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iii. RESEARCH SUMMARY 

 

Internal ref. no. (or short 
title) 

In2Air 

Study Design non-randomized natural experiment 
 

Study Participants Elderly human participants in social housing in Newcastle 
upon Tyne, Tyne and Wear, UK 
 

Planned Sample Size 30 bungalows 

Intervention Informed by the Citywide Decarbonisation Delivery Plan, the 
optimal intervention has been designed to reduce by half the 
heating consumption in social housing focussing on fabric 
improvement measures. The planned interventions include a 
mix of: new windows, loft insulation (300mm thickness), new 
front doors (1.2w/m2K), decentralised mechanical extract 
ventilation, solar panels.  

Follow up duration Approx. 12 months after intervention (matching 
month/season of pre-intervention baseline monitoring) as 
part of a separate, follow-on, study. 

Planned Data-collection 
Period 

Minimum 3 weeks pre-intervention baseline data collection. 

 Objectives Outcome 
Measures 

Primary 
 

Deployment of low-cost monitors to measure 
matched indoor and outdoor air conditions for 
> 3 weeks duration before homes are 
retrofitted. The monitored parameters: PM2.5 
via a particle count approach; CO2; 
temperature and relative humidity. All 
sensors are combined within a single monitor 
unit with a screen showing easy to read air 
quality indicators. To reduce the burden on 
the participants and contain study costs, one 
combined indoor monitor will be placed in the 
living room of each home, and one outside 
the property (so we can correct for relevant 
external factors). Monitors set to record at a 
minimum of 10-minute intervals.  
 
 

Indoor 
concentration 
of PM2.5 

 

Secondary 
 

Indoor 
concentration 
of CO2, 
temperature 
and humidity 

Secondary 
 

Multiple approaches and data sources to 
quantify, assess and monitor domestic 
energy consumption (DEC).  
1) a walk-through Level 1 Energy Audit to 
identify the various household energy uses 
(all homes in the study cohort),  
2) up to 12-months gas and electricity bills 
reviewed for each home to understand 
energy usage patterns and seasonal variation 
(all homes on the study cohort),  

energy 
consumption 
in homes 
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3) higher resolution data will be extracted and 
used for the analysis if the home has a smart 
meter installed 
4) to establish a baseline energy consumption 
for the selected bungalow archetype, a 
separate short-term (3 – 6 months) 
monitoring study for electricity and gas using 
energy data loggers and heat meters will be 
conducted on a limited number of homes, with 
data logged at 15-minute intervals to create 
daily, weekly and monthly profiles of energy 
use, in addition to a long-term (12 months) 
submetering period. 
 

Secondary 
 

Use of modified standard questionnaire 
instruments to collect baseline data on i) 
home characteristics (e.g. Likert scale 
questions on thermal comfort within the 
building, prevalence of condensation, damp, 
mould) and activities/behaviours that 
influence indoor AQ, and ii) occupier 
characteristics (e.g. age, gender) and self-
reported health and wellbeing collected for all 
adults in each household (SF-36v2 and 
modified ICECAP-A survey).  

general 
health and 
wellbeing 
metrics 
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FINANCIAL AND NON FINANCIAL 
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National Institute for Health and Care 
Research (NIHR) Public Health Research 
(PHR) Programme 

6 months financial funding under Call Title: 
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Newcastle City Council (NCC) Staff time. 
Air pressure testing funded as part of 
NCC’s intervention package. 
Detailed energy monitoring on 2 homes. 

 

In addition, relevent expertise is also provided by members of the Study Steering Committee 
(see Appendix 1) 
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Project Management Board 

A monthly Project Management Board (PMB), comprising the entire multidisciplinary 
research team, are responsible for the research design, conduct, data analysis and 
interpretation, manuscript writing, and dissemination of results. The PMB will provide strategic 
oversight and decision-making and monitor progress towards milestones. Information on the 
Board can be found in Appendix 1. 
 
Project Operation Team  
Day-to-day project management (including data monitoring) will be through a Project 
Operation Team, with weekly meetings of the two PIs, the Council partner and the Senior 
Researcher (moving to bi-weekly from month 3) to ensure all practical details of the research 
delivery are progressing and working well and everyone within the research team understands 
them. Other members of the research team invited as relevant.  
 
Study Steering Committee (SSC) 
Chaired by Co-I Namdeo, the SSC will meet at the end of month 1 to consider and inform final 
version of the protocols and PPI activities, in month 4 to receive progress report and review 
PPI activities. SSC members will receive a copy of the final report for comment. Information 
on the committee (and membership) can be found can be found in Appendix 1.  
 
Community Steering Committee (CSC) 
The Community Steering Committee (CSC), drawn from residents in the study location and 
chaired by the project PPI lead. The CSC provides advice on community engagement 
(newsletter drops, Newcastle Independent Tenants Voice (NITV) Facebook group, local 
engagement events), organises local meetings and confirms preferred shared communication 
platform for the group. A CSC member will join the SSG. Information on the committee (and 
membership) can be found can be found in Appendix 1. 
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Community partcipants have been, and continue to be, involved in all elements of the 

protocol design (for further details see Appendix 2). 

A range of relevent expertise is also provided by members of the SSC (for further details see 

Appendix 1). 

 

viii. KEY WORDS 

indoor air quality  

fuel efficiency   

building fabric improvement measures 

social housing decarbonisation 
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1 Background and Scientific Rationale  
With an energy price crisis exacerbating the prevalence of fuel poverty, unprecedented 

increases in the cost of living and challenging targets to reduce the production of greenhouse 
gases (the ‘net-zero’ challenge), the energy efficiency of homes is of national and international 
importance. At the same time, air pollution is one of the main causes of ill health and premature 
deaths worldwide. Tackling climate change (through reduced household energy use), together 
with improving indoor air quality offers a significant opportunity to improve residents’ health 
and wellbeing.  

Air pollution is a leading cause of mortality and morbidity worldwide and a major driver 
in health inequality; it disproportionately affects the young (it can damage growing lungs and 
stunt growth), older people (who may spend significant periods in the home), those with 
compromised immune systems or with relevant pre-existing medical conditions (e.g. chronic 
obstructive pulmonary disease [COPD] and asthma) and those who live in deprived areas, 
typically with higher levels of  air pollution (outdoor and indoor) and in poor quality housing [1].  
Given we spend a great deal of our time indoors, indoor air quality (AQ) is central to our health 
and wellbeing and improvements to the indoor environment can be an important mechanism 
for addressing health disparities among low-income and vulnerable populations [2].  

NICE guidelines [1] and systematic reviews of household air pollution [3,4] highlight 
health risks posed by poor indoor AQ. There is clear evidence that both short and long-term 
exposures to particulate matter (PM) are associated with increased mortality from all causes, 
cardiovascular disease, respiratory disease and lung cancer [5,6]. Recent epidemiologic 
studies demonstrate strong evidence for a causal relationship between short-term PM 

exposure and asthma exacerbation, COPD exacerbation, and combined respiratory-related 
diseases [7]. Given the significant public health implications of exposure to high levels of PM, 
especially in individuals who have asthma or other respiratory related health issues [1], our 
primary outcome measure will be indoor PM2.5 concentrations as a surrogate health indicator. 
Potential sources of PM indoors include the ingress of outside air, cooking, heating, smoking, 
cleaning, burning candles and a range of other occupant activities [1,8,9]. Although no legal 
limits exist for indoor PM concentrations the new, more stringent, WHO guideline values for 
annual mean PM2.5 (5 ug/m3) exposure reflect findings of health effects at much lower 
concentrations than previously suggested [10]. 

Whilst improving household energy efficiency can improve thermal comfort and reduce 
fuel poverty, air sealing of houses can result in poorer indoor AQ, increasing the subsequent 
risk of allergic and respiratory diseases. During the past decade, researchers have 
investigated the benefits of a wide range of green building practices and policies on energy 
efficiency, indoor AQ and human health and wellbeing [11]. Whilst improvements in general 
health and wellbeing in adults have been associated with green-retrofit interventions [12,13], 
results are often equivocal and typically reflect the range of interventions that are co-deployed 
under this broad term and other confounding variables, such as behaviours of the occupants 
and the presence or not of mechanical ventilation [14-18]. Ventilation with outdoor air plays 
an important role influencing human exposures to indoor pollutants [19]. Studies have shown 
homes without active mechanical ventilation can have PM concentrations approximately 
double those in homes with such systems [15]. Health problems associated with low building 
ventilation rates are well documented, though the need remains for further exploration in 
residential contexts [19]. A recent study of household energy efficiency interventions across 
social housing in SW England (n=706 homes) concluded that living in energy efficient homes 
may increase the risk of adult asthma, with a reported per unit increase in household energy 
efficiency associated with a 2–3% increased risk of adults seeing a doctor for asthma [20]. 
The reasons for this were unclear and indoor AQ was not directly monitored.  

The 2019 Conservative Manifesto committed to a £3.8bn Social Housing 
Decarbonisation Fund over a 10-year period to improve the energy performance of social 
rented homes, on the pathway to Net Zero 2050. Due to the scale of the task a phased 
approach is required, prioritising a fabric first approach (with interventions like external wall, 
loft and under floor insulation), to reduce the energy demand and prioritising the poorest 
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performing housing stock. A fabric first approach is a common low-tech intervention method 
to reduce energy demand and provide more comfortable environments for occupants. Yet few 
studies have evaluated the effect of a fabric first approach, with continuous mechanical 
ventilation included in the retrofit design, on indoor AQ in occupied affordable housing. 
Affordable housing organisations operate on very limited budgets, and additional costs of 
mechanical ventilation above those required for minimum regulatory compliance can be 
prohibitive. Newcastle City Council (NCC) have recently secured a Social Housing 
Decarbonisation grant, providing a timely opportunity and a clear need to engage households 
with the home ‘indoor air quality and energy challenge’. A unique contribution of the proposed 
study is that it is focused on the effects of energy efficient refurbishment, with mechanical 
ventilation, in existing affordable housing. To deliver net-zero changes across all social 
housing stock will take time and our findings will directly inform decision making of council 
retrofit teams across the UK and their ongoing decarbonisation plans with regards to energy 
and to health as we approach the UK Governments 2050 target.   

With the ageing population in the UK set to double, from 10 million in 2010 to 19 million 
by 2050 [22,23], comes an increasing demand for higher indoor air temperatures due to age-
dependent changes in thermoregulation, exacerbated by longer periods of time spent at home 
[24]. With higher temperatures required for comfort and the daily heating period extended, this 
impacts significantly on both space heating demands and appliance use. Working in 
partnership with NCC, we have selected the bungalow archetype occupied by residents aged 
>65 years, located within the Green Estate, Walker, Newcastle upon Tyne. Walker is ranked 
45 out of 32,844 in England in the latest Index of Multiple Deprivation scores where 1 is the 
most deprived. NCC’s target and funding is for 91 bungalows to be retrofitted regardless of 
whether households chose to participate in the research study; due to economic constraints 
we are only able to monitor 30 of these homes but will survey all the older occupants residing 
in these 30 homes. Initial contact with tenants in this target community of 91 homes will be via 
NCC’s Fairer Housing Unit and their housing management organisation (Your Homes 
Newcastle), using their established electronic and in-person communication mechanisms.  

