ǎƘƻǳƭŘ ōŜ ΨŦǳǘǳǊŜ-ǇǊƻƻŦŜŘΩ ōȅ 

integrating durability, flexibility, technology-readiness and adaptability to changing 

inhabitant practices.  

A crucial consideration when future-proofing social housing is how social and technological 

structures ƛƴŦƭǳŜƴŎŜ ƛƴƘŀōƛǘŀƴǘǎΩ daily practices and routines. It is also critical to understand 

how energy is used to carry out or change social practices (Pullinger, Lovell and Webb, 2014; 

Hansen, Gram-Hanssen and Knudsen, 2018). Social changes have reshaped heating and 

ventilation practices, with different age groups having varying energy-related practices, 

especially during extreme conditions such as the Covid-19 pandemic. Although this study 

was not initially designed to investigate extreme situations like Covid-19 and the concurrent 

energy crisis, these circumstances provided valuable insights into how future extreme 

ǎƛǘǳŀǘƛƻƴǎ ƳƛƎƘǘ ƛƳǇŀŎǘ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ ǇǊŀŎǘƛŎŜǎΦ 

Material arrangements, such as building characteristics and technologies, influence 

inhabitants to reconfigure their energy-related habits (Hansen, Gram-Hanssen and Knudsen, 

2018; Shove, 2018). Lƴ ǘƘƛǎ ŎŀǎŜ ǎǘǳŘȅΣ ǾŀǊƛƻǳǎ ŦŀŎǘƻǊǎ ǎƘŀǇŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƘŀōƛǘǎΣ ƛƴŎƭǳŘƛƴƎ 

housing typology and age. For instance, inhabitants over 70 who live on the ground floor 

tend to use their heating more frequently, as they often feel colder than those under 70 and 

because the ground-floor flats are generally colder than those on upper floors as cold air 

entering the doorway remains at lower levels and does not rise. Furthermore, those on the 

ground floor have different habits in their use of doors and heating systems compared with 

first-floor inhabitants. To improve resilience in future social housing developments, 

incorporating design features like foyers could help reduce heat loss when the entrance 

doors are opened. 

Another future-proofing measure involves revising or recommending housing and energy 

policies. Bartiaux et al. (2014) argue that energy policy recommendations can be made by 

enriching the components of practices through linking doings (practical actions) and sayings 
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(understandings) while strengthening the engagement between these components. As 

climate change leads to more frequent heatwaves in the UK, developing combined strategies 

with the social housing association and inhabitants is essential (refer to Section 7.2.3). These 

combined strategies could include better guidance from the design team to inform and 

guide inhabitants on the impacts of opening windows during heatwaves. While guiding the 

inhabitants, the social housing association must also provide solutions that improve air 

quality in homes and reduce the risk of overheating. It is crucial for the inhabitants to 

understand the potential effects of heatwaves and follow the guidance by adapting their 

practices according to changes in their institutionalised knowledge. Given the rising 

temperatures in the UK (UK Health Security Agency, 2024), home user guides should be 

updated for homes built before 2022, and homeowners or housing associations should be 

informed of these changes.  

Ventilation policies also need to be reconsidered in the light of climate change. According to 

Approved Document F and BS 5925, purge ventilation can be achieved with single-sided 

ventilation when there is a 3°C temperature difference between indoor and outdoor air (HM 

Government, 2021b). Given the changing climate and its effects, such as heatwaves, this 

policy needs to give inhabitants a clear understanding of when to open their windows. Policy 

recommendations are detailed in, Section 8.4.1. 

Educating and communicating with both the design team and inhabitants is another strategy 

for future-proofing. Establishing educational programmes and training activities could 

ƛƴǘŜƎǊŀǘŜ ŀƴŘ ƛƳǇǊƻǾŜ ōƻǘƘ ǘƘŜ ǇǊƻŦŜǎǎƛƻƴŀƭǎΩ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŀƭ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ 

potential renewable heating and ventilation equipment. This is significant because it will 

ƛƴŦƻǊƳ ŘŜǎƛƎƴŜǊǎ ŀōƻǳǘ ƛƴƘŀōƛǘŀƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƎǳƛŘŀƴŎŜ ǇǊƻǾƛŘŜŘ όaŀǎƭƻǾŀ 

and Burgess, 2023), and offer inhabitants the opportunity for hands-on engagement with 

energy-related systems alongside professionals. Community learning projects supported by 

the social housing association or local authorities could also enrich this knowledge. Such 

initiatives could improve communication and collaboration between the design team and 

ƛƴƘŀōƛǘŀƴǘǎΣ ǇƻǎƛǘƛǾŜƭȅ ƛƴŎǊŜŀǎƛƴƎ ƛƴƘŀōƛǘŀƴǘǎΩ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ 

of their understanding, as mentioned in Section 7.2.4. 
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Regular POEs should also be conducted every few years to assess ongoing challenges related 

ǘƻ ƘŜŀǘƛƴƎ ŀƴŘ ǾŜƴǘƛƭŀǘƛƻƴΦ th9 ƛƴŎƭǳŘŜǎ ƛƴƘŀōƛǘŀƴǘǎΩ ŜȄǇŜǊƛŜƴŎŜǎ ŀƴŘ ǘƘŜƛǊ ǎŀǘƛǎŦŀŎǘƛƻƴ ǿƛǘƘ 

their homes, providing deeper insights into the problems they face, including those affecting 

air quality (Federal Facilities Council, 2001; Maslova and Burgess, 2023). Therefore, a 

strategy needs to be developed to ensure social housing associations collaborate more 

closely with households and conduct evaluations of heating and ventilation systems more 

frequently. These evaluations could also help address maintenance issues such as boiler 

malfunction and ineffective extract fans. As a result, inhabitants would not have to 

compensate for system failures, meaning any increase in energy bills would be due to 

national price increases rather than inefficient energy use.  

