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Hard to Count index for the 2021 Census 
 
Ercilia Dini, Methodology, Office for National Statistics
September 2018

Summary

The 2021 Census, unlike previous censuses, will undertake the collection using an online questionnaire as the primary response mode. This change in the basic collection mode means that the non-response patterns observed in certain population groups in the 2001 and 2011 censuses may be different in the 2021 Census. 

In addition to ‘willingness’ – as an innate propensity to respond to the census there will be an additional component which is the ability to respond, driven by access and use of digital technology. People who are ‘digitally excluded’ will require digital assistance or a way to respond to the census that may not be via the primary mode. 

The ONS is conducting research to develop a Hard-to-Count (HtC) index to identify sub-populations/geographical (Lower Super Output) areas at risk of census non-response. This will be used as a tool in the 2021 Census to support pre-planning of field follow-up. It will also be used as a stratification variable in the sample design of the 2021 Census Coverage Survey and as a covariate in the Census estimation and adjustment methods. The HtC index will be key to achieving high quality census estimates.

The HtC index is composed of two domains: the digital domain and the willingness to self-respond domain. The digital domain is built as an indicator to measure infra-structures available which enable households to respond to an online census. The willingness domain is constructed using an area level (Lower Super Output) model that predicts non-response by day 10 after census day. The covariates used to build the model parameters are from previous census and updateable administrative data sources. 

This paper describes the methodology used to develop the two HtC domains, results obtained and recommendations for further research. 
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1. [bookmark: _Toc503450825][bookmark: _Toc517783026]Introduction

The provision of a Hard-to-Count (HtC) index is part of the Maximising Response Design product, which aims to support the strategic goals of maximising response and minimising the variability of response across areas in the 2021 Census (Abbott, 2015).

The HtC index will be used to address the following 2021 Census requirements:

a) To predict area self-return patterns by day 10 after the census (willingness to self-respond or not to a census).
b) To support planning of follow-up resources, and their allocation.
c) To support planning where paper questionnaires are to be sent as first option. 
d) To identify where help or digital assistance will be required.
e) To be as a stratification variable for the Census Coverage Survey (CCS) sampling.
f) To be used in the census estimation and adjustment methods.  

2. [bookmark: _Toc503450826][bookmark: _Toc517783027]Background

At the time of the 2001 Census there was some information from the census validation survey (Heady et al, 1994) and from the ‘estimating with confidence’ project (Simpson et al, 1997) that non-response was associated with certain households and persons characteristics. These studies provided evidence for the need to develop a HtC index for the 2001 Census.

For the 2001 Census a HtC index was designed and used as the primary stratifying variable within both the design of the CCS and the One Number Census (ONC) estimation process (ONS, 2000). 
To build the HtC index for the 2001 Census, ONS used information from the 1991 Census percentages of:

· Multi-occupied households;
· Private rented households;
· Unemployed Persons;
· Persons whose first language was not English (country of birth was used as proxy for this information); and
· Imputed households.

The rationale was that it had been observed from previous surveys that the higher these percentages the higher the levels of non-response. These percentages were summed and ranked, and a split was applied to census Enumeration Districts[footnoteRef:1]. Simulation studies were undertaken to evaluate the impact of four different distributions on the precision of population estimates. A split of 40%, 40% and 20% was chosen with the 20% being the hardest to count.  [1: 
 ‘Enumeration Districts’: In the 1991 Census the country was divided into around 130,000 small areas (Enumeration Districts) and to each of these areas an enumerator was appointed. In England and
Wales an average enumeration district (ED) comprised about 200 households. EDs were defined so that they generally did not cross the boundaries of administrative areas such as counties, local authority districts or wards. More information available at: https://census.ukdataservice.ac.uk/media/51162/1991_defs.pdf
] 


The decision on the split was based on the results of the simulation studies. They indicated that the distribution itself was not particularly important, provided that the HtC score was a good predictor of undercount. With the evidence available at the time and with uncertainty that the scores would be highly correlated with undercount, this coarse division was robust to misspecification. The index was applied as part of the ONC methodology, which was broadly successful in measuring non-response in the 2001 Census.

For developing the methods to be used in the 2011 Census there was more evidence, obtained from the 2001 Census Coverage Survey, on how census non-response was associated with certain characteristics of households and the population (Rahman and Goldring, 2006). 

This allowed more detailed studies into census non-response. To develop the HtC categorisation for the 2011 Census, firstly, a model identifying factors associated with census non-response was fitted using record level data from matched 2001 Census and the CCS (Rahman and Goldring, 2006). To ensure subsequent predictions were based on more up to date sources, updateable proxies were obtained for the factors identified by this first model. 

A second model was then constructed, this time using the proxies as area level covariates and the 2001 Census area level imputation rates as the outcome variable. The key assumption was that the structural relationship between non-response propensity and the key factors remained constant between the 2001 and 2011 censuses. This second model predicted area level non-response rates for the 2011 Census. The model predictions were used to rank Lower Super Output Areas (LSOAs) in England and Wales from the lowest predicted non-response rates to the highest. Based on the rank a categorisation was assigned splitting the distribution into 5 levels, the highest being the hardest to count. The percentages of LSOAs in each category were: 40% in HtC1, 40% in HtC2, 10% in HtC3, 8% in HtC4 and 2% in HtC5 (Hopper, 2011).

The design of the 40/40/10/8/2 categorisation was driven by consistency with the stratification for the 2001 Census coverage assessment and adjustment process which used a 40/40/20 split. The case for splitting those LSOAs in the 20% hardest to count group was driven by the observation that the largest variation in non-response rates in the 2001 Census was within this group. By splitting these 20% we could design the CCS sample more efficiently. There was relatively little difference in final non-response rates between LSOAs within the easiest 80% of LSOAs in 2001 and the ability of the model to differentiate between them was weak. However, there was a fairly steep gradient of differences between LSOAs in HTC categories 3, 4 and 5 (Hopper, 2011).

The primary aim of the 2011 HtC categorisation was to be used as a stratifying variable in the sample design of the CCS (ONS, 2012a). However, an innovation was to use the HtC information in the field work to allocate field staff resources across England and Wales, as well as for targeting census publicity. This approach integrated the 2011 Census collection and household and population estimates (ONS, 2012b), with the aim of maximising response rates and minimising variability. The strategy was successful (Abbott and Compton, 2014).