 
 

2 RESEARCH QUESTION, OBJECTIVES AND OUTCOME MEASURES 

This 6-month study is a non-randomized natural experiment to collect baseline data as the 
foundation to answer our overarching research question:  
 
What is the impact of energy efficient retrofit interventions on indoor air quality, household 
energy use and self-reported general health wellbeing, on older householders’ living in social 
housing?  
 
Working within budgetary constraints and to reduce uncertainties associated with different 
building typologies and occupier characteristics, this baseline study will focus on 30 bungalows 
with tenants > 55 years of age.  
 
2.1 Outcome measures 
Primary Outcome Measure: Indoor concentration of PM2.5 
Secondary Outcome Measure 1: Indoor concentration of CO2, temperature and humidity 
Secondary Outcome Measure 2: Household energy consumption  
Secondary Outcome 3: General health and wellbeing metrics 
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3 PARTICIPANT ELIGIBILITY CRITERIA 
This section sets out precise definitions of which participants are eligible for the study, defining 
both inclusion and exclusion criteria. The inclusion criteria define the population the study is 
aiming to include. Exclusion criteria excludes sub-groups of the population due to, for example, 
safety and other confounding variables.  

3.1 Inclusion criteria 

• participants capable of giving informed consent. 

• current resident of the Green Estate bungalows, Walker 

• resident in current dwelling for >4 months (residence for this study is defined as 
spending at least 5 nights per week in the home). 

• plan to reside in the property throughout the next 18 months. 

• not on a prepayment meter. 

• if smoker, agreement to refrain from smoking indoors during the air monitoring 
period. 
 

3.2 Exclusion criteria 

• Participants who are unable to provide informed consent.  We consider this exclusion 
to include vulnerable adults (most likely those requiring support worker/s). 

• Participants younger than 55 years of age. 

• Any participant who, in the judgment of the investigator (such as due to personal 
safety concerns), should not participate in the study.  

 
 
4 STUDY PROCEDURES  
4.1 Recruitment 
This section describes how elderly human participants in social housing are identified and 
recruited and includes details of the participant eligibility screening process for the project. 
 

4.1.1 Participant identification 

NCC owns almost 25,000 homes in the city of Newcastle upon Tyne and it is estimated that 
to achieve net zero it will require the majority of these properties to be upgraded, costing 
£434m and reducing CO2 emissions by 92%. This will require carrying out deep retrofit 
measures using a fabric first approach, improving air quality and reducing energy demand by 
increasing air tightness and insulation values and introducing new low carbon heating 
systems. These measures will significantly change the internal living environment. NCC has 
secured £3m from the UK Government Department for Business, Energy & Industrial Strategy 
Wave 1 Social Housing Decarbonisation Fund towards the £6m costs to insulate 277 
properties in two estates in the east of the city. The first estate consists of 91 Council owned 
one bed bungalows occupied by elderly tenants; these homes form the target study cohort of 
30 homes.  
 
In late August 2022, the 91 homes and their occupants received details via communications 
from the delivery specialist team at Your Homes Newcastle of the planned retrofit works and 
information on voluntary participation in the In2Air study.  

 
Working in collaboration with the delivery team at Your Homes Newcastle and the warden of 
the estate’s community centre, a range of activities and resources are under development to 
drive interest and recruitment. Resources include: publicity flyer, project website, community 
engagement events. 
 
For detailed information available for participants see the Participant Information Leaflet (PIL; 
appendix 2). 
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4.1.2 Eligibility Screening 

Following participant expression of interest, members of the research team will set up a 
phone or F2F meeting to assess suitability against the noted inclusion and exclusion criteria. 
Participants who do not meet eligibility criteria will be informed immediately at the end of the 
screening interview. 

 

4.1.3  Payment  

To remove financial barriers to study participation we will provide financial 
incentives/compensation. Financial incentives/compensation for participation will cover costs 
incurred related to time spent with a researcher and energy use of the sensors. Up to £80 per 
household: £20 voucher at initial home visit; £20 voucher at end of first 4 weeks monitoring 
(month 1); £20 voucher at end of further 4 weeks of monitoring (month 2); £20 voucher at end 
of further 4 weeks of monitoring (month 3). A similar financial incentive/compensation is 
available for those households who host fuel monitoring equipment. 
 
To remove mobility barriers participants can undertake all elements of the study from their 
home. 
 
To remove language barriers we will provide translated study materials where relevant. 
 
To remove time barriers we have co-developed easy to complete study materials through 
previous PPI and will continue to co-develop these materials. 
  
 
4.2 Consent  

The co-PIs retain overall responsibility for the conduct of research. Informed consent is to be 
obtained prior to the participant taking part in the study, recorded by a signed Participant 
Consent Form (PCF) following a verbal discussion between the potential participant and an 
individual knowledgeable about the research. This will allow the opportunity for potential 
participants to ask questions and for the researcher to outline the nature and objectives of the 
trial and possible risks associated with participation. As delegation of consent is granted to the 
Senior Researcher on the project the co-PIs will ensure that they are trained and competent 
to participate according to the ethically approved protocol.  

As detailed in the PIL, any participant has the right to refuse participation without giving 
reasons; remains free to withdraw at any time from the study without giving reasons and 
without prejudicing his/her further treatment and is provided with a contact point where he/she 
may obtain further information about the study; data and samples collected up to the point of 
withdrawal will only be used after withdrawal if the participant has consented for this (any 
intention to utilise such data are outlined in the consent literature).  

Written materials provided to potential participants (e.g., participant information leaflet and 
consent form; included in Appendix 2) are approved by Northumbria University Research 
Ethics Committee (REC) and are in compliance with local regulatory and legal requirements. 
The PIL and PCF explain what information are being collected, how we are going to use it and 
the lawful basis under which the data is processed. Participants will also receive a copy of 
Northumbria University’s Research Participant Privacy Notice. 
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4.3 Baseline data 

Using an array of validated/well-established data collection methods, this 6-month study will 
collect the following baseline datasets before these 30 homes undergo a fabric-first 
intervention:  
i) paired indoor and outdoor concentrations of particulate matter (PM2.5); indoor carbon dioxide 
(CO2) concentrations (elevated levels are regarded as sign of inadequate ventilation and often 
used as a surrogate measure of the amount of outdoor air introduced into the home [9,21]);  
ii) paired outdoor and indoor temperature and humidity (due to their effect on mould growth 
and thermal comfort [1]);  
iii) energy consumption, and  
iv) self-reported general health and wellbeing. 
 

We will deploy low-cost monitors to measure matched indoor and outdoor air conditions for 
minimum 3 weeks duration before the homes are retrofitted. PM2.5 will be via a particle count 
approach making the unit quieter than is typical for gravimetric methods. All sensors are 
combined within a single monitor unit with a screen showing easy to read air quality indicators. 
Current literature on the length of monitoring required to establish an indoor AQ baseline 
varies widely from a few days (e.g. 4 days) with weekend/weekday and seasonal sampling, 
up to 12 months [2,17,25,26]. To reduce the burden on the participants and contain study 
costs, one combined indoor monitor will be placed in the living room of each home, and one 
outside the property (so we can correct for relevant external factors). Monitors will be set to 
record at a minimum of 10-minute intervals. Guidance on the positioning of sensors [26] will 
also be followed, as far as possible. Detailed approach undertaken for monitoring domestic 
air quality is available in supplementary information (SI) 1. 
 
The study will use multiple approaches and data sources to monitor, assess and quantify 
domestic energy consumption (DEC). 1) a walk-through Level 1 Energy Audit will be 
conducted to identify the various household energy uses [27] and up to 12-months gas and 
electricity bills will be reviewed for each home to understand energy usage patterns and 
seasonal variation, 2) higher resolution data will be extracted and used for the analysis if the 
home has a smart meter installed. 3) To establish a baseline energy consumption for the 
selected bungalow archetype, a separate short-term (3 - 6 months) monitoring study for 
electricity and gas using energy data loggers and heat meters will be conducted on a limited 
number of homes. Here, data will be logged live and at short-intervals allowing us to create 
daily, weekly and monthly profiles of energy use. Energy monitoring will continue for a longer 
period to establish a 12-month DEC in compliance with the Department of Energy 
Measurement and Verification Protocol [28,29] and to capture the energy use for similar period 
to be used in the follow-up (post-intervention) study. Our approach undertaken for monitoring 
of DEC is available in SI-2. 
 

We will use modified standard questionnaire instruments to collect baseline data on i) home  
characteristics (e.g. inclusion of Likert scale questions on thermal comfort within the building, 
prevalence of condensation, damp, mould) and activities/behaviours that influence indoor AQ, 
and ii) occupier characteristics (e.g. age, gender) and self-reported health and wellbeing 
collected for all adults in each household (SF-36v2, ICECAP-A and a Use of Health Services 
survey,). SF-36v2 is an established and widely used health-related quality of life measure [30]; 
Use of Health Services and ICECAP-A are validated for economic evaluations and the latter 
has a broad focus on overall health and wellbeing [31]. Deployed survey questions are 
available in SI-3. 
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5 STATISTICS AND DATA ANALYSIS 

5.1 Sample size calculation 

An enrolment target for this study was determined based on our primary outcome measure 
(changes in PM concentration) using data from our citizen-led indoor AQ feasibility study 
across 18 homes of varying typology in NE England (mean PM10 concentration in non-smoking 
households was 15.9 +/- 8.0 ug/m3 [32]). Our power calculation, based on a paired t-test, found 
that a minimum of 22 homes are needed to see a statistically significant difference of 35-40% 
(with 90% power and alpha = 0.05) in PM between the two groups (i.e. the pre and the post-
intervention data). We plan to recruit a cohort of 30 homes to account for some non-retention 
before the post-intervention monitoring period. With 30 homes, 80% power and an alpha of 
0.05, we expect to be able to determine a statistically significant difference of 25-30%. In a 
recent similar study in the USA, where homes moved from on-demand mechanical ventilation 
to continuous mechanical ventilation an improvement of 21% was observed in PM2.5 (change 
in geomean from 17.7 to 13.3 ug/m3 [2]). Whilst increasing our sample size of homes would 
lower the statistically significant difference that we could determine, in the context of the 
bungalows in this study, as we will be moving from pre-intervention homes with no mechanical 
ventilation to post-intervention homes with continuous ventilation [33] we anticipate a 25-30% 
change in PM2.5 is not an unrealistic expectation.  
 

5.2 Planned recruitment rate 

Baseline data collection on homes is scheduled to commence in project month 3. To achieve the 
target of 30 homes undergoing baseline data collection during the 6-month project, a recruitment 
rate of 7-8 homes in each of project month 2-5 is required i.e. recruitment in month 2 for project 
month 3 monitoring; recruitment in month 3 for project month 4 monitoring; recruitment in month 
4 for project month 5 monitoring; recruitment in month 5 for project month 6 monitoring.  

A second estate is also included as part of the NCC planned retrofit intervention. This second 
estate has 156 council owned and 30 private properties consisting of 3-bedroom non-
traditional build Duo-Slab houses. In project month 3, if recruitment rate indicators on the 
target bungalow cohort are suggesting insufficient numbers of total participants then the 
project ethics will be reviewed with a plan to extend baseline monitoring into this second 
estate. 