Finally, incorporating redundancy into social housing design by integrating backup systems 

within homes is a critical future-proofing measure (Stevenson, 2019). In this case study, 

particularly concerning know-how and embodied habits, most inhabitants provide their own 

alternatives rather than rely on the housing association. Inhabitants often buy themselves 

alternative equipment as a backup and, even when there is no problem, they feel safer 

having extra equipment (e.g., portable heaters, portable air conditioning units, 

dehumidifiers) just in case the heating or ventilation system fails. This demonstrates how 

inhabitants enhance the redundancy of their homes to promote norms of comfort and 

usability (Shove and Trentmann, 2018). Ensuring that social housing includes built-in 

redundancy, particularly for vulnerable inhabitants, is crucial in the face of increasing 

extreme events like power cuts. Alternative systems, such as solar backup generators and 

solar panels, could enhance resilience. The architect from the design team noted that, 

although renewable-energy-powered backup generators were often integrated into newly 

built homes, they had been excluded from this case study due to budget constraints. 

Therefore, UK social housing associations should allocate additional funding for renewable-

energy-powered backup systems to mitigate the impact of future extreme events. 

7.4 Summary  

¢ƘŜ ŘƛǾŜǊǎŜ ǇǊŀŎǘƛŎŜǎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎ ŀƴŘ ǘƘŜ ŘŜǎƛƎƴ ǘŜŀƳΩǎ ƛƴǘŜƴǘƛƻƴǎ ǊŜƭŀǘƛƴƎ ǘƻ ƘŜŀǘƛƴƎ ŀƴŘ 

ventilation were analysed in Chapters 5 and 6 in terms of resilience. In this chapter, all these 

findings have been discussed with reference to practice theory and the resilience drivers, 
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from which the researcher developed the resilience and practice theory framework diagram 

(see Figure 7.1) as an analytical tool to synthesise the evidence from Chapters 5 and 6. 

Some key points were highlighted in this discussion chapter. The first point discussed is 

institutionalised knowledge and awareness, which highlights how the ƛƴƘŀōƛǘŀƴǘǎΩ ƭŀŎƪ ƻŦ 

awareness of energy-ǊŜƭŀǘŜŘ ŎƻƴǘǊƻƭǎ όŜΦƎΦΣ ǘǊƛŎƪƭŜ ǾŜƴǘǎύ ƻǊ ōǳƛƭŘƛƴƎ ǊŜƎǳƭŀǘƛƻƴǎΩ ƎǳƛŘŀƴŎŜ 

about not opening windows during heatwaves affects resilience in social housing (refer to 

Sections 7.2.2 and 7.2.3). This underscores that resilience can be achieved by awareness 

and, in turn, know-how. 

Another point to highlight from the discussion chapter is about breaking the learning curve 

and actual inhabitant understandingΦ ¢Ƙƛǎ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ 

heating and ventilation controls that are seen as the norms in the UK by the design team, 

and how the design team assume inhabitants can easily break their existing habits by 

learning to use new technologies. This underscores a significant gap between the design 

ǘŜŀƳΩǎ ŀǎǎǳƳǇǘƛƻƴǎ ƻŦ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƪƴƻǿ-how and their actual practices (refer to Section 

7.2.2).   

Practical knowledge and implementation is another key point highlighted in the discussion 

(refer to Section 7.2.2). Despite having neighbourhood officers and home user guides, 

inhabitants still find it challenging to use some of the energy controls (e.g., heating 

programmers, extract fans) due to lack of practical knowledge. Therefore, resilience can be 

achieved by offering hands-on engagement opportunities and guidance to help the 

inhabitants gain practical knowledge and implement this knowledge into their practices. 

Another key point discussed in this section is how necessity builds know-how. Inhabitants 

who spend most of their time at home gain know-how by engaging with energy-related 

controls, which then becomes ingrained in their practices. This highlights how necessity 

builds a form of know-how and confidence that gives responsibility to the inhabitant who 

has this practical knowledge (refer to Section 7.2.2). 

Discussions as shared decisions is another significant point discussed in this section (refer to 

{ŜŎǘƛƻƴ тΦнΦпύΦ LƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ƘŀǇǇŜƴ ǿƘŜƴ ǘƘŜȅ ŘŜŎƛŘŜ ǘƻ ǳǎŜ ǘƘŜ ǊƻƻƳ 

thermostat, and this shared decision is structured around indoor thermal comfort and 
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ŦƛƴŀƴŎƛŀƭ ŎƻƴǎǘǊŀƛƴǘǎ ŘǳŜ ǘƻ ǘƘŜ ŜƴŜǊƎȅ ŎǊƛǎƛǎΦ ¢Ƙƛǎ ǎƛƎƴƛŦƛŎŀƴǘ ŦƛƴŘƛƴƎ ǊŜǾŜŀƭǎ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ 

ability to adapt to external disruptions via discussion. 

The inhabitants tend to have additional alternatives when they think that the heating and 

ventilation systems do not meet their needs or if they want a backup option; however, these 

alternatives are not provided by the design team (refer to Section 7.2.5). This shows that 

designing redundancy into social housing is an opportunity to increase its resilience, so that 

it can continue performing even if the heating or ventilation system fails. 

Lastly, Section 7.3 highlights insights on future-proofing social housing by suggesting actions 

that should be taken when designing resilient housing. 
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CHAPTER 8. CONCLUSION 

8.1 Introduction 

The aim of this study was to explore and understand robustness, adaptation and redundancy 

ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices in the household. Chapter 1 identified 

ǘƘŀǘ ƘƻǳǎƛƴƎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ ƛƴǾŜǎǘƛƎŀǘŜŘ ƛƴ ŜȄƛǎǘƛƴƎ 

ǎǘǳŘƛŜǎΣ ŀƴŘ ǘƘŜ ƴŜȄǳǎ ōŜǘǿŜŜƴ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ƻŦ 

energy-related practices remains largely implicit. 

Chapter 2 reviewed the existing literature on resilience and post-occupancy housing studies, 

including previous research and government documents. This chapter highlighted the 

research gap, presented the search strategy in Table 2.1, and summarised key representative 

studies on resilience in the UK over the last 10 years in Table 2.2. It was noted that no 

existing study has simultaneously focused on robustness, adaptation and redundancy. This 

chapter also achieved Objective 1 by describing the opportunities for and barriers to 

resilient social housing in the UK. 

