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Abstract
[bookmark: _Hlk152078506]New housing design has changed rapidly due to legislative requirements for energy-efficiency improvements. While housing energy efficiency is improving, little attention is given to individual indoor spaces, such as a domestic kitchen and associated occupant well-being. This study used secondary data from a building use survey (BUS) undertaken in 91 energy-efficient dwellings in five new social housing developments in Scotland to assess the views and experiences the kitchens had on the occupants. The occupants’ open-ended responses were explored using thematic analysis, identifying five themes: architectural design, building services, fixtures and fittings, change in diet and social outcomes. Satisfaction was reported for higher ceilings, good daylight, views and positive social engagement. Aspects considered poor related to construction quality, high internal temperature, low daylight levels, artificial lighting, and storage negatively impacted the occupier’s lived experience. The results highlight broad issues associated with kitchen environments that can affect the occupiers' physical and mental health. While an exploratory study, the outcomes emphasise the need for focused research of a larger sample size to explore the impact of kitchens on the resident’s health and well-being in modern housing.
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Introduction
Every person has the right to live in a home that is adequate for meeting their needs (OHCHR, 2014). 'Adequate' housing or ‘needs’ tends to infer that housing has secure tenure, is good quality, affordable and located in the right place for the occupiers (Shelter Scotland, 2019). In countries with cold winters, such as Scotland, there is a long history of poor housing conditions that directly impact the health of the inhabitants. Challenges exist for the connected issues of fuel poverty eradication and housing design to meet Scotland’s net-zero carbon homes policy by 2045. Current policies focus on cutting carbon dioxide emissions related to space and water heating but omit determining other areas of a home that affect the occupant’s living experience. Recent research in social housing has identified that whilst housing associations conduct customer satisfaction surveys, the reported occupant experiences and expectations rarely result in design changes, and designers are unaware of the feedback (Maslova & Burgess, 2022). In 2012, a large-scale UK-wide building performance evaluation (BPE) study was conducted over two years to review occupied low-energy dwellings designed to meet the UK’s former zero-carbon 2016 agenda. The BPE programme aimed to determine whether the dwelling energy performance met the design intent and to create feedback loops (Leaman et al., 2010). However, the study had a technical focus on energy efficiency, overheating and ventilation rates, largely ignoring qualitative information relating to the occupier's experience. To date, BPE studies rarely consider how the design of energy-efficient homes impacts how individual rooms are used. For instance, good ventilation for removing cooking-related contaminants in kitchen environments is essential in airtight homes (Seltenrich, 2014). However, no studies were found that indicate whether people changed what they cooked to reduce malodour in the home.
Kitchens are hardworking rooms in dwellings where many household functions are performed (Kelly & Knottenbelt, 2015), and today, the kitchen is considered the heart of the home. Yet, there was limited literature on kitchens and the occupant’s experiences. With this in mind, this paper uses secondary data to review occupier’s views and experiences of their kitchen environments in new low-energy social housing. This housing type was selected for evaluation due to low-energy housing having a reasonable level of airtightness and associations with indoor air quality issues. In addition, housing with this level of energy efficiency has more relevance for informing today’s homes designed for the net-zero carbon agenda.  
An existing qualitative dataset was used to explore how households stated their kitchen environment affected them. The review provides an opportunity to advance the understanding of kitchen environments by drawing out areas that provided occupant satisfaction and establishing where kitchens in new homes fell short of user expectations. While this study is based on a small cohort, it is hoped that the findings generate a more holistic insight into the adequacies of domestic kitchens with a view to promoting policy changes, instigating further research and giving the occupiers a voice by raising awareness of the design impacts. This study would interest and benefit various construction and housing disciplines, including architects, housing designers, developers, contractors, social housing commissioners, building services engineers, building regulators and policymakers. 
Social Housing and Housing Inequalities
In the UK, social housing refers to homes rented under a secure tenancy provided at affordable rates by a local authority or a registered social landlord. In 2019, 24% of the Scottish population lived in rented dwellings in the social housing sector (National Records of Scotland, 2021). Social housing design tends to focus on affordable warmth (Lowry, 1989; Shelter Scotland, 2019) to alleviate the occupiers' financial burden for maintaining thermal comfort and reducing associated ill health (Marmot et al., 2022; World Health Organization, 2018). While minimum standards are set for designing for affordable warmth, the ‘tolerable standard’ measures social housing quality. This standard has a low threshold for acceptable indoor environments and excludes reviewing the adequacy of internal spaces for the occupiers (Scottish Government, n.d.). According to a survey in England, 54% of housing association residents reported disappointment with their homes, with the highest dissatisfaction related to the kitchen; respondents cited storage, working and appliance space as insufficient (NHBC Foundation, 2016). This dissatisfaction is of particular importance as multiple spatial and environmental factors related to kitchen design are not routinely incorporated in architectural designs for social homes. Failing to address these design factors can impact the mental well-being of its users (Chowdhury et al., 2021) and influence how the kitchen is used.  
The recent coronavirus (COVID-19) pandemic amplified existing housing inequalities, which included reports of inflexible indoor space, disproportionally impacting people from lower socioeconomic backgrounds (Energy Action Scotland, n.d.; Tinson & Clair, 2020). At this time, Scotland's Housing to 2040 strategy was released, which aims to improve housing quality by constructing at least 70,000 tenure-blind homes, all of which underpin health and well-being (Scottish Government, 2021). Unfortunately, this strategy focuses solely on energy efficiency. It has yet to develop a holistic approach to include flexible indoor space and the spatial and environmental aspects required for well-being. Social housebuilding is achieved by delivering dwellings to fixed budgets per unit, inflated land prices having a knock-on effect for decreasing the dwelling footprint, kitchen size, and overall build quality (Park, 2017). While housing associations must make tough decisions for design trade-offs, questions remain over achieving flexible and adequate indoor space and the overall tenure blind housing aspiration.