 
 
5.3 Statistical analysis plan 

The study is for baseline data collection of 30 council owned homes and their elderly 
occupants pre-intervention.  

 
5.3.1 Air-quality dataset 
After QC checks, descriptive statistics will be computed (e.g. geometric mean 24hr PM2.5) and 
box plots will be used to check for any apparent outliers which will then be excluded from 
subsequent analyses. Each parameter will be checked for normality, with log-transformation 
used as necessary.  We will investigate the key factors reported to influence indoor PM 
concentrations (e.g. smoking indoors; frequency of reports of musty odours; outdoor PM 
levels; window use), and CO2 concentrations (e.g. number of household occupants; frequency 
of musty odours; gas cooker). Associations between key factors and indoor PM will be 
investigated using regression modelling. For example, simple linear regression models will be 
used to explore the putative associations between the exposures and a range of household 
measurements (e.g. the association between PM2.5 and room temperature). Statistically 
significant household variables will then be included as covariates in a multivariable regression 
model and the outcome measure will be PM or CO2 concentration. 
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5.3.2 Energy performance dataset 
In-depth statistical analysis of the acquired energy data at 10-min. intervals will be validated 
against the occupant’s survey results and used to identify energy use patterns. Using multiple 
regression models and the heating degree day (HDD) method, data gathered will be 
normalised to account for, and quantify, electricity and gas consumption related to occupancy 
and external weather conditions. We will therefore, be able to establish a baseline energy 
consumption for those architypes, quantify the energy savings as a result of the intervention 
and identify atypical events within the dataset. 
 
5.3.3 General health, household and wellbeing dataset 
Histograms, boxplots and descriptive statistics will be used to summarise these data. Three 
key domains will be presented: the household, a physical health and a mental health 
component summary. Given behavioural changes are likely (e.g., increased active ventilation 
via window opening and use of cooker extraction hood) this domain is included as part of the 
general household questionnaire. These data will be coded for reporting and subsequent 
analysis. Responses to the SF-36v2 will be converted using the licensed software into two 
scores and a scoring algorithm will be used to convert ICECAP-A responses into a single 
score. Data from the Use of Health Services questionnaire will be converted into costs per 
person.These data will then be suitable for an economic evaluation as part of a follow-on 
research study.  
 
5.3.4 Procedure(s) to account for missing or spurious data  

Community engagement events and communication with participants will promote and 
maximise follow-up and reduce missing data. Any missing data (e.g. from surveys or 
measurements) will be logged to allow an audit record. Missing air quality and energy 
consumption data will be handled, where feasible, by using validated methods including single 
and/or multiple imputation methods. Sensitivity analyses will be employed to assess the 
robustness of results under different methods of handling missing data. 

  

5.3.5 Economic evaluation 

The focus of this project is on baseline data collection, collecting the necessary baseline data 
to enable economic evaluation as part of a follow-on research study. 

 
6 DATA MANAGEMENT  

A detailed data management plan is available in SI-4. 

All source documents (e.g. all original signed informed consent forms; participants' air quality 
recording diaries; researcher records following home visits [monitor set up locations etc]; 
uncoded, original questionnaire responses) and recorded data from automated instruments 
will be kept at least 7 years after completion of the study so audit trails can be undertaken to 
demonstrate the validity of the data (both during and after the study).  

Data will be retained in an appropriate format for a period of at least 7 years as a high-risk 
project, in accordance with NU’s Research Records Retention Schedule (principle of storage 
limitation). 

An audit trail of data changes will be maintained.  

Data security measures to protect against unauthorized access, backup of the data and 
archiving of source data (i.e. hard copy and electronic) is detailed in the DMP (see SI-4). 

Direct access will be granted to authorised representatives from the Co-PIs to permit study-
related monitoring, audits and inspections in-line with participant consent. 
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7  ETHICAL CONSIDERATIONS 

Ethical approval for the study has been granted from Northumbria University REC (submission 
reference ID3115) based on this protocol and subject to continued compliance with the 
University policies on ethics, informed consent, and other policies applicable to this study.  

Once finalised, all protocols are to be submitted via an Ethics Amendment Form to maintain 
compliance.  

Any incidents which have an adverse effect on participants, researchers or study outcomes 
are to be reported via an ethical incident form to the REC. 

 

7.1  Peer review 

The protocols will be independently peer reviewed by external, expert members of the SSC.  

 

7.2  Public and Patient Involvement  

This study works with members of the public not patients or service users. Members of the public 
have been and will continue to be involved in the research process as described below. Meetings 
and engagement events with community members will be conducted using recommendations 
from the INVOLVE website http://www.invo.org.uk/. 

 

7.2.1 Design of the research 
The indoor AQ investigation methods, questionnaire, informed consent form and monitoring 
equipment choice have been directly informed by several rounds of interaction with a 
consumer panel and a community group (drawn from a similar geographical location and 
socioeconomic group to our target population). Activities were supported through a Public 
Involvement Fund (award rds3897) from the Research Design Service North-East and 
Cumbria. Further information is available in Appendix 2. We will continue to co-develop and 
refine the study design and materials throughout the project. 
 
7.2.2 Management of the research and undertaking the research 

A Community Steering Committee (CSC), drawn from residents in the study location will inform 
the research management. CSC will, for e.g., provide advice on community engagement 
(newsletter drops, using the Newcastle Independent Tenants Voice (NITV) Facebook group, 
local engagement events), meetings and confirm preferred shared communication platform 
for the group. A CSC member will join the SSG. We will support members of the community 
to contribute to the research through events in the local neighbourhood to encourage 
community members to participate, share experiences, and feedback on acceptable methods 
to engage and retain participants in future studies.  

 

7.2.3    Analysis of results 

The CSC and community will be encouraged to inform the research team on aspects of the 
study findings of particular interest to them to ensure this is addressed in the results analysis. 

 
7.2.4 Dissemination of findings 

The CSC and community will be encouraged to inform the research team on preferred 
pathways for participant and community feedback e.g. written communications and event 
invitations via NITV, local community information boards and newsletter drops to homes in the 
participating housing estate, household report on monitored data. 

http://www.invo.org.uk/
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The proposed PPI activities include: 

• Information on purpose and participation in the study distributed via NITV, letters from 
NCC to tenants regarding retrofit works, and to relevant local community groups and 
venues 

• Establish CSC and review study PPI protocol 

• Public engagement and recruitment events: including meet the research team, study 
participation information, research team finds out about community’s air quality 
concerns and barriers to participation 

• Optional household time-activity diary as part of air quality awareness raising 

• Study progress updates shared via CSC, NITV and any other routes recommended by 
CSC. 

• Community feedback collected through the same channels 

• Study support telephone number (researcher has pre-prepared Q&A sheets) 

• Local public engagement event to thank community and CSC, share findings and 
experiences, provide Q&A opportunity, collect feedback 

 

7.3    Participant safety 

An assessment of unanticipated outcomes has been undertaken. Unanticipated outcomes of 
the study could include: raised anxiety levels among participants about increased energy costs 
(due to the monitoring instrumentation and mechanical ventilation as part of the intervention), 
exposure to indoor air pollution, reduced fresh air indoors and electrical faults with the 
monitoring equipment. To reduce incidences of anxiety we will: de‐brief participants during 
researcher visits to discuss concerns; provide a study contact telephone number/email with 
researchers having pre‐prepared Q&A responses; ensure that AQ monitoring equipment will 
be PAT tested where relevant. Where participants may feel uncomfortable answering survey 
questions, the researcher will move on to the next question. 

 

7.4  Protocol compliance and recording/reporting of breaches to protocol 

Departures from the approved protocol (i.e.  protocol non-compliances), where not considered 
serious breaches (i.e. those that can be accommodated within the scientific scope of the study) 
will be adequately documented and reported to NU REC on the appropriate Ethics 
Amendment Form.  

Deviations from the protocol which are found to frequently recur will require immediate action 
and could potentially be classified as a serious breach. A “serious breach” is a breach which 
is likely to effect to a significant degree – 

(a) the safety or physical or mental integrity of the participants of the study; or 
(b) the scientific value of the study 

In this situation the NU REC and the funder will be notified immediately of any instances where 
the above definition applies during the study. Where appropriate, the study protocol will be 
amended within 7 days of becoming aware of the serious breach. 

 

7.4  Data protection and participant confidentiality  

The data collected in the study relates directly to the objectives of the project and is required 
to achieve the outcomes of the research. As such, the research team processes the special 
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categories of personal data under Article 9(2)(j) GDPR, which permits processing that is 
necessary for scientific research purposes, providing we have appropriate security safeguards 
in place. 

All investigators must comply with the requirements of the Data Protection Act 1998 with 
regards to the collection, storage, processing and disclosure of personal information and will 
uphold the Act’s core principles. Ethical guidelines, in accordance with the University’s 
information security policy (principle of integrity and confidentiality) will be followed for securely 
anonymising, separating, and holding information on household and personal identifiers to 
ensure confidentiality obligations. Personally identifiable data will be anonymised or 
pseudonymised as soon after collection as possible. Study records for data analysis will use 
only personal identifiers/study identification numbers and computer data files will be password 
protected to protect participants confidentiality. This personal quantitative data will remain 
confidential to the project researchers and will not be shared with other agencies. 

Sensitive data and the linking code will be securely maintained in separate locations using 
password protected digital files on password protected storage media. In addition, a single 
hard copy record of the personal identifiers/study identification numbers will be maintained for 
a minimum of 7 years post project end date in a locked draw in the PIs office. At the end of 
this period the document will be submitted to confidential waste.  

Online surveys will be delivered via JISC Online Surveys (GDPR compliant and certified to 
ISO 27001 standard) and Quality Metric, the licensed provider for the SF36‐v2 wellbeing 
questionnaire.   

7.5 Indemnity 

The study collaboration agreement details the indemnity arrangements for the study. All partners 
are signatories to this collaboration agreement. 

7.6 Post study participant follow-up 

We intend to follow up this baseline study with post intervention monitoring (successful funding 
bid permitting). No post study clinical care will be required for participants as this is not a 
clinical trial. 
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8 RISK MANAGEMENT AND CONTINGENCY  

A set of possible risks has been identified and contingency planning has been undertaken to 
limit the impact on the project deliverables. Risk analysis has been carried out to: define the 
risk; evaluate the probability that such a risk may occur during the project; identify the 
seriousness of the risk and its impact on the project; specify the countermeasures in order to 
mitigate the effect of the risk to the project and/or to prevent the risk occurring. Table 8.1 
summarises the risks identified and proposed risk-mitigation measures.  
 

Table 8.1 summarises the risks identified and proposed risk-mitigation measures 

Description of 
risk  
 

level of 
likelihood 
 

Proposed risk-mitigation measures 

Limited 

engagement/ 

take-up by 

participants  

Medium The project uses a multifaceted approach to the 
recruitment of participants and their on-going support to 
facilitate engagement. If recruitment rate is low (see section 
5.2) we will review the inclusion/exclusion criteria. 