Chapter 3 outlined the research approach and introduced the practice theory framework 

that is adopted in this research. The practice theory approach was chosen because it 

combines various individual human and non-human aspects that other epistemologies focus 

on and reveals how these aspects interact through practice as a nexus, as explained in 

Section 3.2. This chapter also explained how Gram-IŀƴǎǎŜƴΩǎ όнлмлύ ǇǊŀŎǘƛŎŜ ǘƘŜƻǊȅ 

approach could identify underlying factors of resilience in social housing and uncover hidden 

inhabitant practices that influence the resilience of social housing in the UK. 

/ƘŀǇǘŜǊ п ŜǎǘŀōƭƛǎƘŜŘ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ōŀǎƛǎ ŦƻǊ ǘƘƛǎ ǎǘǳŘȅΩǎ ŀǇǇǊƻŀŎƘΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ 

question guiding this study was: How can social housing performance be future-proofed 

ǘƘǊƻǳƎƘ ŀ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ƛƴ ǘƘŜ ƘƻƳŜΣ ƛƴ ǘŜǊƳǎ ƻŦ 

robustness, redundancy and adaptation within resilience over time? The underlying sub-

questions focus on understanding: (1) the main opportunities and barriers to resilient social 

housing in the UK; (2) the underlying factors of robustness, adaptation and redundancy in 

these housing developments; (3) how inhabitants discuss their energy-related practices 

within the household and how this interfaces with resilience; (4) how social housing can be 



 168 

future-ǇǊƻƻŦŜŘ ǘƻ ōŜŎƻƳŜ ƳƻǊŜ ǊŜǎƛƭƛŜƴǘ ƻǾŜǊ ǘƛƳŜΦ DƛǾŜƴ ǘƘŜ ŜƳǇƘŀǎƛǎ ƻƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ 

energy-related practices in terms of accommodating social changes and how their energy-

related practices change over time or in the face of extreme events, a case study approach 

was adopted to understand these processes within a particular setting. 

/ƘŀǇǘŜǊǎ р ŀƴŘ с ǇǊŜǎŜƴǘŜŘ ǘƘŜ ǎǘǳŘȅΩǎ ŦƛƴŘƛƴƎǎ ŀƴŘ ŀƴŀƭȅǎƛǎ ǊŜƎŀǊŘƛƴƎ ƘŜŀǘƛƴƎ ŀƴŘ 

ventilation systems, respectively. Objective 2 was achieved by exploring the underlying 

factors of resilience in terms of these systems from both the inhabitant and design team 

perspectives. These chapters also explored how inhabitants discuss and collaborate about 

their practices within their households (Objective 3). 

Chapter 7 discussed these findings, and linked the three drivers of resilience (robustness, 

adaptation and redundancy) and practice theory elements together by using the resilience 

matrix developed by the researcher. This chapter achieved Objective 4 by identifying key 

insights for future-proofing social housing considering resilience and inhabitant practices.  

This chapter summarises the outcomes of this study and goes into more detail to answer 

ǘƘŜ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴǎΦ ¢ƘŜ ŎƘŀǇǘŜǊ ǘƘŜƴ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ǎǘǳŘȅΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜƻǊȅΣ 

ƪƴƻǿƭŜŘƎŜΣ ǇƻƭƛŎȅ ŀƴŘ ǇǊŀŎǘƛŎŜΦ CƛƴŀƭƭȅΣ ǘƘƛǎ ŎƘŀǇǘŜǊ ŎƻƴǎƛŘŜǊǎ ǘƘŜ ǎǘǳŘȅΩǎ ƭƛƳƛǘŀǘƛƻƴǎ ŀƴŘ 

opportunities for further research.       

8.2 Key Research Findings in Relation to the Research Questions 

8.2.1 Research Question 1 

What are the main opportunities and barriers for designing robust, adaptable and 

redundant social housing in the UK? 

To answer this research question, data were gathered by exploring the state of the art of the 

topic through an extensive literature review (Objective 1). The key research findings are 

summarised as follows: 

1- Robust housing design: One of the opportunities provided by a resilient housing design 

is the ability to withstand environmental disruptions. A robust housing design is essential 

for energy-related systems to continue functioning despite external factors such as the 

energy crisis and heatwaves. The findings suggest that integrated passive design 
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strategies (e.g., cross-ventilation, improved ventilation systems, proper insulation) and 

future-proofing measures to maintain liveable conditions during external disruptions 

provide opportunities for resilient social housing. 

2- Demographic considerations and health benefits: Another opportunity for designing 

resilient social housing is adapting homes for social change. By 2039, over 70% of 

households will include at least one person aged 60 or older (Chenari et al., 2016; 

Copeman and Beech, 2022). Therefore, resilient social housing that prioritises improved 

air quality and temperature regulation presents an opportunity for the ageing population 

in social housing. 

3- Integration of smart and resilient energy systems: Incorporating smart energy systems 

into social housing can provide real-time information on energy usage, enhancing energy 

efficiency (Office for National Statistics, 2023b). However, these smart energy systems 

present an opportunity only if they are usable and understandable for inhabitants. If 

these systems are not user-friendly, they may lead to issues within the home, such as 

inhabitants struggling to use the smart energy systems correctly. This could create a 

disparity between the intended design and the actual usage, highlighting a critical design 

challenge. 

4- Lack of inhabitant knowledge about resilient energy systems: One major barrier is the 

lack of inhabitant knowledge of and engagement with new energy technologies. This can 

lead to misuse, inefficiency and reduced effectiveness of energy-saving systems. This 

underscores the importance of inhabitant understanding in achieving the intended 

performance outcomes. 