Return rates were monitored live during the 2011 Census. Mean return rates by HtC observed on the 7th April 2011, which related to the beginning of the field operation to follow up non-responding households, were in most areas equal to or higher than those predicted by the model. The variation in return rates observed by LSOA within each HtC category at the beginning of follow up was in line with that expected given the fit of the model to 2001 data. This provided evidence that the HtC categorisation worked well, both as a relative measure and as a specific measure of household non-response in the 2011 Census.

For the 2021 Census, a Hard-to-Count index is once again required as part of the strategy for delivering a high-quality set of census statistics. The overarching strategy for the field operation is to maximise response rates and minimise variability. Achieving this will require prior information about likely non-response patterns both in terms of self-response, and during field follow up. In addition, there will once again be a Census Coverage Survey, designed specifically to measure census non-response. This will require stratification and allocation methods which ensure that the sample is spread with respect to the likely levels of census non-response (after the census field follow-up has completed). Lastly, the estimation methods employed to derive the critically important census-based population estimates will be made more efficient with variables which explain the variation in census non-response.

[bookmark: _Hlk523491648]However, the challenge for the 2021 Census Hard-to-Count index is that, unlike the 2001 and 2011 Censuses, the 2021 Census will use an online questionnaire as the primary response mode. This change in the basic collection mode means that the non-response patterns observed in certain population groups in the 2001 and 2011 Censuses may be different in the 2021 Census. In addition to ‘willingness’ – as an innate propensity to respond to the census there will be an additional component which is the ability to respond, driven by access and use of digital technology. 

The main population groups or areas that will be harder-to-count in the 2021 Census will include people who are digitally excluded; such people will require help or a way to be able to respond to the census that may not be the primary mode (online self-completion).

Several options for the development of a HtC index for the 2021 Census were presented to the Census Research Assurance Group (CRAG) meeting held in May 2016 (Dini and Abbott, 2016). 

The method endorsed by the members gives a set of relative measures of small geographical areas’ difficulty to be counted in a census, based on different domains related to this difficulty. Each of these domains can include one or more indicators[footnoteRef:2]. This is based on the idea that separate domains of areas’ difficulty to be counted in the census can be recognised, measured and used separately. The method takes inspiration from the widely used index of multiple deprivation (DCLG, 2015). [2: 
 ‘Indicators’: to be chosen to provide the best possible measure of each domain of areas’ difficulty to count. 
 A statistical indicator is the representation of statistical data for a specified time, area or any other relevant characteristic.  
 ] 


This paper presents the research conducted so far to develop two HtC domains for the 2021 Census: the digital and the predicted willingness to self-respond to the census. Each of these domains may be used as an index, per se.

Section 3 presents the method used to select these domains and indicators. It also presents the data sources and methodology used to build the indicators within each domain. Section 4 presents the method used to assign HtC categories into the digital and willingness to self-respond domains. Section 5 presents the results obtained so far for the Digital and Willingness domains of the HtC index. Section 6 presents results of self-response in the 2017 Census test with an analysis of the effect on self-response by sending a paper questionnaire or a Unique Access Code (UAC) as the first approach to households. Section 7 presents the next steps in the development of the HtC index. Section 8 contains the references used in this report and the Annexes provide more detail about the methodology and data sources used.

3. [bookmark: _Toc503450827][bookmark: _Toc517783028]Method

3.1. [bookmark: _Toc503450828][bookmark: _Toc517783029]Criteria to select domains and indicators 

The criteria to select domains were that they should:

· Be relevant to support the strategic goals of maximising response and minimising the variability of response across areas in the 2021 Census.
· Be robust to be used as a stratification variable for the CCS, and in the census estimation and adjustment methods.
· Take into account the census online mode of data collection.
· Take into account previous experience with surveys and censuses about population groups’ difficulty to be counted. 

The criteria to select indicators within domains were that they should:

· Be ‘domain specific’ and appropriate to measure each domain.
· Be chosen to provide the best possible measure of each domain that contributes to the difficulty to be counted in an online census. 
· Be derived using the most up-to-date data source and (as far as possible) be updatable at least yearly.
· Be statistically robust at the small area level. We propose Lower Super Output Area (LSOA) level as the highest level of geography. 
· Be available for the whole of England and Wales at a small area level in a consistent form.


3.2. [bookmark: _Toc503450829][bookmark: _Toc517783030]Building the domains: data sources and method used

Two domains were chosen: a digital domain and a census willingness (self-response to census by day 10 after the census) domain. 

The HtC index built for the 2011 Census was a ‘willingness to respond to a census’ and was derived from a model based on the 2001 final response rates. The index was used for both, to support planning of follow-up resources and their allocation, and to stratify the CCS sample. 

This time information on day 10 return rates from the 2011 Census was available. Therefore, it was possible to build a model based on day 10 returns to be used to plan field follow-up. The rationale for this is that in the 2011 Census the field follow-up started after day 10. Returns before day 10 were therefore self-motivated.

As for the 2011 Census, this time it was also possible to build a model based on 2011 Census final response rates to be used as a stratifier for the CCS and in the census estimation and adjustment methods. However, having more than one HtC index may not be desirable. 

This section presents the method used to build the digital and the willingness to self-respond domains. It also presents the method used to build a willingness domain based on a model using the 2011 Census final response rates. Finally, it compares the two models examining if they give different results that would justify the use of two willingness domains.

3.2.1. [bookmark: _Toc503450830][bookmark: _Toc517783031]Digital domain 

The 2021 Census, unlike the 2011 Census, will undertake the collection using an online questionnaire as the primary response mode. The main population groups or areas that will be harder to count in the 2021 Census will include people who are digitally excluded[footnoteRef:3] – such people will require digital assistance or a way to be able to respond to the census that may not be the primary mode (online self-completion), e.g. paper questionnaire may be the first option. [3:  ‘Digitally Excluded’ for the 2021 Census means those who are unable to use or access online services. ] 


At present the digital domain measures one of the infra-structures available which enables households to respond to an online census. This is measured by the percentage of households in an area that have access to the internet (via fixed line broadband). The indicator is aggregated to LSOA level of geography. Annex A presents information on how the present digital indicator was built.