Kitchen Environments in Social Housing 
In general, kitchen environments are where food is stored, prepared, cooked and (in some households) eaten. Wills et al. (2013) identified kitchen layout and design issues that impacted food storage space. In addition, those in current or former social housing reported problems placing their white goods in the kitchens. This suggests that more space must be needed for modern-day living and supporting diverse household activities (Bech-Danielsen, 2012; Meah, 2016; Moody & Vineyard, 2008; Wills et al., 2013). Problems exist in small kitchens; for example, inadequate storage capacity means that the work surface tends to be used for storage and limits space available for food preparation (Ahn et al., 2008). The use of worktop space for foodstuff storage has been linked with increased body mass index (BMI) (Wansink et al., 2015) and potentially impacts mental health, type 2 diabetes and obesity, which are significant public health concerns (Davison et al., 2017; Sami et al., 2017; Keenan et al., 2021; Sahoo et al., 2015), particularly among social housing residents who are reportedly likely to have poor health (Scottish Government, 2018b). Separate policies outline reductions for these conditions. Looking at the obesity reduction policy, it seeks to increase the uptake of a healthy, balanced diet (Scottish Government, 2018a), and research in this area tends to focus on the individual for behaviour change for diet and exercise (Herrera-Espiñeira et al., 2021; Lindelof et al., 2010). Cooking a home-cooked meal from scratch is considered beneficial to health. However, having a good kitchen environment with adequate storage, a responsive cooker, refrigeration, a range of cooking utensils, plates and a dining table can make cooking and eating easier (van Kesteren & Evans, 2020). It seems odd that policymakers do not consider the home kitchen as it could contribute to poor health and present socio-economic inequalities (van Kesteren & Evans, 2020). 
It is well established that cooking contributes to poor indoor air pollution (IAP) (Carslaw et al., 2023; Stratton & Singer, 2015; Tan et al., 2013). The simple act of cooking a meal impacts the indoor air quality through emissions of particulate matter, nitrogen dioxide, polycyclic aromatic hydrocarbons (PAHs) and volatile organic compounds (VOCs) increasing the risk of noncommunicable diseases, life-long respiratory health effects (Melia et al., 1977; Royal College of Paediatrics and Child Health, 2020; Sterling & Sterling, 1979) and premature deaths (World Health Organization, 2021). These previous studies indicate the importance of good ventilation, such as installing a cooker hood over the hob that exhausts directly outside as a safeguard against poor IAP (O’Leary et al., 2019) and prevent migration of indoor generated pollutants to other rooms of the home (Khajehzadeh et al., 2016). Yet, the social housing landlord does not routinely install cooker hoods. Instead, the predominant air extraction method fitted meets minimum building regulations by installing extract fans in locations remote from the hob. These draw polluted indoor air across the space before reaching the extraction point.
To compound the problem of small kitchens and lack of design focus, compliance with the Scottish building regulation for kitchens in new homes is met by meeting minimum acceptable criteria: manoeuvrability space (for a wheelchair user), a space for a cooker and at least 1m3 of storage (Scottish Government, 2020). On the basis that the design of social homes is to comply with the regulatory minimum standard, and often no more, it is questionable whether kitchens in the social housing sector meet today’s occupier expectations and cater for a range of activities (Ahn et al., 2008) that are enjoyed in many homes in the private sector. 
Kitchen Monitoring Review
The daily use of individual spaces within a home is generally not considered in BPE. While qualitative surveys are conducted, the research is weighted towards energy consumption or indoor environmental quality specifically related to IAP, ventilation and overheating (Khajehzadeh et al., 2016; Sterling & Sterling, 1979; Stratton & Singer, 2015; Tan et al., 2013). Concurrent evaluation of whether occupants have formed adaptive behaviours needs to be improved (Commission for Architecture and the Built Environment, 2010), and data is rarely fed back to the design loops (Maslova & Burgess, 2022; Stevenson & Rijal, 2010). Indicating that more work needs to be done to improve BPE practices and include dissemination of occupant experiences related to room design and occupier impacts. There is an opportunity to enhance feedback since the Royal Institute of British Architects (RIBA) has recently outlined the mandatory inclusion of post-occupancy evaluation (POE) for completed construction projects (Royal Institute of British Architects, 2019). The inclusion of POE in their Sustainable Outcomes Guide reinforces the need for practitioners across the UK to develop and expand feedback loops to include occupant opinions using the existing BUS methodology. This research is a timely opportunity to bring the occupant’s experiences into focus, raising the need to update the BUS methods to enhance further the designer’s understanding of how indoor spaces impact occupants’ daily lives. It is suggested that POE or BPE are the drivers for obtaining this information, as these studies are usually more extended and can involve several visits to the home. 
The existing literature indicates that kitchens can impact health in a variety of ways. However, most studies focused on one aspect, meaning that more attention needs to be given to developing a holistic understanding of the impacts the occupants experience when using their kitchens. Considering housing is a social determinant of health, occupant feedback is essential to improve housing. Instead of being designed, kitchens in social housing tend to be shown with an indicative layout. How the kitchens meet the occupants’ needs once occupied is generally unknown. The intent of tenure blind housing for reduced inequalities should also include the assessment of the occupant’s perception and experiences of the homes. This paper aims to add the tenant experience of kitchens in new social housing to contribute to the existing knowledge.  
Methodology
This study seeks to review how kitchen environments in social housing affect occupants by exploring occupant narrative in response to a domestic version of the well-established BUS methodology (The Usable Building Trust, 2017). The BUS assessment is well-integrated as a qualitative BPE method and was an integral element of the original BPE programme from where the data was sourced to inform this study. The original BPE aimed to establish whether the as-built performance of the dwellings met the design intent, with BUS being used under licence to inform UK-wide benchmarking of the developments involved in the study. A drawback of this exercise was that the benchmarking was based on responses to the closed questions, and the occupant’s viewpoints of their homes were underrepresented. Therefore, this study re-visits tenants’ open-ended BUS responses obtained from five social housing developments in Scotland. The authors of this manuscript were part of the original BPE research team and returned to review the dataset for responses that were previously excluded from analysis. 