5- Financial constraints: Social housing providers face pressure to manage rising 

operational costs, including higher energy prices, while dealing with reduced funding and 

financial challenges to meet decarbonisation goals (House of Commons Levelling Up, 

Housing and Communities Committee, 2024). Additional financial pressures, such as 

addressing delayed repair costs from the Covid-19 pandemic and supporting vulnerable 

ƛƴƘŀōƛǘŀƴǘǎΣ ƘƛƴŘŜǊ ƘƻǳǎƛƴƎ ŀǎǎƻŎƛŀǘƛƻƴǎΩ ŀōƛƭƛǘȅ ǘƻ ƛƴǾŜǎǘ ƛƴ ǊŜǎƛƭƛŜƴǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǿƘƛŎƘ 

presents another barrier to developing resilient social housing designs. 
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6- Need for redundancy: The encouragement to design resilient homes that use smart 

energy systems introduces new challenges for redundancy. The failure of one single 

component could result in a total system failure in smart energy systems, creating a 

significant barrier. This finding suggests that social housing design needs backup systems 

to ensure continued functionality in the event of mechanical failures, thereby enhancing 

resilience. 

8.2.2 Research Question 2  

What are the underlying factors of robustness, adaptation and redundancy in social 

housing developments? 

Answering this question relied on reviewing documents from the social housing association 

and analysing data collected from the design team and inhabitants (Objective 2). The data 

gathered from the design team and inhabitants were compared to understand the design 

intentions and the underlying factors of resilience within the case study. The key findings 

regarding the underlying factors of resilience drivers in social housing include: 

1- Breaking the learning curve with new technologies: This is one of the significant 

findings from the design team interviews. They stated that the heating and ventilation 

systems used in this case study are the norm in the UK, so they assumed that the 

inhabitants living in these homes would understand how these systems operate. 

Therefore, when new technologies are introduced in homes, they introduce a new way 

of practice, which the design team view as a learning curve by breaking the previous 

habits. However, this study also found that some inhabitants struggle to use the heating 

and ventilation controls because they do not understand them or they are unable to 

implement their understanding into their practices, contrary to the design teamΩǎ 

characterisation of ǘƘŜǎŜ ŎƻƴǘǊƻƭǎ ŀǎ ΨƴƻǊƳǎΩ ƛƴ ǘƘŜ ¦YΦ  

2- LƴƘŀōƛǘŀƴǘǎΩ ǳƴŀǿŀǊŜƴŜǎǎ ƻŦ ƛƴǎǘƛǘǳǘƛƻƴŀƭƛǎŜŘ ƪƴƻǿƭŜŘƎŜΥ Inhabitants are unaware of 

ǘƘŜ ōǳƛƭŘƛƴƎ ǊŜƎǳƭŀǘƛƻƴǎΩ ŀŘǾƛŎŜ ƻƴ ƴƻǘ ƻǇŜƴƛƴƎ ǿƛƴŘƻǿǎ ŘǳǊƛƴƎ ƘŜŀǘǿŀǾŜǎΣ ŀƴŘ ǎƻƳŜ 

ŀǊŜ ŀƭǎƻ ǳƴŀǿŀǊŜ ƻŦ ǘƘŜƛǊ ǿƛƴŘƻǿǎΩ ǘǊƛŎƪƭŜ ǾŜƴǘǎΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘƻǎŜ ǿƘƻ ŀǊŜ ŀǿŀǊŜ ƻŦ 

trickle vents and their role in ventilation integrate their use into their practices, thus 

complying with the regulations. This significant finding emphasises that effective use of 
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energy-related controls, thus resilience, can be achieved through awareness and, in turn, 

know-how. 

3- There is a gap between resilience and know-how: The usability challenges that 

inhabitants face due to the lack of knowledge of the usage of energy-related controls 

ǇǊŜǾŜƴǘ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ŎƻƴǘǊƻƭǎ ƛƴǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ Řŀƛƭȅ ǊƻǳǘƛƴŜǎΦ ¢Ƙƛǎ ƛǎ 

particularly evident among older inhabitants, who are not familiar with technological 

ƛƴǘŜǊŦŀŎŜǎΦ ¢Ƙƛǎ ŘƛǎŎƻƴƴŜŎǘ ōŜǘǿŜŜƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ǘƘŜ ŀŎǘǳŀƭ ǳǎŜ ƻŦ 

the energy controls makes it difficult for them to break their embodied habits and adapt 

their practices. 

4- Mere exposure to technologies is insufficient: Inhabitants find it challenging to use 

certain energy-related controls (e.g., heating programmers, extract fans), leading them 

to rely on their established routines instead of adapting to these systems (e.g., using 

windows rather than extract fans). In addition to having neighbourhood officers and 

ƘƻƳŜ ǳǎŜǊ ƎǳƛŘŜǎΣ ƪƴƻǿƭŜŘƎŜ Ƴǳǎǘ ōŜ ŜƳōŜŘŘŜŘ ƛƴǘƻ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ǘƘǊƻǳƎƘ 

ŘƛǊŜŎǘ ŜƴƎŀƎŜƳŜƴǘ ŀƴŘ ƎǳƛŘŀƴŎŜΦ ¢Ƙƛǎ ǎƛƎƴƛŦƛŎŀƴǘ ŦƛƴŘƛƴƎ ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ƛƴƘŀōƛǘŀƴǘǎΩ 

mere exposure to confusing energy-related controls is inadequate. Effective use of these 

controls, and therefore resilience, can be achieved through hands-on engagement and 

guidance to help inhabitants understand and implement technical knowledge into 

practical know-how. 

5- Financial constraints hinder redundancy: Inhabitants supply themselves with additional 

equipment when energy systems fail or work inefficiently. This behaviour is closely linked 

to the know-how and habits of inhabitants, as understanding how energy systems 

function and applying this knowledge into their practices can significantly influence 

energy use within the home. Although proper knowledge can reduce the need for 

alternatives, issues like maintenance or power failures due to extreme events, are 

beyond individual control. In such instances, institutional support is crucial to ensure 

access to backup options. However, the social housing association has a limited budget 

that restricts the availability of backup systems, such as renewable-energy-powered 

generators. Redundancy, and therefore resilience, can be achieved through both 
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individual and institutional support, as it depends on the knowledge and adaptability of 

inhabitants as well as institutional support. 

8.2.3 Research Question 3 

How do inhabitants discuss their energy-related practices in the household and how 

does this interface with the robustness, adaptation and redundancy in social housing 

design? 