Responding to an online census is a specific process where people need to use the internet and more specifically, make use of the internet to interact with a government website to submit their personal information. At present, the digital domain gives a measure of geographical areas’ likelihood to use broadband internet. As it stands this is the best proxy we have to support where help or digital assistance will be required and to plan where questionnaires are to be sent as first option.

For the next census, we will need to use digital indicators to help us better understand patterns of internet use and people’s behaviour towards using the internet to interact with government websites.

In the future when fit for purpose data becomes available the digital domain will include an indicator of households and/or populations who use the internet to interact with government websites to submit forms. 

Table 1 presents the data sources used to build the indicator in the digital domain. It also presents availability, periodicity for updates and the level of geography at which the data are available at present. 

Table 2 presents potential data sources for other indicators that may be used in the digital domain when data becomes available. 

Table 1: Indicator and data sources used in the digital domain, availability, periodicity and geography level. 
	Domain 
	Indicator

	Data source 
	Availability
(yes/no)
	Periodicity
	Geography level 

	Digital
Infra-structure
	Percentage of households with internet access (fixed line broadband) by area and year

Base: Households 

	Ofcom, 2016 
	Yes; Open data 
	Yearly 
	Postcode 




Table 2: Potential indicators and data sources for use.
	Domain 
	Type of data 
	Indicator

	Data source 
	Availability
(yes/no)
	Geography level

	Digital 
	Digital infra-structure
	Percentage of households with internet access (mobile network- 3G and 4G) by area and year. 

Base: Households

	Ofcom 
	No
	Possibly postcode level

	
	Use of internet to interact with government websites
	Percentage of people renewing driving licence using online mode by area and year

Base: Persons

	DVLA

	Yes, in agreement with DVLA.
	LSOA

	
	
	Percentage of people sending online self-assessment tax returns by area and year

Base: Persons

	HMRC
	Yes, but not yet agreed with HMRC.
	Not known




3.2.2. [bookmark: _Toc503450831][bookmark: _Toc517783032]  Willingness (self-response) domain

The willingness domain gives a measure of households’ willingness to self-respond to a census by day 10 after the census day. The 2011 Census day 10 non-return rates (paper and online returns) were used as a proxy indicator for households’ willingness to self-respond to a census. The rationale for this is that in the 2011 Census the field follow up started after day 10. Returns before day 10 were therefore self-motivated. 

Research work modelling record level non-response to the 2011 Census by day 10 after the census (record level model in CCS sampled areas) identified that region/country, type of accommodation, household tenure, household ethnicity, and age and structure of the household significantly affected households’ willingness to respond by day 10 after census day (Dini, 2017). 

An area level (LSOA) model was used to build the parameters to predict response/ non-response to the 2021 Census. All households within an LSOA were considered equivalent, all experiencing the same conditions (area level covariates) and displaying the same probability of responding/not responding to the census, p. The dependent variable was the 2011 Census day 10 non-return rates. The covariates for the area model were proxy variables selected based on the variables that were statistically significant in the record level model in 2011 CCS sampled areas. These proxy covariates were from the 2011 Census data and, where available, from 2011 administrative data. In addition, English regions and Wales were also used as a covariate in the model. 

Logistic regression was used to model this probability p. X describes the explanatory or covariates and the β’s are the coefficients used to convert the prevalence of the factor into an effect upon the response variable (propensity of household response/non-response). The model is given by:

Logit p= β0+ β1X1 + β2X2 + ...+ βnXn

where β0 is the intercept and β1, β2…βn are the coefficients used to convert the prevalence of the covariates into an effect upon the outcome variable. 

Table 3 presents a summary of the covariates and data sources used in the area level model to build the parameters. Annex B provides more information on data sources used in the model and the assumptions made where data for some LSOAs were not available. 

The parameters given by the area model were applied (at present) to 2015 updated data sources (with exception of flats/maisonettes/caravans) to give the predicted non-response to the 2021 Census by day 10 after the census. 

The built parameters will be applied yearly using updated data sources wherever possible. Therefore, updated predicted non-response to 2021 will be available yearly. The key assumption in the model is that the structural relationship between the 2011 Census day 10 non-return rate propensity and the key factors will remain constant between the 2011 and 2021 censuses despite the change in the mode of collection in the 2021 Census (the same assumption was applied between 2001 and 2011).

The predicted response/non-response values given by the model should not be taken as the actual response/non-response rates by day 10 after census for the 2021 Census. The predicted values are to be used only as the likelihood of LSOAs to self-respond to a census. 

If more administrative data becomes available, they will be assessed for feasibility for use. Fit for use data will then be tested in the model. If proved to improve the fit of the model, they will be added to it. A potential administrative data source to be used is the Address Register. This would give an up to date percentage of flats/maisonettes/caravans to replace the 2011 Census data still in use. 

Table 3: Covariates and data sources used to build the model parameters
	Domain 
	Covariate

	Data source 
	Availability
(yes/no)
	Year used in model parameter
	Geography level

	Willingness
	Percentage of flats/maisonettes: converted or shared (including bed-sits), in commercial building and of caravans/mobile or temporary structure by area and year 

Base: Dwellings

	2011 Census
	Yes
	March 2011
	LSOA

	
	Percentage of ‘Non White-British’ pupils by area and year

Base: Pupils

	DfE:  English and Welsh School censuses 

	Yes
	2011
	LSOA

	
	Percentage of young adults aged 16-29 by area and year



Base: Persons

	2011 Census 
	Yes
	March 2011






	LSOA

	
	Percentage of claimants of Universal Credit and Job Seekers Allowance* (Mar_13) by area and year

Numerator: DWP Persons aged 16 and over ** claimants
Denominator: MYE_2013 persons aged 16-65

	DWP
	Yes
	March 2013




MYE 2013 (reference period 30 June)
	LSOA

	
	Median price of residential property sales in E&W (Q1_2011) by area and year

Base: Residential property

	HM Land Registry data used in ONS publication 
	Yes
	Quarter 1, 2011
	MSOA (assumption LSOAs within MSOAs with same values)



*Available from 2013 onwards; before this period information is available for claimants of Job Seekers Allowance only (ceased in April 2013).  
** Number of claimants aged 65 and over is very small and not published at LSOA level because of disclosure issues. DWP only releases a total count of claimants aged 65 and over.