Issues related 
to Covid-19 
 

Medium Regular review of researcher-community engagement and 
interaction plans. For example, participant informed 
consent and delivery/set up of air quality monitoring 
equipment can be altered to enable delivery without 
entering the residence if significant concerns occur in 
relation to Covid-19. 

Delay in kit 
procurement  
 
 

Medium  
Whilst the project timeline has been carefully considered, 
additional time-flexibility has been built into contingency 
plans to allow for extended delays.  For example, the 
Senior Research has a contract of employment at NU for 4 
months beyond the NIHR funded timeline.  

Delay in 
intervention 
delivery 
timeline  

Low 

Fuel cost 
concerns 

Medium 
 

Increase incentive/compensation rate. 

Staff departure 
to another HEI 

Low Tasks will be allocated to another member of the research 
team (given the overlapping/complementary research 
expertise of the project researchers), or the signed 
collaboration agreement will be reviewed to include the 
new HEI 

Extended 
researcher 
illness 

Low Tasks will be allocated to another member of the research 
team or co-opt a new member of staff to cover the 
skills/expertise. 

 
 
 
9  DISSEMINIATION POLICY 
The study collaboration agreement details ownership of the data arising from the study and 
who has the rights to publish any of the data.  

The funding body must be acknowledged within any publications arising from the study. 
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9.1 Study protocols 

Scalable Standard Operating Procedures/Protocols for collecting baseline data to facilitate an 
evaluation of the impact of retrofitting on indoor AQ, household energy use, general health 
and wellbeing will be made publicly available on the project website within 2 months of study 
end date. 

9.2 Access to the study dataset 

All of the named researchers involved in the project will have access to the full dataset during 
the final month of the project to facilitate data analysis.  

Access to the draft study report will be granted to all members of the project committees to 
enable peer review and co-production.  

The baseline data arising from this study will be embargoed for 24 months after the end of 
study to allow time for post-intervention monitoring, although there are no embargo periods 
on any data included in publications arising from the current study within this timeframe.  

A detailed data management plan is available in SI-4 and outlines the plans to make the data 

arising from this study publicly available.  

9.3 Other dissemination pathways 

Participants will receive reports of their individual AQ findings and advice on improving indoor 
AQ. 

The Standard Operating Procedures/Protocols will be disseminated to local authorities, retrofit 
and housing industry. 

New awareness of indoor conditions, energy use, general health and wellbeing across a 
previously under-represented community will be disseminated at stakeholder events, along 
with new insights and learning from research engagement with a previously under-
represented community. 

Wider dissemination of the research findings will be achieved via hosting an online capacity 
building workshop.  
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11.  APPENDICIES 

Appendix 1 - Representation on the Committees/Boards 

 

Project Management Board 
 

Contributor Affiliation Relevant expertise 

Prof. Jane A Entwistle (Chair) Northumbria University Indoor Air Quality monitoring, PPI 
 

Dr Richard McNally (co-Chair) Newcastle University Statistics (health) 

Dr Lindsay Bramwell (Sec.) Northumbria University PPI, Indoor/Outdoor Air Quality monitoring 

Dr Tarek Ahmed  Northumbria University Building performance 

Mr Colin White  Newcastle City Council Housing Renewal Intervention lead 

Dr Haibo Feng  Northumbria University Building performance 

Prof Anil Namdeo  Northumbria University Air Quality Management 

Dr Michael Deary  Northumbria University Air Quality Monitoring 

Prof Luke Vale  Newcastle University Health economics 

 
 
 
Community Steering Committee (CSC) 
 

Contributor Affiliation Role 

Dr Lindsay Bramwell  
 

Northumbria University Chair 

Maureen Ball Community Centre 
Warden at Wellbeck 
Green, Walker, 
Newcastle 

Member 

Janice Farrell Community Centre 
Warden at Kingston & 
Monkchester Green, 
Walker, Newcastle 

Member 
 

Dean Holmes Your Homes 
Newcastle, Newcastle 

Member  

 
 
 
 
 
 
 
 
 

https://metadata.bgs.ac.uk/geonetwork/srv/api/records/cc19ceb1-b706-0296-e054-002128a47908
https://metadata.bgs.ac.uk/geonetwork/srv/api/records/cc19ceb1-b706-0296-e054-002128a47908
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Study Steering Committee (SSC) 
 

Contributor Affiliation 

Prof Anil Namdeo (Chair) Northumbria University 
Anil.namdeo@northumbria.ac.uk 

Dr Lindsay Bramwell (Sec.) Northumbria University 
Lindsay.bramwell@northumbria.ac.uk 

Dr Malcom Brodlie Director of the North-East NIHR Integrated Academic 
Training Programme for Doctors and Dentists 
Honorary Consultant in Paediatric Respiratory 
Medicine 
Great North Children’s Hospital 
Royal Victoria Infirmary 
Newcastle upon Tyne 

Lorna Smith Consultant in Public Health and  
Interim Director of Public Health 
Newcastle City Council, Civic Centre, 
Newcastle upon Tyne 
lorna.smith@newcastle.gov.uk 

Dr Jamie Bond/Dr Stuart 
Aldridge 
 

Air Quality and Public Health Group 
Environmental Hazards and Emergencies 
Department 
Centre for Radiation, Chemical and Environmental 
Hazards 
Public Health England, Didcot, Oxon 
stuart.aldridge@phe.gov.uk 

Dr Andy Dengel BRE Environment  
Building Research Establishment (BRE) Ltd 
Watford 
andy.dengel@bregroup.com 

Rob Charlton CEO Space Group 
Newcastle upon Tyne 
hello@spacegroup.co.uk 

Maureen Ball Community Centre Warden at Wellbeck Green, 
Walker, Newcastle  

Janice Farrell Community Centre Warden at Kingston & 
Monkchester Green, Walker, Newcastle  

Prof Jane Entwistle  Northumbria University 
Jane.entwistle@northumbria.ac.uk 
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Appendix 2 – Public involvement in protocol development, PIL and PCF 

How the public have been involved in developing this proposal. 
The indoor AQ investigation methods, questionnaire, informed consent, and monitoring 
equipment choice have been directly informed by several rounds of interaction with a 
consumer panel and a community group (drawn from a similar geographical location and 
socioeconomic group to our target population). Activities were supported through a Public 
Involvement Fund (award rds3897) from the Research Design Service North-East and 
Cumbria.  
 

As a result of our public involvement work we built-in considerations to reduce reporting bias 
(e.g. completing the online questionnaire as a conversation with a researcher or community 
research champion; providing a set of answer options to choose from; providing images). We 
also reduced the range of activities required. The community highlighted the benefits of 
working with someone already trusted by the community.  
 

Following a monitoring trial of indoor AQ with two households, amendments were made to:   
-the range of parameters monitored; reduced to minimise the number of units required per 
household and replacement of noisy monitors   
-allow remote access to the data enabling collection of baseline data with minimum 
disturbance to participants  
-separate out a shorter period of indoor AQ reporting (requiring a household activity diary; 
completion of an activity diary reduced considerably after 3 days, and information about 
activity in kitchens was not as consistent as that for living areas), from a longer period of 
baseline data collection  
-the indoor AQ feedback report for each household with a need to continue to modify the 
household feedback report with input from members of the study cohort  
-our inclusion criteria. Some families were not eligible to participate, due to exclusion of 
smokers; indoor smoking creates such high concentrations of PM indoors that it masks other 
sources. If we are unable to recruit 30 households in a sufficient timescale, we will remove 
this blanket barrier to smokers but request they refrain from smoking indoors, or near outdoor 
AQ monitor. We will ask for a record to be kept of any deviations to this request.  
- our informed consent procedure. This now requires a researcher to visit the home to deliver 
the informed consent process, guide location and set up of environmental monitoring 
equipment (ensure data is logging), and for the researcher to complete the online survey with 
the household and enter responses into a laptop in real time during the home visit, instead of 
completing the questionnaire by hand and transferring the data into an electronic format later, 
or online remotely by the participant.  
-the location of air quality instrumentation during the extended period (1-3 months) of 
sampling.  The instrumentation may interfere with the occupant’s daily activities during that 
period and requires a power supply. As a result, compensation for households of up to £80 
was agreed (£20 for the drop off/installation and collection of survey data (potentially for 2-3 
hours), in addition to a monthly compensation of £20 (up to 3 months of payments)  
-include a member of the community group on the Study Steering Committee.  
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In2Air: Measuring indoor air quality, energy use and residents’ 
wellbeing before (and after) energy efficiency renovation works  

 

Participant Consent Form  

 

 

I have read and understood the information for participants in the In2Air research project of 

Northumbria University, a project in collaboration with Newcastle City Council and Newcastle 

University. I understand that this research will explore how home energy efficiency 

modifications affect indoor air quality, energy use and the general health and wellbeing of 

the study participants.   

 

 

The study has been explained to me by 

 

I understand that taking part is voluntary and that I can change my mind at any time without 

giving any reason, without penalty. If consent is withdrawn, any personal data collected up                                                        

to that point will be destroyed unless consent is given to keep it.  

 

I understand that the information I provide will be treated with the strictest confidence and 

stored securely. 

 

I am aware I will be asked to provide the following: 

• Survey responses (including questions on my general health and wellbeing) 

• Gas and electricity bills  

• Access to gas and electricity meters  

 

I consent to the collection of indoor air quality data in my home 

 

I agree to E-meter energy usage research equipment being installed and 

operated in my home for 12 months       

 

 

I agree that all these data will be stored in an anonymised form at 

Northumbria University and may be used for further related research 

 

The Data Protection Officer for Northumbria University is Duncan James.  

yes no n/a 

   

Name:   
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If you have any questions which you feel have not been covered by the Participant 
Information Leaflet, or if you have concerns or a complaint in relation to the University 
processing your personal data, please do not hesitate to email us at: 
dp.officer@northumbria.ac.uk. If your request is urgent, please call 0191 243 7357. 

 

I have also received a copy of the In2Air Research Participant Privacy Notice  

 

I would like to be informed of the research findings for my home 

 

Please provide the email or postal address where you would like the results sent to  

 

………………………………………………………………………………………………………. 

 

I agree to take part in the study. 

 

 

 

 

 

I confirm that the above person has received the participant information leaflet about the 

In2Air study. I have explained the nature of the study and allowed an opportunity to ask 

questions about the study. 

 

 

 

 

 

 

 

(PCF v1.3) 

 

 

 

 

 

Signed:                   

Name:                    

Date: 

 

Signed:                    

Name:             

Date: 

 

mailto:dp.officer@northumbria.ac.uk
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In2Air: Measuring indoor air quality, energy use and 
residents’ wellbeing before (and after) energy efficiency 
renovation works  

 

Participant Information Leaflet 

 

We are inviting you to take part in a study to help explore how home energy efficiency modifications affect indoor 
air quality and energy use. Before deciding whether to participate, here is some information about the project and 
what you would be asked to do if you take part.  

 

Why are we doing this study? 

The UK Government has set challenging targets to reduce our production of greenhouse gases (the ‘net-zero’ 
challenge) as these gases cause the planet to warm and drive climate change. Homes play a large part in 
greenhouse gas emissions and in response, housing providers are making changes to homes to reduce 
household energy use. Local Authorities and private homeowners around the UK are adding extra insulation, 
reducing draughts and adding solar panels to  make homes more energy efficient. We want to find out if these 
changes alter the amount of fresh  air in the home or the health and wellbeing of residents.  