This research question was addressed by exploring the resilience drivers of social housing 

ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜƛǊ ŘƛǎŎǳǎǎƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ƘƻǳǎŜƘƻƭŘΦ ¢ƘŜǎŜ ŦƛƴŘƛƴƎǎ 

are based on analysing the data from the semi-structured interviews and usability survey 

using thematic analysis and mapping (Objective 3). 

1- Necessity builds know-how: It is found that the inhabitants who spend the most time at 

home take the responsibility for using windows and room thermostats. They gain know-

how through repeated engagement with these controls, which becomes ingrained in 

their practices. In contrast, those who are present less often have limited exposure to 

these practices, and so the responsibility rests with those with more experience and 

confidence. This highlights how necessity builds a form of practical knowledge and 

confidence, placing the inhabitants with know-how in charge. 

2- Room thermostat use as a shared decision: The findings reveal that inhabitants discuss 

using the room thermostat, and this engagement is structured around balancing comfort 

with financial constraints due to the energy crisis. This shared decision-making process 

can be seen as collaboration among the inhabitants, who actively participate in 

determining their heating choices. This is significant for developing routines and 

ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ ǊƻƻƳ ǘƘŜǊƳƻǎǘŀǘǎ ŀǊŜ ŜƳōŜŘŘŜŘ ƛƴǘƻ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ƘŀōƛǘǎΦ ¢Ƙƛǎ ŦƛƴŘƛƴƎ 

also indicates that external disruptions (e.g., the energy crisis) can reshape heating 

ǇǊŀŎǘƛŎŜǎ ŀƴŘ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŀŘŀǇǘŀōƛƭƛǘȅ ǘƘǊƻǳƎƘ ŘƛǎŎǳǎǎƛƻƴΦ 

3- Gap between intended functionality and actual engagement: Inhabitants express a lack 

of confidence in the effectiveness of extract fans, as they are either inefficient or do not 

function as intended. This leads inhabitants to use additional ventilation methods, such 
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as opening windows and doors, alongside extract fans to continue their ventilation 

practices. Additionally, older inhabitants (those over 70) prefer using windows over 

extract fans and rely on familiar habits that provide a sense of confidence and safety. 

These findings indicate that extract fans have not been successfully integrated into the 

practical consciousness of inhabitants, leading them to rely on embodied habits. The 

significant point here is that the inhabitants demonstrate embodied adaptability, either 

by adopting additional alternatives or by continuing with familiar practices that 

contribute to resilience in social housing. 

8.2.4 Research Question 4 

How can social housing be future-proofed to become more robust, adaptable and 

redundant over time? 

This research question was answered by identifying key insights and recommendations to 

ŜƴƘŀƴŎŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǊŜǎƛƭƛŜƴǘ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices, 

and thereby future-proof homes (Objective 4). The foundation for addressing this research 

question involved data analysis, interpretation and triangulation. 

1- Design adaptations to support energy-related practices: Social housing design should 

consider responsive design features regarding how energy-related practices change 

based on factors such as age, location within the building (e.g., ground or first floor), and 

personal comfort needs. Incorporating transitional spaces like foyers in newly built social 

housing can help minimise heat loss and prevent cold air entering the main living area 

when entrance doors are opened. Incorporating redundancy by implementing backup 

systems (e.g., solar backup generators, solar panels) can ensure that social housing 

remains liveable during heating or ventilation system failures. This is an increasingly 

critical need in terms of extreme disruptions like heatwaves or power outages. 

2- Revision and recommendations on housing and energy policies, along with practical 

guidance: Current ventilation policies (e.g., Approved Document F and BS 5925) indicate 

that purge ventilation should be implemented when there is a 3 C̄ differential between 

indoor and outdoor conditions. However, this information is not known by the 

inhabitants, leading them to open their windows during heatwaves, unaware that this 
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impacts indoor air quality by increasing humidity levels. Therefore, updated guidance is 

necessary to help inhabitants understand when and how to ventilate their homes safely. 

There should be guidance about updating home user guides, particularly for social 

housing built before 2022 (when the policy on heatwaves was issued), to inform 

inhabitants about the policy changes and ensure that energy-related practices remain 

aligned with changing conditions. 

3- Institutionalised knowledge and energy-related practices change: This study found that 

inhabitants struggle to understand and use the heating and ventilation controls (e.g., 

trickle vents, heating programmers, extract fans) that are considered norms in the UK. 

Therefore, collaborative strategies between design teams and inhabitants can help 

ōǊƛŘƎŜ ǘƘƛǎ ƎŀǇ ŀƴŘ ŜƴƘŀƴŎŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜƛǊ 

energy-related practices. These collaborative strategies include conducting POEs every 

few years after inhabitants move in to identify any issues or challenges they face with 

the energy-related controls; and education and community learning projects that 

provide hands-on practical sessions and technical knowledge to improve mutual 

understanding between inhabitants and design teams. For example, developing mutual 

guidance (with the design team and inhabitants) on window usage during heatwaves 

strengthens shared responsibility for energy performance and comfort. During POE, 

ƛƴƘŀōƛǘŀƴǘǎΩ ŦŜŜŘōŀŎƪ ƻƴ ǘƘŜƛǊ ŜƳōƻŘƛŜŘ Ƙŀōƛǘǎ ŀƴŘ ŀŘŀǇǘƛǾŜ ǊŜǎǇƻƴǎŜǎ όŜΦƎΦΣ ǇǳǊŎƘŀǎƛƴƎ 

additional equipment like dehumidifiers, portable fan heaters) should be integrated into 

evaluations to enhance resilience in social housing. 