3.3. [bookmark: _Toc517783033]Predicted willingness to self-respond versus Predicted final response rates

One of the objectives of developing a HtC index are to provide a stratification variable in the sample design for the 2021 CCS. The index will also be used in the 2021 Census estimation and adjustment methods.

Research work was undertaken to investigate if a model to predict final census non-response rather than day 10 non-response would be more suitable to build a HtC index to be used as a stratifying variable for the 2021 CCS sampling and for estimation and adjustment. 

The method and data used in the model to predict final non-response was the same as in the model used the predict day 10 non-responses. The only difference was in the outcome variable used. Imputation rates from the 2011 Census were used as the outcome variable in this model. Annex C presents details of the research work conducted. 

The results indicated that there was no strong evidence to justify the use of two models, one to build a HtC index to support planning of follow-up resources and allocation and another to build a HtC index to be used in the CCS sampling and census estimation and adjustment (more information in Annex C). The preferred choice would be to use one index for both, the planning of follow-up resources and as a stratifier for the CCS and census estimation and adjustment. This is best achieved by using the willingness to self-respond based on a model to predict day 10 non-responses. 


4. [bookmark: _Toc503450832][bookmark: _Toc517783034]Assigning hard-to-count categories to domains

The LSOA’s indicator in the Digital domain was ranked from the highest percentage of households’ internet connections to the lowest. 

The LSOA’s predicted non-response to a census by day 10 after the census given by the model was ranked from the lowest to the highest.  

The ranked indicators in each domain were then split into 5 categories, the highest – category 5 - being the hardest to be counted. The percentages of LSOAs used in the split were: 40% in HtC1, 40% in HtC2, 10% in HtC3, 8% in HtC4 and 2% in HtC5. More information on the split is given in Annex B. 

At present the split uses the same 5 levels as for that used in the 2011 HtC. The split seems to work well for the Willingness domain (more information in Annex B).

In addition, if data on use of internet to interact with government becomes available and are fit for use the digital domain of the HtC index will need to be updated. More research may be needed to investigate the relevance of combining the two indicators of the digital domain, the access and use of internet.  

5. [bookmark: _Toc517783035]HtC index results

The results show the HtC categories attributed to the model predicted non-responses rates by LSOA using the split described in Section 4. 

Maps 1 and 2 show the distribution of LSOAs in England and Wales according to the 5 categories of the HtC for the Digital and Willingness to census self-response domains, respectively.  
Maps 3 and 4 show the distribution of LSOAs in Inner and Outer London according to the 5 categories of the HtC for the Digital and Willingness to census self-response domains, respectively. 

Map 1: Digital domain: LSOAs by HtC category. England and Wales, 2016
[image: Z:\Ercilia work\Maps\Day10_dig_Of16_eng_pred_eng\E&W_dig_1ind_Of16.png][image: Z:\Ercilia work\Maps\Day10_dig_Of16_eng_pred_eng\E&W_dig16_with_legend.png]

     Note: HtC 5 = hardest areas to count 
      Map: Contains Ordnance Survey data © Crown copyright 2018
               Source: Office for National Statistics licensed under the Open Government Licence v.3.0

Map 2: Predicted willingness to census self-response by day 10 after census day: LSOAs by HtC category. England and Wales.     
[image: Z:\Ercilia work\Maps\Day10_with_SchCen\E&W_pred2_split(40401082).png][image: Z:\Ercilia work\Maps\Day10_dig_Of16_eng_pred_eng\E&W_dig16_with_legend.png]

     Map: Contains Ordnance Survey data © Crown copyright 2018
               Source: Office for National Statistics licensed under the Open Government Licence v.3.0

Map 3: Digital domain: LSOAs by HtC category. London, 2016
[image: Z:\Ercilia work\Maps\Day10_dig_Of16_eng_pred_eng\LO_dig_Of16_boarder.png][image: Z:\Ercilia work\Maps\Day10_dig_Of16_eng_pred_eng\E&W_dig16_with_legend.png]

   Map: Contains Ordnance Survey data © Crown copyright 2018
             Source: Office for National Statistics licensed under the Open Government Licence v.3.0

Map 4: Predicted willingness to census self-response by day 10 after census day: LSOAs by HtC category. London.
[image: Z:\Ercilia work\Maps\Day10_with_SchCen\LO_pred2_day10_SchCen.png][image: Z:\Ercilia work\Maps\Day10_dig_Of16_eng_pred_eng\E&W_dig16_with_legend.png]

  Map: Contains Ordnance Survey data © Crown copyright 2018
            Source: Office for National Statistics licensed under the Open Government Licence v.3.0

6. [bookmark: _Toc503450834][bookmark: _Toc517783036]2017 Census test results 

[bookmark: _Toc509485481][bookmark: _Toc517783037][bookmark: _Toc505851417][bookmark: _Toc507673572][bookmark: _Toc508031412][bookmark: _Toc508032119][bookmark: _Toc508034134][bookmark: _Toc508034667][bookmark: _Toc508114309][bookmark: _Toc504471005][bookmark: _Toc504471067][bookmark: _Toc504473421][bookmark: _Toc504473484][bookmark: _Toc504567242][bookmark: _Toc504471006][bookmark: _Toc504471068][bookmark: _Toc504473422][bookmark: _Toc504473485][bookmark: _Toc504567243]This section presents analysis using data from the designed experiments within the 2017 Census Test. 

[bookmark: _Toc509485482][bookmark: _Toc517783038][bookmark: _Toc509485483][bookmark: _Toc517783039][bookmark: _Toc509485484][bookmark: _Toc517783040][bookmark: _Toc507673574][bookmark: _Toc508031415][bookmark: _Toc508032122][bookmark: _Toc508034137][bookmark: _Toc508034670][bookmark: _Toc508114312][bookmark: _Toc509485486]The sample in Component 2 Part 1 was designed specifically to test the impact of sending a paper questionnaire versus a letter containing a Unique Access Code (UAC) as the first approach to households. The total sample in Component 2 Part 1 was 60,000 addresses in England and Wales. Half of the sampled addresses were sent a paper questionnaire first and the other half received a UAC. Households in addresses that were sent a UAC first could request a paper questionnaire, but this was intentionally not made obvious. Households in addresses that were initially sent a paper questionnaire were also given a UAC, on the first page of the paper questionnaire, so it was clear that they could respond online if they chose to do so. Three reminders were sent to non-responding addresses in both groups, the first, 3 weeks after the initial questionnaire/UAC letter had been sent.  All the reminders in both groups were via a letter containing the UAC only. 