For the original BUS, letters, information sheets and consent forms were sent to all households (183) in the developments inviting their participation. The surveys took place on the doorstep between a researcher or housing association representative and one adult from each household. The exception was for the surveys in the sheltered flats; these took place in the occupant’s home. The first set of questions gathered the household’s demographic details, including house type, tenure and occupancy patterns. The remaining survey sections consisted of structured open and closed questions to elicit opinions on dwelling design, comfort, health, noise, control of environmental aspects, lifestyle and the running costs of their home. Each survey lasted between 30-60 minutes. The initial survey response rate was 54%, with questionnaires completed by 99 households. The researchers manually recorded occupant responses and transcribed them to a BUS-Specific Microsoft Excel spreadsheet. 
For this study, eight surveys were discarded due to incomplete demographic data and some homes being privately owned; 91 completed surveys were re-examined to determine whether the occupants mentioned their kitchens. A high number (71%) of responses from varied demographic groups expressed a view of their kitchen environment. Thematic analysis was undertaken for data familiarisation, coding the direct and indirect kitchen-related comments, grouping the responses by sub-themes and identifying positive and negative responses, Table 1. As it was not possible to group the kitchens by design type owing to the inability to access every respondent’s kitchen, the thematic review was beneficial due to the small sample size. The study additionally compared the responses to the known field outcomes related to 24 homes in the five developments involved in the more extended BPE research. To enrich the data, the comparison drew on a range of data, which included previous occupier comments, knowledge of indoor air temperatures, researcher observations, photography, thermal images and floor plans of selected homes.
[bookmark: _Hlk157619217]The researchers considered whether the secondary data was valid for reliable results since the data collection occurred in 2013, and BUS has no specific questions directly related to kitchens. The data were viewed as appropriate for analysis for three reasons. Firstly, building age in other kitchen studies identified was not a defining factor of how occupants perceived their kitchens or the associated impacts. None of the previous literature disclosed the age of the dwellings that informed their studies. New social housing dwellings have a design life of 60 years and are typically in occupancy for decades beyond this. Key design aspects of the kitchen in a social home, such as storage space, ceiling height and daylight admittance, are likely to remain unchanged throughout the building's lifetime. Secondly, there were no policy, regulation or design code updates related to domestic kitchens, their internal layouts, or BPE procedures since the dwellings in this study were constructed and the BUS undertaken. Therefore, the problems occupants experienced with the kitchens during BUS when the houses were new will likely still affect them today. Lastly, almost three-quarters of the respondents made at least one comment about their kitchens. Since the survey does not explicitly focus on kitchens, many responses focused on the kitchen environment, indicating that this space in the home is important to the occupiers.  
Development Details
This paper is informed by responses from tenants in five new low-energy housing developments in Scotland. A brief description of each development provided a broad understanding of the house types involved. 
Barrhead (B)
A development of 16 dwellings in an urban setting in Barrhead, East Renfrewshire. The dwellings bound a square-shaped, landscaped courtyard in linked terraces that allow pedestrian access to all homes through the car-free courtyard. The living rooms face inwards to the courtyard, and the kitchens look out in varied orientations to small communal gardens to the rear of the dwellings. A housing association owns the development and exclusively rents to tenants aged over 65. The kitchens in these homes are cellular rooms with room for a table. The ventilation in these homes is by trickle vents in the window frames and opening windows, and mechanical extract fans remote from the hobs installed in the kitchens. 
[image: ]
Fig. 1 Barrhead development, view of the front elevation of two-storey housing and flats to the left.
Dormont (D) 
A rural development of eight Passivhaus dwellings in Dalton, Dumfriesshire. They comprise one terrace of four two-bedroom homes and a second terrace of four three-bedroom dwellings. The kitchens are cellular and situated on the north-facing side of the homes. The kitchens face out over private rear gardens in the two-bedroom homes, and in the three-bedroom homes, the kitchens face onto the street; these have room for a dining table. As these homes are certified Passivhaus dwellings, the background ventilation is provided by a whole-house mechanical ventilation system with heat recovery, with opening windows to facilitate purge ventilation. Extraction points in the kitchens are at ceiling level over the hob.  These homes were commissioned by a private landowner/landlord and are rented through a long-term lease at affordable rents, housing people from the local area.
[image: ] 
Fig. 2 Dunoon development, view of the front elevation of the two-bed house type.
Inverness (IV) 
This rural development is located in Milton of Leys, Inverness. A first-of-its-kind development in Scotland where post-completion in August 2010, the dwellings were open to the public for Scotland's Housing Expo to showcase innovation in housing design. There are 52 dwellings in this mixed-tenure development. Of these, 32 are private houses, and 20 are available for social and affordable rent through a local authority and housing association. Nine of the affordable flats were sold under a Government shared equity scheme. At the time of the BUS, 45 homes were completed and occupied. The kitchens are of various designs with open and closed-plan layouts, facing different orientations. In these homes, there are various kitchen ventilation methods; these include whole-house mechanical ventilation with heat recovery, intermittently operated extraction fans units positioned away from the hob, extraction ventilation by cooker hoods placed over the hobs, passive stack ventilation and continuous running mechanical extract fans.
[image: ] 
Fig. 3 Inverness development, view of front elevations of social and private dwellings facing towards a green space, with shared access roads for pedestrians and vehicles.

Glasgow (G) - Sheltered (GS) and Mainstream (GM) 
This 99-home inner-city development in Glasgow consists of a mix of sheltered flats (west-facing elevation shown in Fig. 4) for older adults (32) and mainstream flats (67) arranged over four floors. The development is situated along a busy main road in Glasgow. In the sheltered development, the kitchens have space for a small table. Almost all of these kitchens have non-opening windows looking into an east-facing internal circulation corridor that doubles up as a traffic noise buffer from the adjacent road. Three sheltered flats have opening kitchen windows with south-facing views. In these homes, the kitchens are ventilated using a centralised mechanical extract unit serving the kitchen and bathroom, which exhausts through a common duct to the outside. The mainstream flats have west and north-facing kitchens; there are a variety of kitchen designs, with some having room for tables. The kitchens are ventilated by intermittent mechanical extract fans remote from the hob. Properties are rented through a housing association. A small portion of the mainstream flats were sold under a Government shared-equity affordable housing scheme.
 [image: ]
Fig. 4 Glasgow development, view of the rear elevation of the sheltered flats; the lower floor is a communal zone. 