8.3 Original Contribution to Knowledge 

This research makes original contribution to knowledge in three distinct areas: theoretical, 

practical, and policy contributions. It contributes to knowledge by redefining resilience in a 

way that is practice-based, rather than viewing resilience through conventional 

infrastructure-focused or energy-system efficiency definitions. This research proposes a new 

understanding of resilience as ΨǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƘƻƳŜ ǘƻ ŎŀǊǊȅ ƻƴ ǇŜǊŦƻǊƳƛƴƎ ōȅ ǳǎƛƴƎ 

alternative options to maintain the preferred state and adjustments to reduce the impacts, 

ŜǾŜƴ ƛŦ ǘƘŜǊŜ ƛǎ ǎƻŎƛŀƭ ŎƘŀƴƎŜ ƻǾŜǊ ǘƛƳŜΩ όsee Section 7.2). This definition reframes resilience 

ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƳōƻŘƛŜŘ ƘŀōƛǘǎΣ ƪƴƻǿ-how and adaptive capacities. 
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8.3.1 Contribution to Theory 

This research makes an original theoretical contribution by integrating practice theory with 

resilience, providing a more comprehensive understanding of heating and ventilation 

practices. While practice theory has been widely used to understand how energy-related 

practices are shaped (Gram-Hanssen, 2010), it has not been used to explain how these 

practices respond to external disruptions such as climate change, energy crises or 

pandemics. This study addresses this gap by explaining how and why practices change, and 

how these practices withstand or adapt to external disruptions. Therefore, this research 

contributes to practice theory by incorporating resilience dimensions (robustness, 

adaptation and redundancy) into the analysis of energy-related practices. This allows for a 

dynamic understanding of how energy practices not only change over time, but also respond 

to shocks and failures. 

The resilience practice theory framework (refer to Figure 7.1) developed as an analytical tool 

by the researcher, integrates the four elements of practice theory developed by Gram-

Hanssen (2010) with resilience drivers (robustness, adaptation, redundancy). This 

framework provides a structure that connects practices with resilience, both collectively and 

individually, through different research methods. It offers a common language for the actors 

(design team and inhabitants), and a model that integrates these findings to examine the 

adaptive capacity of energy-related practices in social housing. This integration supports a 

deeper understanding of how routines are performed, how discussions among the 

inhabitants develop over time, and how inhabitants make use of alternative energy-related 

controls to maintain comfort and energy practices in their homes. 

¢Ƙƛǎ ǎǘǳŘȅ ŦƻǳƴŘ ǘƘŀǘ ƛƴƘŀōƛǘŀƴǘǎΩ ŀǿŀǊŜƴŜǎǎ ƻŦ ƛƴǎǘƛǘǳǘƛƻƴŀƭƛǎŜŘ ƪƴƻǿƭŜŘƎŜ όŜΦƎΦΣ ōǳƛƭŘƛƴƎ 

regulations regarding the function of trickle vents) significantly influences the integration of 

this knowledge into their practices. This highlights that resilience and effective energy-

related controls can be achieved through increasing awareness and, in turn, know-how.  

This study contributes to understanding how frequent exposure to energy-related controls, 

such as spending more time at home, leads to increased engagement with these controls 

and, therefore, greater know-how. Responsibility for managing thermal comfort tends to lie 
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with those with greater experience, reinforcing the idea that necessity builds confidence and 

know-how in energy-related practices. 

8.3.2 Contribution to Practice 

This study contributes to practical knowledge by highlighting that engagement and direct 

support are essential for inhabitants to understand energy-related controls and implement 

them in their practices. Despite the availability of home user guides or neighbourhood 

officer support, many inhabitants rely on their embodied habits (e.g., using windows instead 

of extract fans) due to usability issues. This points to a need for embodied learning 

mechanisms in housing design and policy. This aspect also emphasises embodied 

adaptability in relation to usability limitations, offering new insights into how resilience is 

performed in daily life. 

¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ŀƭǎƻ ƛŘŜƴǘƛŦƛŜǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƎŀǇ ōŜǘǿŜŜƴ ŘŜǎƛƎƴ ŀǎǎǳƳǇǘƛƻƴǎ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ 

practices, even though this case study included heating and ventilation systems that are 

considered standard in the UK. While the design team perceive these systems as norms in 

the UK, many inhabitants (especially those over 70) struggle to understand and use them. 

This challenges the assumption that standardisation equals accessibility and understanding, 

highlighting the need for inclusive design approaches that account for varied levels of 

inhabitant knowledge and usability, thereby increasing resilience.  

8.3.3 Contribution to Policy 

Findings from the research confirm the critical importance of the underlying factors of 

ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǎƻŎƛŀƭ ƘƻǳǎƛƴƎ ŀƴŘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŘƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ ǘƘŜƛǊ ŜƴŜǊƎȅ-related 

practices to identify key insights to help future-proof homes. There are significant findings 

relevant to policy and practice in the UK:  

¶ Inhabitants lack knowledge and awareness of the energy-related controls in their 

homes and this affects their energy-related practices during extreme events. 

¶ ¢ƘŜǊŜ ƛǎ ŀ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŜƴŜǊƎȅ-related 

controls and the design intentions. 

¶ There is a need for additional alternatives within social housing. 
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¶ Combined strategies should be developed with the design team and inhabitants.  

These strategic findings and contributions to practice and policy inform the detailed 

recommendations in the next section. 

8.4 Recommendations 

8.4.1 Policy Recommendations 

Specific recommendations for policy, reflecting resilience in housing within the UK policy 

context detailed in Section 2.7, the heating and ventilation practices detailed in Chapters 5 

and 6, and discussion in Chapter 7, are as follows:  

1- ¢ƘŜ ŎǳǊǊŜƴǘ ǊŜǾƛŜǿ ƻŦ !ǇǇǊƻǾŜŘ 5ƻŎǳƳŜƴǘ [Υ Ψ/ƻƴǎŜǊǾŀǘƛƻƴ ƻŦ ŦǳŜƭ ŀƴŘ ǇƻǿŜǊΩ 

should state that the programmer for the heating system should be understandable 

for inhabitants, so they can easily schedule their heating according to their 

preferences, which will help them reduce their energy bills.  