[bookmark: _Toc505851418][bookmark: _Toc507673573][bookmark: _Toc508031414][bookmark: _Toc508032121][bookmark: _Toc508034136][bookmark: _Toc508034669][bookmark: _Toc508114311][bookmark: _Toc509485485][bookmark: _Toc517783041][bookmark: _Toc504471007][bookmark: _Toc504471069][bookmark: _Toc504473423][bookmark: _Toc504473486][bookmark: _Toc504567244][bookmark: _Toc505851419]The 2017 Census Test sample was stratified using 9 categories constructed at LSOA level by combining 3 categories on likelihood to self-respond (based on return rate by day 10 in 2011 Census) and 3 digital categories using information on broadband internet availability (Ofcom, 2014). The cut points for the 3 categories for each domain were constructed using the Dalenius-Hodges method of stratification (Dalenius and Hodges, 1959) independently on each margin. The categories from each domain were then combined. For more information on the 2017 Census Test design and sample see ONS (2017). 

[bookmark: _Toc517783042][bookmark: _Toc507673581][bookmark: _Toc508031420][bookmark: _Toc508032127][bookmark: _Toc508034142][bookmark: _Toc508034675][bookmark: _Toc508114317][bookmark: _Toc509485488][bookmark: _Toc508031413][bookmark: _Toc508032120][bookmark: _Toc508034135][bookmark: _Toc508034668][bookmark: _Toc508114310][bookmark: _Toc507673582][bookmark: _Toc509485489][bookmark: _Toc508031421][bookmark: _Toc508032128][bookmark: _Toc508034143][bookmark: _Toc508034676][bookmark: _Toc508114318][bookmark: _Toc517783043]Previous analysis of the test (Corps et al, 2017) showed that households were more likely to respond if they were sent a paper questionnaire first. This pattern of response was seen across the 9 categories of the sample stratification. The analysis also showed that the digital domain of the sample stratification used in the 2017 Census Test was a good predictor of online response and particularly by age group.   
[bookmark: _Toc508031422][bookmark: _Toc508032129][bookmark: _Toc508034144][bookmark: _Toc508034677][bookmark: _Toc508114319][bookmark: _Toc509485490]
[bookmark: _Toc517783044][bookmark: _Toc517783045]Further analysis was conducted to investigate the effect of paper versus UAC first on self-response i.e. without interference of reminder letters. The analysis considered all valid responses received by 7 April 2017 (i.e. before reminder letters were received by the households) amongst valid sampled addresses.  The 5 HtC categories of the Willingness domain were assigned to the LSOAs sampled in the 2017 Census test and analysis of self-response was conducted by HtC categories. The rationale for using this post-stratification analysis was to check if levels of self-response in the census test were consistent with the HtC categories in the Willingness domain; that is the higher the HtC category the lower the self-response rate. 

[bookmark: _Toc517783046][bookmark: _Toc509485491][bookmark: _Toc509485492]Overall self-response was very low. Approximately a quarter of the households that received paper first and only 15 per cent of the households that received UAC first self-responded to the census test. The percentage of self-response decreased as HtC categories of the Willingness domain increased. This pattern was seen for both online and paper responses but it was clearer in paper responses (Table 4). 
[bookmark: _Toc517783047]For the online first approach, the results showed that there were very small differences in self-response rates between categories 2 and 3 and categories 4 and 5 of the Willingness domain. For the paper first approach, the differences in self-response rate by categories of HtC were larger. The exception was for categories 4 and 5 where the differences in self-response rates were smaller than one percent (0.7%). 

[bookmark: _Toc517783048]Table 4: Valid addresses, valid self-responses and percentages of self-responses by HtC categories of the Willingness domain.  
[bookmark: _Toc517783049] [image: ]

[bookmark: _Toc509485493][bookmark: _Toc517783050]Chart 1 presents the percentages of self-response by first mode of approach and the 5 HtC categories of the Willingness domain. It also presents the first mode of approach per cent relative difference in self-responses in HtC categories. The results showed that the relative difference of the effect paper/UAC first was slightly higher in category 2 of the HtC. It also showed that there was only one per cent relative difference between categories 4 and 5 and on difference between categories 1 and 3 of the HtC. 

[bookmark: _Toc509485494][bookmark: _Toc517783051]Chart 1: Percentage of self-response by first mode of approach and relative difference in self-response by HtC categories of Willingness domain. England and Wales.

[bookmark: _Toc517783052][image: ]

[bookmark: _Toc517783053]This analysis used post stratification and the sample of the 2017 Census test had not been designed to evaluate the 5 HtC strata. Therefore, we need caution in interpreting these results. 

[bookmark: _Toc517783054]In addition, we need to consider that the census test was a voluntary survey; self-response rates were very low and very likely to be from the most willing to participate. This consequently lead to response bias. 

[bookmark: _Toc517783064]The 2021 Census will be mandatory, there will be media communication to gain people’s compliance with the census. Also, it is expected that the impact of the online first factor will be lower as people’s digital skills increase in the next few years. It is expected that household’s responses will be higher.  The relative differences in approach mode seen by HtC categories of the Willingness domain (Chart 1) may be much smaller than those seen in the results of the census test.

Despite all these constraints and while the differences observed by HtC categories may be small, the results were reassuring. They showed the expected monotonically decreasing pattern in self response by HtC categories. 