Dunoon (T) 
A rural coastal development in Dunoon, Argyll and Bute comprising 15 dwellings arranged in a mix of housing over two levels in a linked terrace. The dwellings range from 1-bedroom flats to 3-bedroom houses for the affordable housing sector. The internal layout is arranged to give sea views from the living and dining areas; subsequently, the kitchens face west, overlooking the access road and car parking. The kitchens were a mix of open and closed plan with intermittent mechanical extraction in the kitchens located remotely from the hob. One dwelling is a certified Passivhaus and is ventilated by opening windows and a whole-house mechanical ventilation unit with heat recovery; the extraction point is remote from the hob, and a recirculating cooker hood is above the hob. 
[image: ]
Fig. 5 Dunoon development, rear view of the terrace.

Results
This paper explored an existing qualitative dataset in a new way to determine how kitchen environments in new social homes affected the tenant’s experience of their kitchens. Of this sample, 70% of respondents were in a secured tenancy, and almost 85% of the cohort were over 30 years old (Fig 6). Data were evaluated through thematic review and categorised into five themes (Table 1), arranged to allow identification of negative and positive opinions (Fig. 7). The majority of responses related to design and comfort aspects of the kitchen; however, a small number of interviewees indicated outcomes that impacted how they live. These responses were included under social and diet themes to develop a holistic understanding and new insights into occupant experiences related to their kitchen spaces.  The results are described by each emergent theme and refer to Fig. 7. 

  
[image: ]
Fig. 6 Number of respondents, occupant demographic, occupancy pattern and tenure of homes surveyed

[bookmark: _Ref118812297][image: ]
Fig. 7 Percentage of respondents expressing kitchen-related responses in each emergent theme

Table 1 Five themes emerging from the analysis of the BUS data
	Theme	
	Thematic analysis considerations and definitions

	Architectural design and detailing
	Considers the responses relating to the physical size, room location within the dwelling and the occupant preferences for open or closed-plan layouts. The architectural design theme identifies aspects of the home that relate specifically to the design that are difficult to alter or change without significant structural alterations. 


	Building services and domestic appliances	
	The building services theme covers aspects that could affect indoor environmental quality and is related to energy consumption and perception of comfort in the home. It included comments on ventilation, internal air temperature, artificial and natural lighting, plumbing and energy consumption. 


	Fixtures and fittings
	This theme includes aspects of the building that can be replaced or removed, such as kitchen tables, cabinets, storage, work surfaces and the mounting height of cupboards. 


	Change in diet
	Where respondents specifically mentioned a diet change since moving to their new home.


	Social aspect
	Considers comments that relate to the entertainment of friends or family in the kitchen space.




Theme 1 - Architectural Design and Detailing
Responses in this category were balanced, with 43% and 45% stating positive and negative views, respectively. 2% had a neutral opinion. Positive responses were varied and included satisfaction with the location of the kitchen within the dwelling, its orientation, overall size and ability to have a table. Responses favoured both open and closed-plan kitchen layouts. An unexpected positive comment was made in the Inverness development (IV), where a resident referred to having a connection to nature and long views from a carefully positioned full-height kitchen window adjacent to their kitchen table. Another participant in a flat in the Glasgow Mainstream (GM) development highlighted that the "kitchen in summer is fab because of [its west facing] orientation"; the layout of the ground floor flats where this respondent lived gave direct access from the kitchens to a small private decked area. This was considered a welcome feature for viewing sunsets and sitting outside in the evening sun, alone or socially.
Some occupiers favoured the open-plan layout as it suited their lifestyle, stating it "Works well with young children". Opposing views were expressed by households with older children who believed that "everything is out and always on show".
Negative responses included the small size of the kitchen, lack of storage, orientation (north and west-facing), dislike for the style of cabinets, open and closed-plan layouts and non-opening windows in the Glasgow Sheltered flats (GS). A floor plan of the predominant layout of the GS flats, Fig. 8, shows a galley-style kitchen with a large window looking into the circulation corridor and a small table. The circulation corridor on the east elevation was designed to provide occupants with acoustic respite from the road noise and windows could not open due to fire regulations for protection of a fire escape corridor. In other homes, some kitchens were considered to have a "poor layout" that was "not adequate for a large family". In one property, a block of six identical two-bedroom flats in IV, the comments related to the disproportionally large kitchen area in the open-plan living home. During BPE research, interviews were conducted with this flat type’s design and contracting team. It was found that the layout of these properties was altered from a one-bedroom to a two-bedroom flat to meet housing association benchmark costs. This decision severely impacted the open-plan living space, as seen in Fig. 9, which caused unintended impacts related to the occupation of the sunspace to gain more usable space. These were not designed to form part of the thermal envelope and caused thermal comfort issues in the summer and winter. Small spaces in social homes resonate with Park’s (2017) research. 
[bookmark: _Ref118812441][image: ]
Fig. 8 Reproduction of the sheltered flat floor plan, GS, indicating the proximity of the circulation corridor to kitchens
[bookmark: _Ref118812421][image: ]
Fig. 9 Reproduction of the floor plan, IV, indicating the disproportionate size of the kitchen causing incorrect use of the sunspace
Occupants commented on draughts in the kitchen. Airtightness testing with air leakage tracing as part of the BPE revealed draughts were most prominent in poorly finished and hidden areas of the home, typically wall penetrations serving kitchen sinks and extract fan installations. An example of one draught that was detected is shown in Fig. 10a and 10b in IV. The air temperature at the floor level is around 15°C and impacts the occupier’s thermal comfort, causing the wearing of footwear in the kitchen area to keep the feet warm. In Barrhead (B), occupants of one flat complained about draughts at their necks when sitting at their kitchen table. The draught originated from an unsealed duct penetration for an extract fan. The occupiers explained how they wrapped a towelling bathrobe belt between the wall and the extract fan to reduce the draught. 