We want to measure energy use, small inhalable particles, temperature, humidity and fresh air in  bungalows in 
the Green Estate before the energy efficiency building works are carried out. Technology is now available that 
can do this with small, quiet monitors..  

 

What will you be asked to do? 

If you decide to take part in the study, your participation will involve the following: 

1. Placing a small, quiet, air quality monitor in your living room and another outside your home. The 
monitors will record the very small (inhalable) particles in air, ventilation, temperature and humidity in the 
room. You will be able to view the measurements on its screen. The sensors will be left in place for at 
least 4 weeks, ideally longer, or until your retrofit works begin whichever is sooner.  

2. Allow the researcher to see your energy bills for the previous 12 months. 
3. Allow the researcher to read your gas and electricity meters at the start and end of your monitoring 

period. 
4. Help us complete a survey about your health and wellbeing and about your home and things that affect 

what we are monitoring, like the number of people, their activities, ventilation, if you have damp problems 
and items in your home that may use lots of energy.  
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Who can take part? 

Anyone living in a bungalow in the Green Estate, Walker, who will be having energy efficiency retrofit works on 
their home can participate. For households where someone smokes indoors, if the smoker agrees to smoke 
outside during the study, then the household can take part.  

 

How will we process the data obtained from you? 

Your questionnaire answers, activity records and air data will be stored in anonymised form on the password 
protected secure private network of Northumbria University. It will only be accessed by researchers working 
directly on this project.  

 

If you do not want to continue participating in this research, what should you do? 

You can change your mind and exit the study at any time without giving a reason. If you withdraw from the study, 
we will process the data according to your wishes, either retain, or delete it from our records. However, please 
note it is not possible to delete anonymised data once published (see below for further details). 

 

What will happen to the results of the research and how will my confidentiality be protected? 

Your personal information will be stored on a password protected secure private network at Northumbria 
University and will only be accessed by researchers working directly on this project. We will write up the findings 
of this study to share with all interested parties, however your information will not be identifiable (you will remain 
anonymous). If you would like, we will also provide you with a summary of the findings and your air quality data. 

 

What are the possible benefits and disadvantages to taking part? 

There are no expected disadvantages from taking part in this study. You will be reimbursed up to £80 for running 
the air quality monitor and for your time answering the questionnaires and completing the diary. We provide you 
with updates and you will gain understanding of activities that impact your home’s indoor air quality.  

 

Who is organising this research and what if there is a problem? 

The research is being undertaken by Northumbria University, Newcastle University and Newcastle City Council. 
The work is led by Professor Jane Entwistle and Dr Richard McNally. If you have any questions, you can contact 
Lindsay Bramwell or Jane Entwistle on 0191 2273768 or ee.in2air@northumbria.ac.uk who will do their best to 
answer your questions. 

 

You might also like to …... 

Know more about how much different appliances in your house cost to run 

We are looking for two homes that would like to know more about their day-to-day energy use. We have 
equipment that can measure detailed energy use. The kit is small and would not be intrusive. If you would like to 
find out more about this, please contact Lindsay Bramwell on 0191 2273768 or ee.in2air@northumbria.ac.uk 

 

Help us to design the study  

We are looking for two Green Estate residents to join the Community Steering Committee to help us plan 
community activities and to make sure we target any of the community’s worries and interests around air quality 
and fuel efficiency. If you would like to find out more about this role, please contact Lindsay Bramwell on 0191 
2273768 or ee.in2air@northumbria.ac.uk 

 

  

 

  

mailto:ee.in2air@northumbria.ac.uk
mailto:ee.in2air@northumbria.ac.uk
mailto:ee.in2air@northumbria.ac.uk
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Appendix 3. Documentation amendment history 

Ethical approval for the study has been granted (30/08/2022) from Northumbria University 
REC (submission reference 51426) based on draft protocol v0.2. Following finalisation of 
protocols, a re-submission to Northumbria University REC (submission reference ID3115) 
was made and subsequently granted based on this version v1.1 

A record of changes made relative to the previous protocol are listed in the table below. 

 Protocol Amendment History 

Amendment 
No. 

[new] 
Protocol 
version 
no. 

Date of 
update 
issued to 
REC 
committee 

Author(s) 
of 
changes 

Details of changes made 

1 V1.0 13/02/2023 Entwistle Updates to project flow chart (noting the one week 
activity diary is optional) 

Edits to energy paragraph to read:  
The study will use multiple approaches and data sources 
to monitor, assess and quantify domestic energy 
consumption (DEC). 1) a walk-through Level 1 Energy 
Audit will be conducted to identify the various household 
energy uses [27] and up to 12-months gas and electricity 
bills will be reviewed for each home to understand 
energy usage patterns and seasonal variation, 2) higher 
resolution data will be extracted and used for the analysis 
if the home has a smart meter installed. 3) To establish a 
baseline energy consumption for the selected bungalow 
archetype, a separate short-term (3 - 6 months) 
monitoring study for electricity and gas using energy data 
loggers and heat meters will be conducted on a limited 
number of homes. Here, data will be logged live and at 
short-intervals allowing us to create daily, weekly and 
monthly profiles of energy use. Energy monitoring will 
continue for a longer period to establish a 12-month DEC 
in compliance with the Department of Energy 
Measurement and Verification Protocol [28,29] and to 
capture the energy use for similar period to be used in 
the follow-up (post-intervention) study. Our approach 
undertaken for monitoring of DEC is available in SI- 

Updates to PIL and consent form 

Update to inclusion protocol to remove requirement for 
gas cooker as all homes on the estate have electric 
hob/ovens and minimum age to 55 rather than 65. 

Updates to the Community Steering Committee and 
Study Steering Committee membership 

2 V1.1 29/03/2023 Entwistle Updates to Participant Consent form following REC re-
review 

Updates to section 5.3.3 to clarify conversion of the 
survey data into scores/costings. 
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The following Supplementary Information (SI) files are associated with this protocol:  
SI-1: Detailed approach undertaken for monitoring domestic air quality 
SI-2: Auditing and monitoring domestic energy consumption 
SI-3: Survey questions 
SI-4: Data Management Plan 
 

A record of changes made relative to the finalised version of each SI (v1.0) are listed in the 
table below. 

 

Supplementary Information Amendment History 

Amendment 
No. 

[new] SI 
version 
no. 

Date of update 
issued to REC 
committee 

Author(s) of 
changes 

Details of changes made 

1     

2     

3     

4     

5     

6     
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In2 Air Supplementary Information 1. 
Detailed approach undertaken for monitoring domestic air quality  
 
Air quality measurements  
The In2Air Study will measure PM2.5, CO2 temperature and humidity indoors, paired with 
PM2.5, temperature and humidity outdoors.  PM are a measure of inhalable smoke and fine 
dust particles such as those from cooking, smoking or outdoor traffic. Exposures to PM are 
associated with increased risk of allergic and respiratory diseases. CO2 is a good indicator of 
the level of air exchange between indoor and outdoor environments. Raised levels of CO2 
are regarded as sign of inadequate ventilation and often used as a surrogate measure of the 
amount of outdoor air introduced into the home. Humidity is linked to occurrence of black 
mould in homes. The more frequently air quality (AQ) measurements are recorded by the 
AQ monitors, the more precisely the impacts of activities in or outside the home on indoor 
AQ can be identified. 
 
Sampling period 
We will measure matched indoor and outdoor air conditions for a minimum of 4 weeks 
duration before the homes are retrofitted with the energy efficiency measures. Current 
literature on the length of monitoring required to establish an indoor AQ baseline varies 
widely from a few days (e.g. 4 days) with weekend/weekday and seasonal sampling, up to 
12 monthsi,ii,iii,iv.  
 
Equipment 
Air quality measurements 
One combined indoor monitor will be placed in the living room of each home, and one 
outside the property (so we can correct for relevant external factors). To contain study costs 
In2Air will deploy low-cost monitors. Another consideration has been to minimise the burden 
on participants.  IQAirVisual Pro (AVPro) (indoor) and IQAirVisual Outdoor (AVO) have been 
selected for the In2Air study as they each combine PM2.5, CO2, temperature & relative 
humidity into a compact, quiet, unit minimising space required and disruption in participants 
homes. Both indoor and outdoor AQ is displayed on the indoor AVPro screen. Power and 
internet access (wi-fi connection) for the AVO are provided by a flat PoE ethernet cable 
(power and data) through a window, wall or door feed through. 
 
Comms and data access 
The AVPro and AVO monitors are linked together by Wi-Fi. We will provide a Wi-Fi hotspot 
(e.g. me-fi or pebble) to each home in order that researchers can connect to and manage 
the monitors remotely as well as download the data without needed to visit the residence. 
 
The AVPro screen should be disabled so as not to provide information on the quality of air to 
study participants, which could alter behaviour.  Measurements will continue to be taken and 
stored with the screen off. The screen can be disabled by turning on power saving mode and 
switching the screen off with the power button.  A touch of the power button will switch the 
screen back on, the screen will not switch on and off automatically in the morning and 
evening. 
 
The IQAir units will be networked to the IQAir data cloud where current and historic data can 
be viewed on the IQAir AirVisual mobile app (https://www.iqair.com/commercial/air-quality-
monitors/airvisual-platform/air-quality-app) or on the IQAir web dashboard 
https://www.iqair.com/. Measurements will be available for the research team to download 
from the web dashboard. 
 

https://www.iqair.com/commercial/air-quality-monitors/airvisual-platform/air-quality-app
https://www.iqair.com/commercial/air-quality-monitors/airvisual-platform/air-quality-app
https://www.iqair.com/
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Detailed historical data logs are held in the monitor's internal memory for up to 5 years, 
depending on measurement frequency. A .csv or .txt file containing all data can be 
downloaded wirelessly from the unit by logging into the same Wi-Fi as the AV units (this 
requires visiting the home) and using ‘Samba’ software on a laptop   
https://www.iqair.com/us/blog/resources/download-the-airvisual-node-pro-s-data-using-
samba or by mobile phone  
https://support.iqair.com/en/articles/3343422-export-historical-data-from-your-airvisual-pro-
using-a-mobile-phone 
 
The indoor monitor screen shows easy to read traffic light air quality index indicators. This 
screen will be disabled in order not to influence the participants behaviour during the study. 
 
Researcher contact details to be left with participants and also with the Community Centre 
warden in case of any issues with the monitors.  
 