7. [bookmark: _Toc503450835][bookmark: _Toc504471012][bookmark: _Toc517783067]Next steps

· [bookmark: _Toc504471013][bookmark: _Toc504471075][bookmark: _Toc504473429][bookmark: _Toc504473492][bookmark: _Toc504567250][bookmark: _Toc505851433][bookmark: _Toc507673594][bookmark: _Toc508031428][bookmark: _Toc508032135][bookmark: _Toc508034150][bookmark: _Toc508034683][bookmark: _Toc508114325][bookmark: _Toc509485511][bookmark: _Toc517783068]Investigate the feasibility of using DVLA data on people’s use of online mode to apply for or renew their driving licence. 
· Update the digital domain to include digital information on people’s use of internet to interact with government websites (DVLA data) and people’s use of mobile network (Ofcom data) when these data become available and tested for feasibility of use. 
· [bookmark: _Toc504471014][bookmark: _Toc504471076][bookmark: _Toc504473430][bookmark: _Toc504473493][bookmark: _Toc504567251][bookmark: _Toc505851434][bookmark: _Toc507673595][bookmark: _Toc508031429][bookmark: _Toc508032136][bookmark: _Toc508034151][bookmark: _Toc508034684][bookmark: _Toc508114326][bookmark: _Toc509485512][bookmark: _Toc517783069]Continue updating the Willingness to census self-response domain as required when up to date data becomes available.
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Annexes
[bookmark: _Toc503450838][bookmark: _Toc517783073]Annex A

Annex A presents a summary of the method used to build the indicator in the digital domain and the assumptions made where data was not available.

At present, the digital domain is composed of one indicator, the percentage of households with access to the internet via a fixed line broadband. 

The percentage of households with access to the internet was estimated using the number of fixed line broadband connections to premises (households and small businesses) (Ofcom, 2016)[footnoteRef:4] and the number of occupied households given by the 2011 Census (NOMIS, 2011 Census)[footnoteRef:5]. Ofcom and Census data were matched at postcode level and then aggregated to LSOA level of geography.  [4:  Ofcom (2016). Infrastructure report 2016: downloads.  Available at:
https://www.ofcom.org.uk/research-and-data/multi-sector-research/infrastructure-research/connected-nations-2016/downloads
]  [5:  ONS (2013). Postcode Headcounts and Household Estimates - 2011 Census. Available at:
https://www.nomisweb.co.uk/census/2011/postcode_headcounts_and_household_estimates
] 


                                                                                    Number of internet connections at LSOA level
 Percentage of households with access to internet =  -------------------------------------------------------------    x 100
                                                                                    Number of occupied households at LSOA level

Ofcom publishes yearly the number of fixed line broadband connections at postcode level. It is Open data and available for free download. The number of connections refers to those from households and small businesses. 

For disclosure reasons, Ofcom data is not available in a number of the postcodes. Ofcom 2016 data had 181,290 postcodes in England and Wales that fell in this category (14% of Ofcom and Census matched postcodes). Approximately 99% of these 181,290 postcodes had households with one or more usual residents counted by the 2011 Census. Given the large number of occupied households in these postcodes, an assumption was made that there were at least two broadband connections in each of these 181,290 postcodes.

Data were also checked for cases where the percentage of connections in the LSOAs were larger than 100. Using Ofcom 2016 data, approximately 2.5 per cent of the LSOAs (878 LSOAs) were in this category. One explanation is that these LSOAs had larger numbers of small businesses with internet connections (larger numerator) and the census only counted occupied households (smaller denominator). In these cases, an assumption was made that the percentage of households with access to the internet was 100%. 

[bookmark: _Toc503450839][bookmark: _Toc517783074]Annex B 

Annex B provides information on data sources used in the area level (LSOA) logistic regression model to predict non-response by day 10 after the census day. It provides information on the assumptions made where data for some LSOAs was not available. It also provides an analysis of the covariates used to build the parameters for the model. 

Outcome variable

The 2011 Census day 10 return rates (paper and online returns) were used as a proxy indicator for ‘willingness’ to self-respond to a census. Non-return rates were estimated as 100 minus return rates. The LSOAs percentage of non-returns was used as the outcome variable in the model. Figure B1 shows the distribution of LSOAs by the outcome variable. The mean day 10 non-return rate was approximately 23 per cent (+/- 10.2 per cent). 

Information on census day 10 returns was available at LSOA level for the 2001 geography boundaries which were used during census day in March 2011. In December 2011 geography boundaries changed; some LSOAs split and some merged. 

In cases where an LSOA split an assumption was made that the day 10 return rate in the ‘new’ LSOA was the same as in the ‘parent’ LSOA. In cases where LSOAs merged the counts of census returns (numerator) and the counts of addresses (denominator) for the merged LSOAs were summed up and divided by the number of these LSOAs. The assumptions made took into account the best-fit lookup published by ONS geo portal[footnoteRef:6].  [6:  ONS Geo Portal (2017). Lower Layer Super Output Area (2001) to Lower Layer Super Output Area (2011) to Local Authority District (2011) Lookup in England and Wales.  Available at:
https://ons.maps.arcgis.com/home/item.html?id=6d3b1fc88b284a9bb9d4827530b16da4
] 



Figure B1: Distribution of LSOAs by day 10 non-return rates. England and Wales, 2011 Census.
[image: Histogram for day10_non_res]


Model covariates

The covariates (explanatory variables) used to build the model parameters were from 2011 Census data and, where available, from 2011 administrative data. 
The covariates and data sources used were:
· 2011 Census percentage of flats/maisonettes: converted or shared (including bed-sits), in commercial buildings and of caravans/mobile or temporary structure.
· 2011 Census percentage of young adults aged 16-29.
· Percentage of ‘Non White-British’ pupils from the 2011 English and the Welsh School censuses (Department for Education – DfE), 
· Percentage of claimants (stocks) of Universal Credit and Job Seekers Allowance aged 16 to 65 (Department for Work and Pensions – DWP, 2013) [footnoteRef:7] and 2013 Mid-year-estimates (ONS, 2014)[footnoteRef:8].  [7:  Department for Work and Pensions (2013).  DWP Benefits. 
Available at: https://www.nomisweb.co.uk/query/select/getdatasetbytheme.asp?theme=72
]  [8:  Office for National Statistics (2013). Annual Small Area Population Estimates: 2013. Available at: https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualsmallareapopulationestimates/2014-10-23
] 

· Median price of residential property sales in England and Wales, 2011 Land Registry data published by ONS (ONS, Housing, 2017) [footnoteRef:9] .  [9:  Office for National Statistics (2017). Housing: Property price, private rent and household survey and census statistics, used by government and other organisations for the creation and fulfilment of housing policy in the UK.  Available at: https://www.ons.gov.uk/peoplepopulationandcommunity/housing#datasets
] 

· Region (Inner London, Outer London and Wales and other English regions), 

All covariates used data at LSOA level of geography, except the median price of residential property sales in England and Wales which is published by ONS at Middle Super Output Area (MSOA) level of geography. An assumption was made that all LSOAs within the respective MSOAs had the same median price of property sales. 