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	[image: ]


Fig. 10a and 10b Thermogram (a) and photograph (b) of the kitchen in a house in IV, indicating cooler air entering beneath a poorly fitting plinth, causing discomfort when preparing and cooking food and standing at the sink. Thermogram taken April 2014, as part of the two-year BPE

Orientation was raised by an occupant drawing attention to the north-facing aspect of their kitchen, remarking about the constant dark and gloomy feel affecting their mood. Bedrooms were positioned on the south side of this dwelling type, and the living areas, including the kitchen, were all north-facing; artificial lighting was used on the north side of the flat during the daytime. Occupiers of GS reported poor access to daylight; two participants reported replacing ceiling light fittings to "improve the quality of light" in the kitchen. An overwhelming majority of participants in this development complained about the "kitchen window [being] fixed closed". One participant stated, "The kitchen window doesn't open, so it gets too warm to cook in summer". Another echoed the problem, reasoning that the cooker type (solid plate hob) and lack of an opening window contributed to a warmer kitchen. Excess temperatures were recorded during the BPE in this house type, and several households used portable fans in the kitchens to promote air movement. 
Theme 2 - Building Services and Domestic Appliances
Of these responses, 20% were positive and 72% negative. Positive responses related to the ability to ventilate efficiently (GM and B) by opening doors and windows on opposite sides of properties (cross ventilation), daylight levels in the kitchens and double-height spaces (IV). While these issues overlap with architectural design, when designed well through inter-disciplinary design practices, these aspects can reduce operation frequency and energy consumption for building services, such as mechanical fans and artificial lighting. Some respondents viewed the provision of LED light fittings positively. However, this is a regulatory requirement in low-energy homes. 
In this theme, the respondents expressed the most significant level of dissatisfaction. The reasons were wide-ranging, with multiple problems that included kitchen mechanical ventilation, lack of commissioning, poor quality daylighting and artificial lighting design and placement, cooker hobs, and a heat pump's poor location in the kitchen.
In all the developments, comments were made about "cooking smells [that] lingered". In the Dunoon development (T), one of the respondents stated that the ventilation was "not fit for purpose". The respondents indicated that the lingering cooking smells impacted the types of food they would cook for themselves.
An unexpected comment concerning ventilation was made by an elderly resident in GS who referred to the noise frequency of the centrally located mechanical ventilation extract unit as interfering with their hearing aid. This annoyance caused the occupant to climb on a chair to turn off the fan unit after it was returned to the 'on' position by the warden in the development. This seemed an ongoing occurrence in this home, where the design increased the risk of the aged occupant sustaining a fall or injury. Extract fan noise was also mentioned as an issue in homes in GM and IV. Inspection of the mechanical extract systems during the BPE revealed poor quality and underperforming installations. In one flat in GS, the exhaust air duct was detached from the central extraction unit, depositing extracted kitchen (and bathroom) air inside a hall cupboard instead of venting to the external environment.
There were reports of kitchen plug sockets (GM) that were not connected to the electrical ring serving the kitchen, and one resident described noise in pipework (water hammer) when cold taps were operated (IV). The respondent reporting this indicated that the noise "is so loud it wakes our child, so I cannot use the taps when our child is sleeping". Presumably, the water hammer was heard in other flats in the building, yet other respondents did not mention it. Adequate commissioning would have identified this issue before it caused problems for tenants. 
Respondents commented on the lack of natural daylighting and poorly designed artificial lighting in GS, GM, IV and B kitchens. In these developments' the respondents viewed the placement of the central ceiling pendant light fittings as "ill-conceived". This was due to the worktops and sinks being installed along walls with the artificial light source behind the occupants when working in the kitchen, casting shadows over the sink, cooker and working environment.
Other negative remarks included noise from washing machines, especially in homes with openplan layouts, and the washing machine spin cycle causing structure-borne noise transmission between properties in a timber frame construction in IV. These noise issues could have been avoided by addressing the architectural design. 
In an open-plan house in IV, an exhaust air heat pump was installed in the kitchen. The occupant noted that the heat pump was "in the [open-plan] living space, and it is constantly humming in the background", which annoyed the residents. Furthermore, the ill-placement of the unit restricted the use of the kitchen sink; this problem crossed themes and is identified in themes 3 and 4. 
Theme 3 - Fixtures and fittings
37% of the questionnaire responses related to the kitchens' fixtures and fittings. Positive views were made by 12% of respondents, and 25% were less favourable.
Positive comments were received from occupants in GM and IV who purchased properties where "everything was in here [kitchen] was brand new when we moved in" they were "pleased with the quality of kitchen fittings". This comment was despite the kitchen units in the social properties being “of lesser quality”, as noted by the renters in GM. One of the respondents commented that "there are enough cupboards in the kitchen" and that the kitchen had "good cooking facilities". However, this respondent disclosed that their family was previously accommodated in one room, and moving to the home gave them many new opportunities. The kitchens being of lesser quality in the rented homes in GM would raise an equity issue and potential unforeseen health impacts should the volatile organic compound (VOC) emission rate from the kitchen cabinets be higher in the rented homes compared with the higher-quality units in the affordable homes in the same development. 
Negative comments related to the quality, quantity, the depth of wall cabinets and their mounting heights (too low and too high), cluttered worktops, kitchen sinks and breaks in the run of installed low-level cabinets intended for kitchen appliance installation. When the BUS asked about the house's appearance, all but one comment related to the house’s external appearance. One comment was made by a participant in T who expressed dissatisfaction with the "basic units in the kitchen". It was their view that the kitchen appearance let the home down. Some of the homes in this development had an open-plan layout, and this perception could impact social interactions with people from outside the family in this home. 
Residents in GS gave negative opinions relating to the mounting height of the kitchen wall cabinets. These were considered "too high, and I can't reach the wall cupboards". This comment was echoed by a GS resident who was a full-time wheelchair user who also reported difficulty accessing the low-level cupboards. Despite meeting the building regulation guidance for the home, the tenant had difficulty manoeuvring their wheelchair around the flatted dwelling, discouraging using the kitchen and opening cupboard doors. In B, constructed for retirees, wall-mounted cupboards were installed lower to permit easier access for older tenants. The lower-level cabinets impacted the use of the kitchen worktop as the resident’s heads would hit off the wall cupboard doors, and the mounting height restricted the placement of a standard-sized microwave. 