2- ¢ƘŜ ŎǳǊǊŜƴǘ .ǳƛƭŘƛƴƎ wŜƎǳƭŀǘƛƻƴǎ !ǇǇǊƻǾŜŘ 5ƻŎǳƳŜƴǘ hΥ ΨhǾŜǊƘŜŀǘƛƴƎΩ ǎƘƻǳƭŘ 

ŎƻƴǎƛŘŜǊ ǊŜǾƛǎƛƴƎ ǘƘŜ ǎŜŎǘƛƻƴ ŎŀƭƭŜŘ Ψ{ǘŀȅƛƴƎ Ŏƻƻƭ ƛƴ Ƙƻǘ ǿŜŀǘƘŜǊΩ ƛƴ ǘƘŜ ƘƻƳŜ ǳǎŜǊ 

guide. This section came into effect in 2022, but in this case study, households did 

not receive this section in their home user guide. Adding this section to home user 

guides issued before 2022 and explaining it to households are essential to ensure 

that inhabitants know about this guidance and adapt their heating and ventilation 

practices accordingly, as explained in Section 2.6 and Section 7.3. 

3- Policy and legislation on domestic heating and ventilation strategies should be 

reviewed by considering resilience and extreme events. Strategies for extreme events 

such as pandemic and energy crisis should be included.  

4- In newly built social housing, on-site electricity generation and storage systems are 

required according to the Approved Document L (HM Government, 2022), as 

explained in Section 2.6. However, due to limited budgets, housing associations need 

to limit their planning and designs and prioritise their areas of focus carefully. Social 

housing associations within the UK should consider allocating budgets for planning 

and designing extra redundancy to future-proof social housing. 
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5- The current building regulations should incorporate guidelines on how heating and 

ventilation systems should be used by inhabitants. This is essential to ensure that the 

heating and ventilation systems provided in social housing work properly and that 

inhabitants use them correctly, as explained in the home user guide and manuals. 

8.4.2 Practice Recommendations 

1- This research shows that some inhabitants struggle to understand how to use 

heating and ventilation controls (e.g., heating programmer), and some are unaware 

of specific systems (e.g., trickle vents). There is also evidence that inhabitants do not 

think some of the equipment, such as extract fans, are working properly, as explained 

in Section 6.5. Conducting a POE every few years within social housing association 

homes after inhabitants have moved in would benefit both inhabitants and the 

housing association. It would help the housing association understand the issues 

inhabitants face with energy-related systems and whether the inhabitants are using 

them correctly. This is essential for the social housing association to check if these 

heating and ventilation systems are working properly. 

2- Within social housing associations, the job description of neighbourhood officers can 

be updated to allow them to act as a bridge between the design team and the 

inhabitants. They should be more active with the inhabitants to enhance their 

practical knowledge and address any problems with energy-related systems in their 

homes. As discussed in Section 7.2.2, some inhabitants need to acquire practical 

knowledge on how to use the heating and ventilation systems so they can implement 

this understanding in their energy-related practices. This could include a collective 

learning process that members of the design team can also be involved in. This 

collective learning process could include the design team providing practical sessions 

for the inhabitants, explaining the specific heating and ventilation systems that 

inhabitants struggle with (using information gathered by the neighbourhood officer 

prior to sessions) and how to use the new technologies within their homes. Practical 

knowledge on energy-saving methods could help future-proof homes and 

ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices. This way, the inhabitants will gain more 

practical knowledge than they could from just reading the home user guide or 
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manuals, which leave them struggling to implement their knowledge in their 

practice.  

3- Social housing associations in the UK should consider planning more flexible housing 

typologies, especially post-pandemic. This is essential because during Covid-19, the 

presence at home increased as household members started working and studying at 

home more, increasing the need for more flexible housing typologies. These housing 

typologies should include more flexible places to work or study, and design features 

that provide more natural ventilation, as discussed in Section 6.2. 

8.5 Limitations 

One limitation of the study is that the fieldwork was restricted to Sheffield. This practical 

decision was made early in the research planning, and it eliminated the need to consider 

policies and regulations from other countries. However, this prevents a comparison of how 

ŘƛŦŦŜǊŜƴǘ ƴŀǘƛƻƴŀƭ ǇƻƭƛŎƛŜǎ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴǎ ƳƛƎƘǘ ŀŦŦŜŎǘ ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related 

ǇǊŀŎǘƛŎŜǎΦ !ǎ ǎǳŎƘΣ ǘƘŜ ŦƛƴŘƛƴƎǎ ŀōƻǳǘ ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices are only 

indicative for Sheffield; however, the theoretical contribution has wider implications.  

Another limitation of the study is that the data collection process was conducted during the 

pandemic. The initial data collection phase of this research was planned to be face-to-face; 

however, when the pandemic hit during this planning phase, the researcher revised the 

approach to allow research participants to choose their interview preferences. Reaching out 

to inhabitants required permission from the social housing association and coordination 

with the neighbourhood officer to visit the case study site, due to the safety concerns and 

the pandemic. The pandemic also affected the interview schedules with both the design 

team and inhabitants, with some interviews being rescheduled due to participants 

contracting Covid-19.  

Another limitation of this study relates to the sample. This sample is dominated by 

participants over 50 living as older couples and single-person households, and includes only 

one household with children under 18. Although using snowballing sampling in this social 

housing case study reflected the demographic patterns of UK social housing renters, this 

approach limited access to the diverse housing demographics including families with 
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children. To address the gap and ensure a broader understanding of household energy 

dynamics, future research could consider integrating more diverse housing demographics, 

including families with children.  

8.6 Further Research 

This research focused on new-build homes in the social housing association sector. The 

ƛƴƘŀōƛǘŀƴǘǎΩ ŜƴŜǊƎȅ-related practices and the underlying factors of resilience in the social 

housing sector are significant for future-proofing homes to reduce the negative effects of 

extreme events caused by climate change. Thus, for further research, including other 

housing types would be of value and be relevant.  

In this study, the environmental conditions are considered as a control group; therefore, 

future climate uncertainties are not fully captured in this thesis. Further research could 

include climate uncertainties and their impact on housing resilience could be elaborated 

using a different control group, for instance households with similar demographics but in 

different housing locations. 

Additionally, this research was limited to new-build social housing in Sheffield. For further 

research, exploring different social housing associations within the UK and countries outside 

the UK, where different housing typologies, building regulations and policies affect heating 

and ventilation practices, would allow for comparison and learning from other practices. 