The percentage of claimants of Universal Credit (UC) and Job Seekers Allowance (JSA) was given by the counts of claimants aged 16 and over (numerator) in 2013 (DWP) divided by the estimated population aged 16 to 65 (denominator) in 2013 (ONS) multiplied by 100. Data for 2013 was used because information for both claimants of UC and JSA has been published consistently only since this date. Published earlier counts (from October 1996 to April 2013) included counts of JSA only. 

DWP counts of claimants aged 65 and over are very small and because of disclosure issues they are not published at LSOA level. DWP only releases a national count of claimants aged 65 and over. In 2013 there were 20 claimants aged 65 and over. No attempt was made to distribute these counts into LSOAs. The counts at age 65 and over by LSOA were assumed to be zero. 

Analysis of covariates

Region/Country

English regions and Wales were aggregated into 3 categories: Inner London, Outer London and other English regions and Wales. These 3 categories were used as a covariate in the model. The rationale for this was that:
i) This aggregated covariate showed a better fit in the initial record level model (Census matched to CCS) than using each region separately.
ii) In the 2011 Census, non-returns in Inner London and Outer London were on average higher than non-returns in other English regions and Wales. 

Figure B2 shows the distribution of LSOAs’ day 10 non-returns by region/country in the 2011 Census

Figure B2: Distribution of LSOAs’ day 10 non-returns by region/country. England and Wales. 2011 Census.
[image: Box Plot for day10_non_res]
                                                             Region/Country


School Census

The percentage of ‘Non White-British’ was given by the counts of pupils from ‘Non White-British’ ethnic groups divided by the counts of all pupils multiplied by 100. The data used was from the 2011 English and Welsh School censuses (DfE).

Counts of pupils from the School censuses at LSOA level for 2011 used the 2001 geography boundaries. To attribute the percentages into LSOAs that merged or split we used the same approach as that used for the outcome variable of the model, and described previously in this Annex.  

Because of disclosure issues, counts of pupils in ‘White-British’ and/or in ‘Non White-British’ ethnic groups were not provided for 1,772 (5 per cent) of the LSOAs in 2011. However, counts of pupils by these ethnic groups were available at Local Authority (LA) level. 
The percentages of ‘Non White-British’ pupils in the LSOAs missing information were assumed to be the same as the percentage of ‘Non White-British’ pupils of the LAs these LSOAs belonged to.
As this approach could potentially overestimate the counts in these LSOAs, an adjustment to the estimates in LSOAs missing information was applied using the formulae shown below. 

Adjusted percentage of ‘Non White-British’ in LSOAs missing information =        
 

                   

The results given by the prediction model using the adjusted for missed LSOAs was compared to the results given by the model when using the proxy LA values without adjustment. The results showed very small differences. Therefore, a decision was made to use the proxy values without adjustment. 

Validation of School Census data 2011 with 2011 Census

The percentage of Non White-British pupils from the 2011 School censuses was validated against the percentage of Non White-British population given by the 2011 Census[footnoteRef:10]. The per cent differences of ‘Non White-British’ given by both data sources were calculated by LSOA.  [10:  Dini E (2017). LSOA per cent differences between 2011 School Census and 2011 Census’ percentages of 'Non White-British'. ONS Internal report.  Available on request. 
 ] 

For England and Wales, 85 per cent of the LSOAs had per cent differences between +/- 10 per cent. 
The lowest agreement was seen for Inner London; only 26 per cent of the LSOAs had per cent differences between +/- 10 per cent (Table B1). 

The overall variance explained by the models using either ethnic groups given by the 2011 Census or given by the 2011 School census data was not affected. Therefore, the covariate ethnic group used in the model to build the parameters used ethnicity from the School Census data as the data is updatable. 

Table B1: LSOA per cent differences between 2011 School Census and 2011 Census percentages of 'Non White-British'.
[image: ]

Analysis of correlation between covariates

Table B2 presents the results of the analysis of correlation between covariates. Pearson coefficient of correlation was very low or non-existent. This is a good indicator and it means that all the covariates used were contributing to the model. There was no collinearity effect between the covariates. 

Table B2: Analysis of correlation between covariates. 
[image: ]

Model output

Model parameters and fit
Table B3 shows the parameter estimates obtained by the model and Figure B3 shows the correlation between observed day 10 and predicted day 10 non-response rates. The model explained 70 per cent of the variance (deviance). In other words, the model ‘explained’ 70 per cent of the variation in the total LSOAs’ household non-response observed in 2011. It suggests a good fit to predict non-response. 

Table B3: Model parameter estimates
[image: ]

Figure B3: Correlation between observed day 10 and predicted day 10 non-response rates.

[image: Plot of Day10_non_response by predicted_day10_non_response]

Figure B4 shows the distribution of residuals or unexplained part of the variance of the model at the LSOA level. The residual is given by the observed day 10 minus predicted day 10 non-response. The histogram shows the distribution of the residuals with a normal distribution overlaid. The mean distance of observed to predicted value for an LSOA is almost zero (-5E-9). This indicates that the model is not optimistic or pessimistic and predicts similar non-responses to those observed. 