In GM, wall cupboards were "too narrow for dinner plates, and there is only one set of drawers with three drawers [600 mm wide] for storing all the pots and pans [cutlery, utensils] and dinner plates". In these homes, the design of the base cabinets left three empty 600 mm spaces for free-standing appliances. At least one remained vacant throughout the BPE period, becoming an open store for shopping bags and items too tall for the cupboards. In a house in IV, the only space available for a fridge was beneath the worktop; it was noted that owing to the "small fridge, we have to shop more often". The nearest supermarket was a short drive away, with frequent shopping trips impacting the occupant's time, potentially increasing grocery spend and fuel consumption. While outside the scope of this paper, the location of the local supermarket to the development has broader environmental and outdoor air quality implications. 
Poor build quality in a kitchen in B was highlighted where the 600 mm space for the fridge/freezer was found to be inadequate. While this opening was the required width at the front, it narrowed at the rear. The tenants removed the skirting board to fit the fridge/freezer into the space. When the appliance was in position, the internal wall to one side of the opening restricted the door opening, impacting the withdrawal of the interior shelving and drawers in the fridge and freezer compartments. To overcome this, the occupants pulled the appliance forward by approximately 300 mm. Consequently, the space behind the fridge/freezer became soiled with food crumbs, dust and grease. Other observations made during the BPE in development B included a tumble dryer in a bedroom due to a lack of kitchen space.
The occupant in IV with the noisy heat pump indicated that the house had a "small kitchen area, [and they] can't fit saucepans in the sink". As well as this, the placement of the heat pump immediately beside the sink unit (Fig. 11) restricted elbow room for washing up, influencing the types of food the occupants cooked and limiting the use of large saucepans or oven trays. 
[bookmark: _Ref118813352][image: ]
Fig. 11 Development IV shows the kitchen with the heat pump adjacent to the kitchen sink.
Limited storage space in all homes visited during the BPE meant kitchen gadgets were permanently on worktops. Items included toasters, bread bins, kettles, microwaves, sterilising equipment and coffee makers. While it is not unreasonable for these to be kept on the countertop, this practice impacted the space available for food preparation. 
Some of the respondents (GM, B, IV) were satisfied with the physical size of the kitchen but noted they had "added [additional] storage as what was supplied in the kitchen was not adequate". An occupier in IV sourced kitchen cabinets and worktops to match the original kitchen and fitted these to increase storage and workspace in the small galley-style kitchen. While the design aesthetic was maintained, the additional cabinets impacted the floor area in the already small kitchen and restricted access for opening the kitchen windows; these were at a high-level and the only windows in this kitchen. In two other developments, GM and B, respondents indicated that they had installed wall-mounted shelving within the kitchens to increase storage capacity.
Theme 4 - Changed diet
The BUS gathered information on lifestyle through a series of questions, including probing whether people's diets had changed since inhabiting their new homes. A small percentage of occupants responded to this, having 6% negative and positive responses. One participant highlighted that their kitchen was better than the one in their previous accommodation, and one household was cooking homegrown produce. Negative comments included restricting cooking food that gave off a strong odour, such as fish and roast chicken, high indoor temperature, and the lack of storage impacting food choices.
Several residents in GS told of dietary improvements due to the self-organisation of a "lunch club" held in the common room rather than related to their kitchen environments. But despite access to a commercial kitchen in the communal area, the catering was carried out in one of the resident’s kitchens. This occupant was engaged with the two-year BPE programme and consistently complained of poor kitchen lighting, ventilation and high electricity bills. 
The remaining positive response was made by a resident in GM who referred to an improved diet as the kitchen in their home had "good cooking facilities". These comments were unexpected as other residents in the same development indicated they had poor cooking facilities. For this respondent, they had "more routine in [their] diet as the kitchen is great to cook in". The comment was articulated with improved mental health outcomes, resulting from being able to home-cook meals and creating a positive outcome for the entire family.
A participant in T reported adverse outcomes for lack of motivation that affected their diet: "getting lazier [I] don't cook for myself much". This response could be related to several factors not explored by the BUS. However, the tenant also expressed dissatisfaction with an earlier question about the kitchen appearance, which could impact their desire to spend time in the kitchen. Another respondent in the same development recognised their dislike of open-plan living, noting cooking smells were problematic and "there are things like fish I can't cook". A tenant echoed this in an open plan home in IV, and attention was drawn to a lack of cooking implements: "We also don't have many kitchen utensils as there is no storage space, so we have had to change how we cook".  
An elderly occupant in GS disclosed an inability to "cook in the summer as it gets too hot in the kitchen. I now have to have microwave meals. I have never eaten ready meals until moving here". High summertime temperatures in this development were verified during the BPE (Morgan et al., 2017). However, in GS, other factors relating to a lack of natural light might also impact whether occupiers want to spend time in their kitchens, especially when there are high visual contrast differences from the room the kitchen is accessed from. 
Theme 5 - Social Aspects
The positive social aspect of kitchens was disclosed by 9% of respondents and negative by 1%. The positive comments centred around the communal facilities in GS. For those who participated in the communal eating, their need to use their kitchens was reduced. Even though the communal areas were used five days a week, one of the respondents who lived alone indicated that the development was "very quiet at the weekend because you don't see people at all. That gets me down, and I find it quite depressing". Loneliness in the aged population is outside of the scope of this paper. Still, the comment focuses on the impacts of isolation and how positive social interaction can stimulate mental health and well-being outcomes, which is especially relevant for older adults who live alone. Sharing meals is one way of improving interaction with others from separate households. 
A kitchen in IV overlooks and opens onto a west-facing garden area. The occupant stated, "I like being able to be in the kitchen and still see the kids if they are playing in the garden". This home was involved in the BPE, and the kitchen has a large glazed area permitting easy surveillance of their children in the garden.