Placement of equipment 
Indoor 
Ideally the indoor monitor should be placed in a room most commonly used by occupants. 
For the In2Air study we have selected the living room. The monitor should be away from 
doors, openable windows, air supply vents and grilles (minimum 1 m >2 m if possible), and 
specific sources of pollutants (e.g. fireplace, or place where candles or incense are burned). 
If there are incoming ventilation supply points the monitor should be placed between these. 
The monitor should not be placed somewhere that would be a nuisance to the study 
participants, or use a socket that they regularly need, or have a trailing power cable that 
could be a trip hazard.  Head height (where participants are breathing when seated) is 
desirable if possible. An adapter plug can be used in order that the Wi-Fi hotspot and AQ 
monitors use only one socket. See Table 12 BS40101:2022v 
Outdoor 
Placement near to any ventilation inlets (or frequently opened doors or windows) will give the 
quality of air that will be ventilating into the building. Shelter from direct sunshine and 
prevailing rain is desirable. When using paired indoor-outdoor units connected by cable, 
secure placement with no trailing cables should be ensured. Recommendations and 
consideration for installation of the IQAir Visual Outdoor in the IQAir Visual Outdoor User 
and Installation Manual pages 9-10, should be adhered to where possible. See Table 13 
BS40101:2022vi 
 
Where BS40101: 2022 guidance for placement cannot be followed a note to reflect this will 
be reported in the meta data. 
 
Technical Information (extracted from AVO & AVPro User manuals) 
Size 
The indoor AVPro's dimensions are 21 x 12 x 8 cm, weight: 0.8 kg.  
AVO dimensions are 16 x 7 x 20 cm  
Wi-Fi hot spot approx. 10 x 6 x 2 cm 
 
Sensor specifications 
AVO & AVPro 
Nephelometer: Laser light scattering technology with remote calibration. This technology is 
quieter than is typical gravimetric technology equipment. This particle count approach 
provides a calculated mass concentration based on assumed density and shape of the 
particles. 

• PM2.5 (Fine dust) 0 to 1,000 μg/m³ ±10 μg/m³ / or ±10% 

https://www.iqair.com/us/blog/resources/download-the-airvisual-node-pro-s-data-using-samba
https://www.iqair.com/us/blog/resources/download-the-airvisual-node-pro-s-data-using-samba
https://support.iqair.com/en/articles/3343422-export-historical-data-from-your-airvisual-pro-using-a-mobile-phone
https://support.iqair.com/en/articles/3343422-export-historical-data-from-your-airvisual-pro-using-a-mobile-phone
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Measurement frequency 
AVPro: In standard mode the AVPro records time, PM2.5, CO2, temperature, humidity, AQI, 
and outdoor AQI data every 10 seconds  
AVO: The AVO collects data every minute in standard mode. 
A uniform sampling frequency of 1 minute will be selected for all outdoor and indoor monitors 
Internet connectivity  
AVPro:  Wi-Fi (802.11 b/g/n - 2.4 GHz) 
AVO:  Ethernet (100 Mbit fast Ethernet), Wi-Fi (802.11 b/g/n - 2.4 GHz), optional: 
3G/4G/LTE via USB modem 
Power rating  
AVO:  48VDC, 12 W 
AVPro: AVPro has an internal rechargeable Li-on battery providing up to 4 hours of 
disconnected use. It will remain plugged in for the purposes of the In2Air study 
Wifi hotspot: Average 6 W 
 
Equipment energy use  
Department of BEIS 2021 average electricity prices were 18.9 p per kWh, estimated to rise 
to 36 p per kWh by end of 2022. To ensure electricity costs are adequately covered we have 
also estimated a price for 50p per kWh. 
 
Table 1: Estimated cost of electricity for equipment use for 1 month based on power 
rating and estimated price of electricity 

Device Wattage Hours of 
use 

kWh (per 
day)  

31 days @ 
36p/kWh 

31 days @ 
50p/kWh 

AVO 12 24 0.288 £3.21 £4.46 

AVPro (estimate) 15 24 0.36 £4.02 £5.58 

Wifi hotspot (avg) 6 24 0.144 £1.61 £2.23 

Sum 
   

£8.84 £12.28 

 
Equipment maintenance and recalibration requirements 
The AVPro & AVO PM2.5 sensor can benefit from maintenance, as laser (light-scattering) 
sensor readings may experience some degree of drift after a prolonged period of exposure 
to pollutants. The extent of this will vary depending how much pollution the sensor is 
exposed to. This 'drift' is likely to happen more quickly in high-pollution environments, for 
example in cities with generally high outdoor pollution levels (e.g. US AQI frequently above 
150). Additionally, whether the device is indoors or outdoors has an impact, since indoor 
environments generally have approximately 20% lower pollution levels than outdoors, even 
without any indoor filtration. If the sensor is in an indoor environment, in a place with 
generally low outdoor pollution levels (e.g. US AQI<50), then the sensor may not require 
replacement/recalibration for a number of years. If using the sensor in an outdoor, high 
pollution environment (AQI frequently > 150), then the sensor may require 
recalibration/replacement after approximately 12-18 months. These are guidelines - the best 
way to tell if your sensor is experiencing any drift, is to compare its readings with another 
relatively new sensor.vi 
 
Default sensor mode takes measurements approximately 12x less frequently than 
Continuous sensor mode - so Continuous mode should expose the sensor to 12x more 
pollution over time, which may impact the rate of drift. 
 
Without recalibration, the PM2.5 sensor will continue to depict valid trends of higher and lower 
pollution levels, although it may lose a degree of precision over time. Users concerned with 
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maintaining topmost accuracy in the long-term may want to recalibrate their PM2.5 sensor 
every so often. 

IQAir have a recalibration service. Currently, this requires your Node/Pro to be posted to one 
of the service centres.  

AQ Reading metadata to be reported 
Property data:  • Site/Project; • Address; • Postcode; 
Location of data point: • Floor/level, • Room/zone 
Device:  • Manufacturer of device; • Model; • Serial number; • Accuracy of data captured 
provided by the device (from technical data sheet or calibration record); • Calibration date 
(most recent) 
Information should be stored in a spreadsheet with structure & naming according to Tables 5 
& 6 in BS 40101:2022vi 

I National Center for Healthy Housing. Studying the Optimal Ventilation for Environmental 
Indoor Air Quality. Columbia, MD: Enterprise Community Partners. [Internet] 2022. [Accessed 
31 May 2022]. Available from: https://nchh.org/ resource-library/report_studying-the-
optimalventilation- 
for-environmental-indoor-air-quality.pdf. 
II Colton MD, MacNaughton P, Vallarino J, Kane J, Bennett-Fripp M, Spengler JD, 
Adamkiewicz G. Indoor air quality in green vs conventional multifamily low-income housing. 
Environmental science & technology. 2014 Jul 15;48(14):7833-41. 
III Lajoie P, Aubin D, Gingras V, Daigneault P, Ducharme F, Gauvin D, Fugler D, Leclerc 
JM, Won D, Courteau M, Gingras S. The IVAIRE project–a randomized controlled study of the 
impact of ventilation on indoor air quality and the respiratory symptoms of asthmatic children 
in single family homes. Indoor Air. 2015 Dec;25(6):582-97. doi.org/10.1111/ina.12181 
IV BS 40101. 2021 Building performance evaluation of occupied and operational buildings – 
Specification. Draft. British Standards Institution, BSI Standards Limited. 
V BSI, Building performance evaluation of occupied and operational buildings (using data gathered 
from tests, measurements, observation and user experience) — Specification BS 40101:2022 
VI IQAir Knowledge Base https://www.iqair.com/us/blog/resources/airvisual-pro-maintenance-and-
sensor-recalibration (accessed 09.09.22) 

https://www.iqair.com/us/blog/resources/airvisual-pro-maintenance-and-sensor-recalibration
https://www.iqair.com/us/blog/resources/airvisual-pro-maintenance-and-sensor-recalibration
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Supplementary Information 2.  
Auditing and monitoring domestic energy consumption  
Acquisition of accurate energy data underpins all carbon reporting and will be used to support 
Newcastle City Council establish a protocol for energy monitoring to create evidence-based 
net zero strategies. 

1) Level 1 Energy Audit 
Before embarking on implementing building energy efficiency measures, it is important to 
establish a baseline of the current building performance and where it stands with respect to 
current standards, so that measurement and verification of proposed interventions are 
attainable. The American Society of Heating, Refrigeration and Air-Conditioning Engineers 
(ASHRAE) has developed guidelines for energy audits and categorised them into: Level 1, 2 
and 3.  
 
The In2Air baseline data collection study will conduct a Level 1 Energy Audit on all homes in 
the study that involves a basic walk-through assessment, analysis, and review of utility bills 
over the preceding 12-month period and other operating data, as well as a short survey with 
occupants (e.g. hours of occupation, times and periods of use of heating, lighting, domestic 
hot water, etc; for survey questions see SI-3).  Monthly utility bills (electricity and gas), 
collected from the surveyed homes for up to the previous 12-month period, will enable us to 
understand energy use patterns, tariff structure, etc. before any interventions.  
 
This basic evaluation is designed to identify energy efficiency problems and understand the 
current building performance. Data collected will be analysed to create a profile for the 
selected architypes and establish baseline energy consumption pre-intervention.  
 
2) Energy monitoring  
In at least two representative homes, domestic energy monitoring will commence 1-3 months 
prior to the retrofit and continue for a minimum of 12-months. This will allow us to account for 
seasonal variations, normalise the energy data and, in future work, to compare energy 
consumption, before and after intervention, for similar months. Information from the Level 1 
energy audit will be used to support interpretation of the energy monitoring data. 
Electricity  
We will measure and visualise the energy usage at a granular circuit level, in real time using 
a non-invasive cloud-based analytic platform using eMeter which will be installed on the main 
switchboard. The eMeter technology has been selected for simple installation and integration 
with household equipment and systems.  
The eMeter platform will show where and how the households consume energy and identify 
how energy efficient the buildings are in real time. We will plot hourly, daily and monthly 
profiles. Any atypical events within the data will also be identified. This level of energy use 
measurement will enable us to identify baseline consumption patterns and in follow-on work 
will simplify the measurement and verification of energy savings due to the retrofit. 
The eMeter platform allows detailed energy use analytics to be accessed and downloaded by 
the researcher. Such detailed insight into consumption patterns at circuit and device level will 
identify energy efficiency opportunities and later on verify the success of the intervention 
implemented.   
Gas  
At the study site, groups of four bungalows share a mains gas meter. Individual homes have 
recently had a heat meter installed which enables gas consumption monitoring at each 
property. Data from the heat meter is transmitted through the data loggers, managed by a 
third-party company and directly reported to Your Homes Newcastle. We will analyse these 
data to understand the pattern of gas use and establish a baseline gas consumption. 
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Building general data 

Building Architype  

Address  

Date of Energy Audit  

UPRN (unique property reference 
number)  

 

Gross floor area  

Number of stories N/A 

Building Age  

Energy consumption per m2 [to be calculated as part of the data analysis] 

Number of occupants [obtained from survey data] 

Typical Hours of occupation per week [to be calculated as part of the data analysis] 

 

Start of baseline monitoring date: 

Gas MPAN (Meter Point 
Administration Number)  

Include digital photography of the meter and the reading 

Gas Meter reading at start of monitoring 

(to the block of 4) 

 

Property heat meter reading at start of 

monitoring 

Include digital photography of the meter and the reading 

Electric MPAN (Meter Point 

Administration Number) 

Include digital photography of the meter and the reading 
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Electricity meter reading at start of 

monitoring 

 

End of baseline monitoring date: 

Gas Meter reading at end of monitoring 

(to the block of 4) 

Include digital photography of the meter and the reading 

 

Property heat meter reading at end of 

monitoring 

Include digital photography of the meter and the reading 

Electricity meter reading at end of 

monitoring 

Include digital photography of the meter and the reading 
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Building Characteristics 

Building structure  

External wall cladding  

Roof Cladding  

Wall insulation  

Roof/Loft Insulation [type(s)]  

Roof/Loft Insulation [type(s)] Very minimal; Minimal; Acceptable (recommended amount); Good (above recommended 

amount); Very good  

Floor Insulation  

Externals Windows (No.)  