The research participants in this research were mostly over 50, and families with children 

were a minority. To address this gap and to have a detailed understanding of families with 

children and their household energy dynamics, future research could consider focusing on 

families with children. This would provide a fuller picture of how varying household 

structures influence energy use and sustainability practices. 

This study adopts a case study approach informed by practice theory to explore the energy-

related practices of households. The main objective is to understand how social changes and 

ŜȄǘŜǊƴŀƭ ŦŀŎǘƻǊǎ ƛƴŦƭǳŜƴŎŜ ƛƴƘŀōƛǘŀƴǘǎΩ ŎǳǊǊŜƴǘ ƘŜŀǘƛƴƎ ŀƴŘ ǾŜƴǘƛƭŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎΦ !ƭǘƘƻǳƎƘ 

this study does not focus on individual housing histories, it contributes to the housing field 

by contributing a resilience practice theory framework that outlines the dynamics of energy 

practices. Future research could expand on these insights by integrating longitudinal and 
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ethnographic approaches to analyse how past housing experiences inform present energy 

practices. However, within the scope of this thesis, the case study approach offers a focused 

ŀƴŀƭȅǎƛǎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ŎǳǊǊŜƴǘ ŜƴŜǊƎȅ-related practices, aligning with the theoretical 

framework adopted. 

During this research, the researcher developed a resilience matrix that helped to deepen the 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƴŜȄǳǎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ǿƛǘƘ ŘǊƛǾŜǊǎ ƻŦ ǊŜǎƛƭƛŜƴŎŜΦ CǳǊǘƘŜǊ 

research is needed to explore whether this resilience matrix adds a useful dimension to the 

ŀƴŀƭȅǎƛǎ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ƻǘƘŜǊ ŎƻƴǘŜȄǘǎ ŀƴŘ ǘƻ Ǝŀƛƴ ŀ ŘŜŜǇŜǊ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ƴŜȄǳǎ ōŜǘǿŜŜƴ ǊŜǎƛƭƛŜƴŎŜ ŀƴŘ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ŦƻǊ ŦǳǘǳǊŜ-proofing 

homes. 

8.7 Concluding Remarks 

Reducing carbon emissions in the housing sector is critical and plays a significant role in 

reducing the overall CO2 emissions in the UK (The UK Green Building Council, 2019). 

However, there is a need for a more profound understanding of how the inhabitants live in 

their homes and how they use their energy-related appliances to gain deeper knowledge of 

the energy performance gap. This research proposed an integrated resilience and practice-

theory framework to gain a deeper understanding of how inhabitants respond to extreme 

events in their homes, determining whether their homes remain resilient through these 

extreme events and continue performing as designed. 

Academic research has explored housing energy performance at the design stage. However, 

ǘƘŜǎŜ ǎǘǳŘƛŜǎ ƘŀǾŜ ƴƻǘ ŀŘŘǊŜǎǎŜŘ ǘƘŜ ŘȅƴŀƳƛŎ ŎƘŀƴƎŜ ƻŦ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ ǘƘǊƻǳƎƘ ǘƘŜ 

three drivers of resilience (robustness, adaptation and redundancy), which reveals a gap in 

the knowledge. The current focus in the housing sector is to use advanced smart 

technologies and design, which assumes that inhabitants can understand and use these 

technologies and adapt their habits as intended. However, this thesis evidences that, in this 

social housing case study, some of the inhabitants have difficulty understanding and using 

heating and ventilation controls that are considered ΨƴƻǊƳǎΩ ƛƴ ǘƘŜ ¦Y, according to the 

design team. This shows that inhabitants need practical knowledge and confidence to 

implement their understanding into their energy-related practices.  
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Additionally, the importance of extreme events (e.g., Covid-19, energy crisis, overheating) on 

ǘƘŜ ƛƴƘŀōƛǘŀƴǘǎΩ ǇǊŀŎǘƛŎŜǎ is revealed in the study, highlighting the need for future-proof 

social housing that takes resilience into account. The findings from this study highlight the 

three resilience drivers: inhabitants learn from their experiences by discussing, collectively 

learning and adapting their habits to changes; social housing associations can provide 

alternative systems so inhabitants can continue their practices despite the negative effects 

of extreme events; and, by considering inhabitant practices, housing and energy policies in 

the UK can be revised to ensure robust housing for the future.  

This research, which reveals a deeper understanding of how inhabitants discuss their 

energy-related practices in their homes and how this can be interrelated with robustness, 

adaptation and redundancy for developing resilient social housing in the UK, is therefore 

both significant and timely. 
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Conference Paper Arising from Thesis Work 

 
One international peer reviewed conference paper will be published from the work of this 

thesis. The author gratefully acknowledges the helpful comments from the anonymous 

reviewers on the conference proceeding. 

¢ŜƪƛƴΣ aΦ όнлнрύ ΨwŜǎƛƭƛŜƴŎŜ ƛƴ {ƻŎƛŀƭ IƻǳǎƛƴƎΥ !ƴ LƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ IŜŀǘƛƴƎ tǊŀŎǘƛŎŜǎ ƛƴ ǘƘŜ 

¦YΩΣ ǇŀǇŜǊ ǿƛƭƭ ōŜ ǇǊŜǎŜƴǘŜŘ ŀǘ ǘƘŜ {ǳǎǘŀƛƴŀōƭŜ .ǳƛƭǘ 9ƴǾƛǊƻƴƳŜƴǘ /ƻƴŦŜǊŜƴŎŜ ό{.9нрύ ƛƴ 9¢I 

Zurich, Switzerland, 25 - 27 June 2025 and will be published at IOP Conference Series: Earth 

and Environmental Science (EES). 
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Appendices   

Appendix 1: Mapping diagram illustrating underlying factors of resilience, developed by the researcher (continued next page) 
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Appendix 2: Usability survey data analysis using SPSS 
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Appendix 3: Anonymised participant invitation letter 
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Appendix 4: Anonymised participant information sheet  
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