In a home of different design in the same IV development, the occupants of a two-bedroom ground floor flat commented that "the open-plan layout works well, it's nice when we have visitors. Nice and bright, and [we] can open [the] door onto [the] decking", accessed through an internal sunspace off the kitchen, facing west. While they enjoyed their home and social gatherings, respondents on higher floor levels in the same block commented that the occupants on the ground floor frequently had barbeques with friends. This affected the comfort of the occupants on upper floor levels, who were forced to close their windows due to smoke and noise admittance. There were reports of increased stress, anxiety and depression among residents in this block. Two of the monitored flats in this block had indoor summertime temperatures that exceeded 30°C, indicating the need to open windows in the evenings to help cool these homes. Cooling was not possible when ground floor occupants were entertaining outside. While the use of external space for cooking is not linked to kitchens per se, the design of the flats allowed the ground floor flats to extend their kitchens to the outside, which affected other residents' comfort, health and arguably the community cohesion. 
Discussion
This paper presents a qualitative analysis of BUS data compared with observations and occupant feedback from forensic BPE research conducted in five new social housing developments in Scotland. BUS aims to gather overall satisfaction at the development level and has limited opportunities for assessment of design aspects that impact the occupiers. This is an under-researched area in BPE, and the spontaneous responses included a wide range of praise and concerns related to their kitchen environments, indicating that kitchen function was important. This study aimed to narrate the impacts of kitchen environments on occupiers of low-energy social dwellings in Scotland. While the present study is region-specific, it should be noted that small and similar kitchens are prevalent in social housing throughout the UK and other countries where housing has small footprints, making this research relevant beyond Scotland. 
The juxtaposing nature of negative and positive reviews indicated the limitations of BUS for obtaining necessary information about how modern kitchen environments affect the intended users. While BUS was not designed to evaluate kitchens, this analysis was significant in at least two regards. Firstly, the tenants were not prompted to discuss their kitchens, they voluntarily discussed aspects of their kitchen environments as part of a housing satisfaction survey. Secondly, comparing the responses against detailed BPE knowledge increased the insight into the real-world issues occupants face with regard to their kitchens. More research in this area could lead to policy updates for creating housing equity for social housing tenants and meeting the broader sustainable development goals.
Overall, the tenants expressed more negative than positive views of their kitchens. The thematic analysis revealed contrasting statements within and across developments, some suggesting cause-and-effect relationships that traverse themes and result in altered behavioural patterns. Mapping the connections between themes and understanding the origins of the problems through the BPE indicated that the majority of the issues were linked with ‘architectural design’ (Fig. 12). For example, draughts originating from the plumbed and mechanical services penetrations relate to the building services theme, however careful airtightness design could reduce the energy consumption and the draught discomfort experienced. The main findings of this study are discussed in more detail in the following sections.   
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Fig. 12 Hierarchy of themes derived from the analysis

Unintended Consequences
Several issues identified through BUS and BPE affected the occupiers' living experience. Almost half of the responding cohort in GS indicated that the inability to open their kitchen window was their home's most significant drawback. The design decision was made to include a noise buffer from the main adjacent road. Three respondents reported the road noise as problematic, and only one tenant remarked positively about the success of the noise buffer corridor. The lack of comments might indicate a successful design, but it was clear from other related comments that the negative aspects of the non-opening windows outweighed the positives. In these homes, the central ventilation unit for the kitchen extraction was designed to meet the building regulation airflow rate of 30 litres per second and was activated when the light switch was operated; the ventilation system was not designed to have a ‘boost’ extraction rate. Occupants experienced difficulties removing cooking odours and excess heat; the latter was especially problematic during the summer months. Other drawbacks of this design included acoustic issues associated with fan noise, and poor installation practices created potential health risks. The design intent included ‘borrowed light’ from the circulation zone; in reality, the low daylight admittance in these kitchens caused increased use of artificial lighting and, therefore, ventilation energy when the kitchen was in use. These architectural design issues impacted the electrical costs, comfort and, in some cases, the diet of the occupants who avoided the kitchens when the air temperature was high. This situation highlights complex and interlinked challenges for the design of kitchens. 
Lighting in the kitchen environment falls into two categories: natural daylighting and artificial lighting were articulated in the BUS responses. While in the rural homes, IV and T, there was an appreciation of good daylight levels and views; it was of note that the architectural design of homes in these developments had larger glazed window areas, some framing attractive views of external landscapes. Window design in the urban and suburban sites seemed less considered, particularly window placement, size and orientation. Occupants indicated that the lack of windows and poor positioning of the artificial light impacted their time in the kitchen. Dissatisfaction was evident in kitchens with north-facing windows; occupiers in these homes felt the kitchens were dark and gloomy, which over time, can affect the occupiers' mental health and well-being (Münch et al., 2017). In other homes, the central ceiling light and position of the kitchen user cast shadows over the working, cooking and washing up areas. This problem was identified in a previous study (Hrovatin et al., 2012), yet there are no regulatory requirements for considering the provision for artificial lighting design to carry out tasks safely. Low light levels increase the risk of accidents in kitchens (Brown & Jacobs, 2011), and activities such as food preparation, cooking, baking and reading recipes, cooking instructions and food expiry dates can be challenging for some kitchen users, but are tasks central to kitchen activities. Optimum lighting levels are needed for tasks to avoid eye strain, and designs could include supplementary lighting. The unintended consequence was the increased use of artificial lighting at all times of day, increasing household energy consumption and potential impacts on the occupier’s mental health. However, assessment criteria for artificial lighting within a low-energy home relate to whether the designer states whether low-energy lighting is to be installed; no checks are made once the dwelling is constructed. Occupant interventions to increase lighting levels are not captured in the zero-carbon homes policy and, therefore, can contribute to an operational performance gap, where the home uses more energy than the design predictions. 
Those favouring open-plan layouts used the space for socialising and supervising young children; this cohort did not complain about internally generated cooking smells. Respondents criticising open-plan layouts cited kitchen noise and the migration of cooking aromas to other parts of the home. Interestingly, participants of closed-plan dwellings commented about the kitchen-related odour in different rooms in the home. The unintended consequence of lingering smells allows moisture, heat and harmful indoor air pollutants to move through the house. Therefore, under-ventilated kitchens present increased health risks for the tenants. During the BPE, it was identified that noisy mechanical extract units were often unused due to the noise and concern and perceived high running cost. However, this is often termed ventilation misuse and the avoidance reasons need to filter through to designers, house builders and housing providers. 