Externals Windows (type)  

External Doors (No.)  

External Doors (type)  

EPC  

Details of ventilation 

Details of any passive (trickle) 

ventilation  

(and their status – in use/covered etc) 

e.g. window trickle vents, air bricks, roof vents 

Details of any continuous ventilation 

(and their status – in use/covered etc) 

 

Extractor fan(s) in kitchen  

(if present:  
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detail location(s) (above hob etc),  

Extraction to outside or recirculation, 

Maintenance status. 

Extractor fan in bathroom 

(if present:  

detail location(s) (in ceiling etc),  

Extraction to outside or recirculation, 

Maintenance status 

 

 

Tumble drier  

(if present:  

detail location (in kitchen etc),  

Extraction (none, to outside, 

condensing type) 
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Large Equipment and Appliances Inventory 

 

Area No Description Item Type Total Power Typical daily 

operating hours 

Any additional 

comments 

Example:  Lounge Room LED TV Samsung    

Example: Kitchen Stove     

Example: Kitchen  Fan     

       

       

       

       

       

 

 

Heating, Air Conditioning and any additional Ventilation  

Area No Description Item Type Total Power Temperature set Typical daily 

operating hours 

Example:  Kitchen Boiler     

Example: Kitchen Radiator     
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Example: Bathroom Electric shower     

       

       

       

       

 

Supplementary information 

Area 

No 

Description Notes and observation 

  e.g is water heated by gas but with an electric shower 

  Note: we are not capturing detailed info on individual light fittings and type but if significant lighting in property this 

should be captured here (e.g. may be useful to consider over the December monitoring period if the property is 

exceptionally well illuminated!) 
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Supplementary Information 3 
Survey questions 
 
Survey 1 & 2 

When: at commencement of baseline monitoring activity (note: survey split into two to allow 

the participant a break from answering questions and to allow other activity, such as 

installing AQ monitoring equipment). 

How: the questionnaire will be delivered by the researcher working directly with the 

participant. Responses to questions will be entered directly into the online forms via the 

researcher’s password protected IT device or using hard copy for subsequent transfer to into 

the online forms.  

Where: Face to face in the participants home. 

 

Survey 3 

When: at end of baseline monitoring activity on collection of units. 

How: the questionnaire will be delivered by the researcher working directly with the 

participant. Responses to questions will be entered directly into the online forms via the 

researcher’s password protected IT device or using hard copy for subsequent transfer to into 

the online forms. 

Where: Face to face in the participants home. 
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Survey 1 
(to be completed by the lead participant in the project) 

Household and Participant Reference Code:   ………. 

Introduction  
This questionnaire will take up to 20 minutes to complete. It is made up of 3 sections which 

cover: who lives here, the home environment and residents’ activities. The information will 

assist us in interpreting the results of the air, fuel, health and wellbeing data collected as part 

of the In2Air study. Please respond ‘decline’ to any questions that you prefer not to answer. 

The information you provide will be completely confidential to the researchers. Your answers 

will be combined with the answers of other study participants and reported in such a way 

that it will not identify you.     

Section 1: Occupants of the household 

1. How many people live in the property for at least 5 days in a typical week?

[Note: questionnaire set up online for more than one response where multiple occupants in 

the property] 

2. Please indicate the number in each age group and gender:

M F 

<16 

16-25

25 – 34 

35-44

45-54

55-64

65 or over 

3. In a typical week, how many hours are you usually out of the home each day?

Occupant 1 

Day Mon Tue Wed Thurs Fri Sat Sun 
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Hours out of 

the home 

(occupant 1) 

       

 

Occupant 2 

Day  Mon Tue Wed Thurs  Fri Sat  Sun 

Hours out of 

the home 

(occupant 2) 

       

 

 

 

 

Section 2: The home environment and residents’ activities 

Introduction 

This section is split into four parts (Part A, B, C and D). We will ask you questions about 

heating and energy patterns, ventilation and dampness of your home and any activities that 

might influence the indoor air freshness.  

 

A. Heating and energy use patterns 

 

A1. What is the main way you heat this property during the winter? 

Central Heating: 

1. Gas   

2. Oil   

3. Solid Fuel   

4. Electric (storage)   

 

Fixed Room Heaters: 

1. Electric (storage)    

2. Gas   

3. Electric (other than storage)  

4. Solid fuel (open fire/enclosed stove)   
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Portable Heaters: 

1. Electric   

2. Bottled gas/paraffin   

3. Oil filled   

4. Other portable heaters   

 

Other: 

1. Communal or district heating   

2. Other (specify)  

3. Don’t know   

 

A2.  Do you use any supplementary heating devices (e.g. electric fan heater/oil filled 

radiators, electric blanket etc) in the house? 

1. Yes  

2. No  

  

If yes A2a.What supplementary heating devices do you use 

 

 

A3. Has your energy use behaviour changed as a result of the current energy crisis and 

recent increase in energy prices?  

 

 

 

 

A4.  Which of the following statements best describes your recent efforts to reduce the 

amount of fuel you use to heat your home? 

1. I haven’t tried to reduce my usage  

2. I have tried to reduce my usage, but have found it 
hard to achieve 

 

3. I have reduced my usage, but could reduce it further  

4. I have reduced my usage as much as I possibly can  

5. Don’t know  

 

1.Yes  

2. No  

3. Don’t know  
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A5.  Which of the following statements best describes your recent efforts to reduce the 

amount of electricity you use (other than for heating)? 

1. I haven’t tried to reduce my usage  

2. I have tried to reduce my usage, but have found it hard to achieve  

3. I have reduced my usage, but could reduce it further  

4. I have reduced my usage as much as I possibly can  

5. Don’t know  

 

B. Temperature 

B1.  Would you generally describe the temperature in your home in summer as…. 

 

1. Uncomfortably cold  

2. Comfortably cool  

3. Comfortable  

4. Comfortably warm  

5. Uncomfortably hot  

 

B2.  Would you generally describe the temperature in your home in winter as…. 

 

1. Uncomfortably cold  

2. Comfortably cool  

3. Comfortable  

4. Comfortably warm  

5. Uncomfortably hot  

 

B3.  Are there any rooms in the home that are significantly warmer or cooler than the other 

rooms in the home? (Please indicate the room and if it is warmer or cooler)  

Room Warmer Cooler 

   

   

   

   

 



In2Air Participant Survey v1.0 

 

51 

 

B4. In Summer, how do you cool rooms in your home when too hot? 

1. Open windows  

2. Use portable air conditioning unit  

3. Use fans  

4. Other (please specify)  

5. Have not needed to cool rooms  

 

B5.  On average, how often, if at all, do you leave any of the windows in your home open in 

Winter just to let in cooler air because your home is too hot?    

 

1. Every day  

2. Most days  

3. Occasionally  

4. Never  

5. Don’t know  

 

B6.  On average, how often, if at all, do you leave any of the windows in your home open in 

Winter to let in fresh air or for any other reason.    

 

1. Every day  

2. Most days  

3. Occasionally  

4. Never  

5. Don’t know  

 

B7. During the Winter months, do you generally find that your heating keeps you warm 

enough at home, or not? 

  

1. Yes, always  

2. Most of the time  

3. Only some of the time  

4. No, never  

5. Don’t know  
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B8.  Overall, how happy are you with the temperature in the home? 

 

1. Very happy  

2. Happy  

3. Satisfied  

4. Unhappy  

5. Very unhappy  

C. Ventilation and air quality  

C1. Generally, how would you describe the air in the home: 

 [Very] 

1 

2 [Neutral] 

3 

4 [Very] 

5 

 

a) Dry      Humid 

b) Stale      Fresh 

c) Odourless      Smelly 

d) Still      Draughty 

 

 

C2. Typically, do you do the majority of your laundry at home? 

1. Yes  

2. No  

 

C3. Typically, how do you dry your clothes in summer? Select up to 2 options 

1. On an airer in the house  

2. On a radiator / towel rail  

3. Outside  

4. Tumble drier vent to outside  

5. Tumble drier internal vent  

6. Tumble drier condenser  

7. Other – please specify  

Detail of other: 
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C4. Typically, how do you dry your clothes in winter? Select up to 2 options 

1. On an airer in the house  

2. On a radiator / towel rail  

3. Outside vent to outside  

4. Tumble drier  

5. Tumble drier internal vent  

6. Tumble drier condenser  

7. Other – please specify  

Detail of other: 

 

 

C5.  Do you use a humidifier or a de-humidifier? 

 a) Humidifier b) De-humidifier 

1. Often   

2. Sometimes   

3. Rarely   

4. Never   

5. Don’t know   

If yes, detail on where 

used: 

  

 

 

C6. Have you noticed any condensation on the windows/walls/ceiling?  

 a) Windows b) Walls/ceiling 

1. Often   

2. Sometimes   

3. Rarely   

4. Never   

5. Don’t know   

If yes, detail on room/s 
affected: 
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C7. Have you noticed any damp patches on the internal walls (on any wall inside your 

home)? 

1. Often  

2. Sometimes  

3. Rarely  

4. Never  

5. Don’t know  

 

If yes, C7 Which rooms are affected? 

 

 

C8. Have you noticed any mould on the walls/ceilings?  

1. Very abundant  

2. Common  

3. Occasional  

4. Rare  

5. No  

6. Don’t know  

  

If yes, C8 Which rooms are affected? 

 

 

 

C9. Does anyone usually smoke outside this property? 

1. Yes  

2. No  

3. Don’t Know  
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If yes, C9 how many people commonly smoke outside this residence? 

 

 

C10. Does anyone usually vape indoors? 

1. Yes  

2. No  

3. Don’t 

Know 

 

If yes, C10 how many people commonly vape inside this residence? 

 

C11. What is your primary/main source of fuel for cooking (please select one category only) 

1. Gas  

2. Electricity  

3. Both gas and electric (e.g. electric oven/ gas hob)  

4. Solid fuel (e.g. kerosene, diesel, coal, wood)  

5. Other - Please provide more details  

Details of other 

 

 

C12. Do you have an extractor fan in the kitchen?  

1. Yes / extractive  

2. Yes / recirculating  

3. Yes / don’t know which type  

4. Yes - other  

5. No  

 

If yes, C12 Where is it located (e.g. over the hob, in a window)? 

 

 

If yes, C12 how often do you use the extractor fan when cooking?  
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1. Often   

2. Sometimes   

3. Rarely   

4. Never  

 

C13. Do you open a window or back door when cooking? 

 

1. Often  

2. Sometimes  

3. Rarely  

4. Never  

 

 

C14. Do you close the internal kitchen door when cooking? 

 

1. Often  

2. Sometimes  

3. Rarely  

4. Never  

5. N/A (e.g. No internal door)  

 

 

C15. Do you have an extractor fan in your bathroom?  