Measurements of the mechanical ventilation airflow rates were taken during the BPE. Out of 11 kitchen fans tested, five had sufficient airflow rates. As installed in these homes, mechanical extraction air flow rates for intermittently operated units have been included in the Building (Scotland) Regulations since 1990 without change. Therefore, the ventilation should have optimum performance in accordance with the regulations. The recent regulatory requirement for commissioning ventilation systems in dwellings is a welcome addition. Future research in this area will show how well this is working in practice. While kitchens with adequate ventilation air flow rates could extract some cooking pollutants, they are not designed to remove summer heat gains. The unintended consequence of overheated kitchens can lead to avoidance of the room, as identified in this study, where an elderly tenant reported preparing microwave meals in summer to limit the time spent in the kitchen. Severe health effects of overheating in dwellings are well-known (Climate Change Committee, 2022), but no previous research related to occupant experiences and changed diets due to indoor air temperature was found. This is an important issue for future research since predictions indicate warmer external summer temperatures and increasing overheating risk in low-energy homes. It should be emphasised that insulated, airtight homes can keep heat out in the summer; however, this is reliant on good architectural design.  
Airtightness is a design feature of good quality homes; the impacts of living in a draughty house can have several unintended consequences, including i) increased expense for space heating, ii) localised cold spots in the building fabric, increasing condensation risk and mould growth, iii) occupant discomfort, iv) stress and mental health impacts and v) infiltration of outdoor pollutants. While occupant actions can reduce the effects of draughts, they do not remedy the unintended consequences. In B, for example, an occupant avoided the kitchen as much as possible and ate meals in an armchair in the living room to limit draught discomfort. The other occupier of this home ate meals at the kitchen table. The compounding effect of households consuming meals separately can impact family relations in the long term. This is the reality of poor detailing in architectural design, indicating designs need to consider more than heat loss, primarily to support equitable housing policies.   
Some occupants mentioned insufficient storage for food and appliances, and occupants in IV, B, and GM made interventions to increase their kitchen storage space. Worktops were commonly used to store items such as those for aiding food preparation and steam sterilisers for baby feeding equipment. While Wansink et al. (2015) found a link between keeping foodstuffs on work surfaces with potential weight gain, the kitchens in the homes accessed were crowded with non-foodstuffs, presenting an opportunity to determine relationships with diet. Simple design steps such as increasing the worktop depth from 600 mm to 750800 mm could help improve available working space, allowing worktop stored items to be pushed towards the rear and free up horizontal working space.   
A positive outcome of the kitchen environment was received from a respondent in GM who attributed diet and mental health improvements to the ability to prepare home-cooked food. The respondent reported increased confidence that led to finding employment and the opportunity to be reunited with their children long-term. Probing further, would determine whether the positive outcome resulted from the kitchen environment or overall improvement in their housing situation. Although this is one household, their situation demonstrates how social impacts can be interlinked with the kitchen environment, highlighting the need for more attention to kitchens in all housing types. 
Implications
[bookmark: _Hlk157793242]Through exploration of BUS responses, some occupant responses implied that kitchen environments presented a series of unintended consequences and potential health and well-being impacts. The occupant bears the social and health costs throughout their lives, and the Scottish National Health Service bears the costs of treating the symptoms of ill health. Information presented in this paper would not have been possible without the knowledge gained through a forensic BPE programme, and the outcome suggests BPE as a viable tool that could be expanded to learn increased lessons from occupied housing to feedback to design loops and policymakers. This is particularly relevant for achieving tenure blind dwellings, and recognition that housing inequalities encompass more than affordable heat. 
Although the dwellings in this study were designed to be low-energy and meet or better the building regulations minimum standards, evidence of in-use performance gaps were identified. These include increased energy consumption, insufficient lighting, lack of views and poor ventilation that impacted the occupants in diverse ways. While low-energy homes can reduce issues associated with fuel poverty, other issues require further research. Holistic design considerations surpass low-energy labelling of houses, and the industry needs to move away from mono-focused design practices. By calling the homes low-energy, this identified that they were not intended to be environmentally, socially and economically sustainable from the outset. This is not a negative reflection on the part of the clients and designers but reinforces the need for further research to influence client groups and the broader construction industry that there is still a way to go before social housing is equitable with homes in the private sector. 
Conclusion
This study gathered occupants' views of their kitchens using secondary qualitative BUS data from a long-term detailed BPE programme in five developments in Scotland. The issues raised during the survey were wide-ranging, and through thematic analysis, five themes emerged. This data was compared against in-depth knowledge from the linked BPE programme that the BUS survey formed a part of. This study found associations between kitchen environments and unintended design consequences on occupants. These included architectural design features of draughts, poor daylight, poor and noisy ventilation, non-opening windows in kitchens and problems locating kitchen appliances. Some findings were not directly linked to low-energy homes, indicating the opportunity for further exploration through focused studies. It is essential to understand in greater detail whether the tenant’s adaptive behaviours can lead to potential impacts on their diet and their respiratory, physical and mental health. Although this study is not exhaustive, it revealed design factors that affected people in their kitchens. Additional research is needed to establish whether kitchens in social housing are equitable and promote positive health and well-being impacts for the occupants. The current net-zero carbon housing policy has a mono-focused affordable energy outlook. If the ultimate goal of equitable housing is to be achieved, research is required to determine other housing impacts.  
[bookmark: _Hlk157857025]While the data provided insight into the occupant’s experiences, it was enriched with known occupant experiences from households involved in a more detailed BPE study. Demonstrating the importance of growing BPE and POE capacity in the UK as their work simultaneously measures building performance and examines occupant experience through additional qualitative methods. It is recognised that this study was limited due to the lack of targeted questions and small sample size. Still, there was a recognition that occupier experiences were similar in differing house types and across developments, indicating a need for feeding back to architects and other housing designers. Occupant experiences are an essential element of the feedback loop, and social housing tenants’ voices need to be heard. The expansion of feedback loops is possible through making minor changes to current BPE approaches. More attention to indoor space and function is required to support people’s long-term health needs. 
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