 

1. Yes  

2. No  

 

If yes, C15 How often do you use the extractor fan in your bathroom? 

 

1. Comes on automatically   

2. Often   
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3. Sometimes   

4. Rarely   

5. Never  

 

C16. Do you regularly (typically once a week or more) use air fresheners, or burn candles, 

incense, or similar products in your home? Please select all that apply. 

1. No  

2. Candles  

3. Burning of incense or similar product  

4. Diffuser (plug-in diffuser, read diffuser or similar products)  

5. Sprays (e.g. air freshener spray, fabric freshener spray)  

6. Other (e.g. powder carpet fresheners) please provide more details  

Detail of other scented products used: 

 

 

 

End of Questionnaire 
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Survey 2 

Introduction  
Survey 2 will take up to 30 minutes to complete. It is made up 2 sections which cover: your 

views about your health, how you feel and how well you are able to do your usual activities 

and finally some questions relating to you and your household’s use of different health and 

social care services, and time off work due to ill health.  The information will assist us in 

interpreting the results of the air, fuel, health and wellbeing data collected as part of the 

In2Air study. Please respond ‘decline’ to any questions that you prefer not to answer. The 

information you provide will be completely confidential to the researchers. Your answers will 

be combined with the answers of other study participants and reported in such a way that it 

will not identify you.   

Section 1 should be completed individually by each member of the household 

• SF36-v2 will take up to 15 minutes to complete

• ICECAP-A will take up to 5 mins to complete

Section 2 can be completed by the lead participant in the project 

• This will take up to 10 minutes to complete

Section 1:  Quality of life 

Introduction 

In this section we will ask you some questions about your views about our health, how you 

feel and how well you are able to do your usual activities. There are no right or wrong 

answers. Some questions will seem more relevant to you than others, or you may be unsure 

about how to answer, but please try to answer all the questions as best you can.  

SF36-v2. Quality of life questionnaire 

[note copyright Protection on SF36-v2. The Survey Materials are copyrighted works owned by 
QualityMetric Incorporated, LLC. Licensee agrees to reproduce the copyright and trademark 
notices included with the Survey Materials on all reproductions of the Survey Materials. 
Licence Number: QM059090] 
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 Household & Participant Reference Code:   ………. 
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ICECAP-A measure v2: ABOUT YOUR OVERALL QUALITY OF LIFE 

Please indicate which statements best describe your overall quality of life at the moment by placing a tick 

(✓) in ONE box for each of the five groups below. Please ensure you have only ticked ONE box for each of 

the five groups. 

 

1. Feeling settled and secure    

I am able to feel settled and secure in all areas of my life   4 

I am able to feel settled and secure in many areas of my life   3 

I am able to feel settled and secure in a few areas of my life   2 

I am unable to feel settled and secure in any areas of my life   1 

    

2. Love, friendship and support    

I can have a lot of love, friendship and support   4 

I can have quite a lot of love, friendship and support   3 

I can have a little love, friendship and support   2 

I cannot have any love, friendship and support   1 

    

3. Being independent    

I am able to be completely independent   4 

I am able to be independent in many things   3 

I am able to be independent in a few things   2 

I am unable to be at all independent   1 

    

4. Achievement and progress     

I can achieve and progress in all aspects of my life  
  4 

I can achieve and progress in many aspects of my life   3 

I can achieve and progress in a few aspects of my life   2 

I cannot achieve and progress in any aspects of my life   1 

    

5. Enjoyment and pleasure    

I can have a lot of enjoyment and pleasure   4 

I can have quite a lot of enjoyment and pleasure   3 

I can have a little enjoyment and pleasure   2 

I cannot have any enjoyment and pleasure   1 
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Section 2:  Use of Services  

 

Household Reference Code:   ………. 

 

Introduction 

This survey will take up to 10 minutes to complete. In this section we will ask you some 

questions relating to you and your household’s use of different health and social care 

services, and time off work (where relevant) due to ill health.  This section is split into 3 parts 

(Part A , B and C). Some questions will seem more relevant to you than others, but please 

try to answer all the questions as best you can. As with the earlier section, there are no right 

or wrong answers. Some questions will seem more relevant to you than others, or you may 

be unsure about how to answer, but please try to answer all the questions as best you can.  

 

Part A: Use of Health Care Services 

This section is about you or your household use of health care services in the last 3 

months. We know that it can be difficult to remember the services you have used precisely, 

but please be as accurate as you can.  

 

A1. In the last 3 months, have you or your household had any consultations with a health 

care professional at a GP Practice, Hospital or other health-related Clinic? 

 

Yes  

No  

 

A2. If you ticked YES for question A1, please indicate in the boxes below what health 

professional provided a face to face consultation and how many consultations in total you 

or your household have had in the past 3 months? The number of times could be 

approximate if you cannot remember exactly. 

 

Health Care Professional Yes No 
Number of 

Consultations 

General Practitioner (GP)           

Nurse           

Pharmacist           

Other (Please Specify)           

Other (Please Specify)           
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Other (Please Specify)           

 

A3. In the last 3 months, have you or your household had any face to face consultations 

with a health care professional in your home? 

 

Yes  

No  

 

A4. If you ticked YES for question A3, please indicate in the boxes below what health 

professional provided a face to face consultation at your home and how many 

consultations in total you or your household have had in the past 3 months? The number of 

times could be approximate if you cannot remember exactly. 

Health Care Professional Yes No 
Number of 

Consultations 

General Practitioner (GP)           

Nurse           

Pharmacist           

Other (Please Specify)           

Other (Please Specify)           

Other (Please Specify)           

 

A5. In the last 3 months, have you or your household had any consultations with a health 

care professional by phone/video call?   

Yes  

No  

 

A6. If you ticked YES for question A5, please indicate in the boxes below what health 

professional provided a consultation by phone or video call and how many consultations 

in total you or your household have had in the past 3 months? The number of times could 

be approximate if you cannot remember exactly. 

 

Health Care Professional Yes No 
Number of 

Consultations 

General Practitioner (GP)           

Nurse           
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Pharmacist           

Other (Please Specify)           

Other (Please Specify)           

Other (Please Specify)           

 

A7. In the last 3 months, have you or your household contacted NHS111 (or any other out 

of hours NHS telephone line) for any health problems you faced? 

 

Yes  

No  

 

A8. If you ticked YES for question A7, please record the number of times you or your 

household have contacted NHS 111 (or any other out of hours NHS telephone line) in the 

last 3 months below:   

 

Number of Consultations    

 

A9. In the last 3 months, have you or your household attended accident and emergency 

(A&E) because of illness?  

 

Yes  

No  

 

A10. If you ticked YES for question A9, please record the number of times you or your 

household have attended accident and emergency (A&E) in the last 3 months below: 

 

Number of Attendances    

 

A11. In the last 3 months, have you or your household had to call an ambulance because of 

illness? 

 

Yes  

No  
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A12. If you ticked YES for question A11, please record the number of times you or your 

household have called an ambulance in the last 3 months below: 

 

Number of Calls    

 

 

Part B: Your Use of Social Care Services 

 

This section is about your or your households use of social care services in the last 3 

months. We know that it can be difficult to remember the services you have used precisely, 

but please be as accurate as you can.  

 

B1. In the last 3 months, have you or your household accessed social care services at 

your home? 

 

Yes  

No  

 

B2. If you ticked YES for question B1, in the boxes below can you please indicate how many 

times in the past 3 months you or your household have accessed the following social 

service at your home? The number of times could be approximate if you cannot remember 

exactly. 

 

Type of Social Service Yes No Number of Times 

Paid Carer (Provided by 

Council) 

          

Paid Carer (Provided by 

NHS) 

          

Meals on Wheels           

Support from a Charity           

Other (Please Specify)           

 

B3. In the last 3 months, have you or your household accessed social care services by 

phone or video call? 

 

Yes  
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No  

 

 

B4. If you ticked YES for question B3, in the boxes below can you please indicate how many 

times in the past 3 months you or your household have accessed the following social 

service by phone of video call? The number of times could be approximate if you cannot 

remember exactly. 

 

Type of Social Service Yes No Number of Times 

Paid Carer (Provided by 

Council) 

          

Paid Carer (Provided by 

NHS) 

          

Meals on Wheels           

Support from a Charity           

Other (Please Specify)           

 

 

Part C: Your Employment  

 

C1. If you or your household are in paid employment, have you had to take time off work in 

the last 3 months due to illness? 

 

Yes  

No  

N/A  

 

C2. If you ticked YES to question C1, please write below approximately how much time you 

or your household have taken off in total during the last 3 months due to illness or caring for 

someone who is unwell. 

 

Number of Hours    

 

N/A       

 



In2Air Participant Survey v1.0 

 

68 

 

 

 

Thank you for your time in completing this survey. 
 

 

End of Questionnaire 

Survey 3  
(to be completed by each member of the household where possible, but as a minimum by 
the lead participant in the project) 

 

Introduction 
This questionnaire will take up to 30 minutes to complete. The information will assist us in 

interpreting the results of the air, fuel, health and wellbeing data collected as part of the 

In2Air study and also inform any changes/improvements that we might need to make to the 

procedures.  

 

Section 1: Negative/positive factors associated with taking part in the baseline study 

& compliance with protocol 
 
1.What did you like about taking part in this study?  

the researcher will explore this question in relation to  
taking part in research (free text) 
the AQ monitors, (free text) 
energy monitoring, (free text) 

  meeting and working with researchers, (free text) 
other (free text) 

 
2.What did you not like about taking part in this study?  

the researcher will explore this question in relation to  
completing survey questions (free text) 
the AQ monitors, (free text) 
energy monitoring (free text) 

  meeting and working with researchers, (free text) 
other (free text) 

 
3.Did anyone smoke or vape in the house during the time you had the AQ monitor? 
[reassure the resident this won’t impact on the voucher they receive for taking part]   
 

1. Yes (details free text) 
2. No   
3. Don’t know 

 

Section 2: Change in behaviour(s)  
 
4.Do you think having the AQ monitor(s) changed your behaviour at home? 
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1. Yes (How -free text) the researcher will explore this question in relation to how 
2. No 
3. Don’t know 

   
5. Did your usual pattern of opening/closing of windows change?  
 

1. Yes (How -free text) 
2. No 
3. Don’t know 

 
6. Did your use of any home extractor fans change?  
 

1. Yes (How -free text) 
2. No 
3. Don’t know 

 
7. Do you think taking part in the energy audit changed your behaviour at home? 
 

1. Yes (How -free text) the researcher will explore this question in relation to  
2. No 
3. Don’t know 

 
8.Did your usual pattern of energy use (for example use of heating, use of electrical 
equipment) change?  
 

1. Yes (How -free text) the researcher will explore this question in relation to  
2. No 
3. Don’t know 

 

Section 3: Study Continuation 
9.How likely are you to take part in the repeat study once the building works for energy 
saving are finished?  
 

1. Very likely 
2. Likely 
3. Neutral 
4. Unlikely 
5. Very unlikely 

 
10.What would encourage you to take part in the repeat study? 
(free text) 
 
Thank you for your time in completing this survey. 
 
 

 

 

End of Questionnaire 
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