Figure B4: Distribution of residuals (observed minus predicted values).
[image: Histogram for residual]

Applying the parameters to updatable data sources 

The parameters given by the area level model were applied to 2015 updated data sources to give the predicted non-response to the 2021 Census by day 10 after the census. The updated data sources used as covariates were:

· ONS 2015 Mid-year-estimates percentage of young adults aged 16-29 at LSOA level.
· The percentage of ‘Non White-British’ pupils from the 2015 English and the Welsh School censuses (DfE), 
· Percentage of claimants (stocks) of Universal Credit and Job Seekers Allowance aged 16 to 65 (DWP, 2015) and 2015 Mid-year-estimates (ONS, 2016) [footnoteRef:11]. [11:  Office for National Statistics (2016). Annual Small Area Population Estimates: 2015. Available at: https://www.ons.gov.uk/releases/smallareapopulationestimatesinenglandandwalesmid2015
] 

· [bookmark: OLE_LINK1]The median price of residential property sales in England and Wales, 2015 from Land Registry data published by ONS.

In 2015, counts of pupils by ethnic groups were not provided for 1,389 (4 per cent) of the LSOAs. However, counts of pupils by ethnic groups were available at Local Authority (LA) level. 
The percentages of ‘Non White-British’ in the LSOAs missing information were assumed to be the same as the percentage of ‘Non White-British’ of the LAs these LSOAs belonged to.
For median price of residential property sales which were published at MSOA level, an assumption was made that all LSOAs within their respectively MSOAs had the same median price values.

Assigning Hard-to-Count categories

The mean predicted day 10 non-response was approximately 22 per cent (+/- 7.7 per cent). 

Figure B5 shows the distribution of LSOAs by predicted census day 10 non-response rates. The red bars in the figure are a rough illustration where in the predicted non-response rates the 40%, 40%, 10%, 8% and 2% cut off points fall in each of the 5 categories of the HtC. It shows that the split used worked well.
However, in using this prediction model, we have to bear in mind that the predicted values are still based on a primarily paper mode of census returns. Despite uncertainties to what extent this will be directly applicable to a primarily online census return strategy, this is the best prediction we have at the moment. 

Figure B5: Distribution of LSOAs by predicted census day 10 non-response rates. England and Wales.
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[bookmark: _Toc517783075]
The analysis of the 2017 Census test also provided evidence that the 5 level split used is working well. Despite the low response/high non-response rates observed in the 2017 Census test, and while the differences observed by HtC categories were small, the results were reassuring. They showed the expected monotonically decreasing pattern in self response by HtC categories, independently of the mode used to first approach the households (online or paper). 
Annex C

One of the objectives of developing a HtC index is to provide a stratification variable in the sample design for the 2021 CCS. Also, the index may be used as required in the 2021 Census estimation and adjustment.

Annex C describes the research work conducted to investigate if a model to predict final census non-response rather than day 10 non-response would be more suitable to build a HtC index to be used as a stratification variable for the CCS sampling and 2021 Census estimation. The rationale for using a prediction model based on the final non-response rates would be that the CCS takes place after the census follow up is completed. 

The Annex describes the method used to model the predicted final non-response rates and compares the results of this model with the model to predict census day 10 non-response.  

Modelling to predict census final non-response rates

The 2011 Census final imputation rates (or non-response rates) were used as the outcome variable in a model to predict the 2021 Census non-response. 

The method and data used in the model to predict final non-response rates was the same as the model used the predict day 10 non-responses. The only difference was in the outcome variable used. A description of and analysis of the covariates used in the model was given in Annex B. 

Figure C1 presents the distribution of 2011 Census non-response rates (imputation rates). Compared with the distribution of 2011 Census day 10 non-response (Figure B1) it gives evidence how well the last census follow up, estimation and adjustment worked to decrease the differences in non-response amongst LSOAs. The mean final non-response rate was approximately 5 per cent (+/- 3.5 per cent) compared with 23 per cent (+/-10.2 per cent) ten days after the census day. 


Figure C1: Distribution of LSOAs by final non-response rates. England and Wales, 2011 Census.
[image: Histogram for perc_hh_IR]

Table C1 presents the final non-response model parameter estimates. Figure C2 presents the distribution of LSOAs by the predicted values of non-response given by the day 10 non-response and the final non-response rates models. Figure C3 presents the correlation between the predicted values given by both models. 

Table C1: Model parameter estimates
[image: ]

Figure C2: Distribution of LSOAs by predicted non-response rates given by the day 10 non-response and the final non-response rate models. England and Wales.

           Predicted day 10 non-response			     Predicted final non-response rates
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Figure C3: Correlation between LSOAs predicted day 10 non-response and predicted final non-response rates. 
[image: The SGPlot Procedure]
                            [image: ]                                                      

The correlation seen between LSOAs predicted day 10 non-response and predicted final non-response rates (Figure C3) is non-linear. This result suggests that the effect of the 2011 Census follow-up made less difference in reducing non-response in harder to count areas. 

Figure C4: Distribution of LSOAs predicted day 10 non-response and predicted final non-response by HtC category. England and Wales. 
[image: ]

Table C2a. Number of LSOAs in HtC categories 1 to 5 given by the predicted day 10 non-response and predicted final non-response rates models. England and Wales.

[image: ]

Table C2b: Percentage of LSOAs in HtC categories 1 to 5 based on predicted day 10 non-response where the predicted final non-response rates model categories agree. England and Wales.

[image: ]


Table C2c: Kappa statistical test of agreement in HtC categories attributed to LSOAs by each prediction model. LSOAs in England and Wales.
             [image: ]
            * Kappa = 0.83 = Almost perfect agreement (Landis and Koch, 1977) [footnoteRef:12]  [12:  Landis, R and Kock, GG (1977).  The Measurement of Observer Agreement for Categorical Data. Biometrics, Vol. 33, No. 1 (Mar., 1977), pp. 159-174.
] 


Table C3a: Number of LSOAs in HtC categories 1 to 5 given by the predicted day 10 non-response and predicted final non-response rates models. LSOAs in Inner and Outer London. 

[image: ]

Table C3b: Percentage of LSOAs in HtC categories 1 to 5 based on predicted day 10 non-response where the predicted final non-response rates model categories agree. LSOAs in Inner and Outer London.
[image: ]


All LSOAs in Inner London were attributed to categories 4 or 5 of the HtC. In LSOAs in Outer London the lowest agreement was seen in category 1 of the HtC. Only 20 per cent of the LSOAs in category 1 of the day 10 nonresponse model were also attributed to category 1 of the HtC in the final nonresponse model. Most LSOAs attributed to category 2 in the predicted day 10 non-response model moved to category 1 in the predicted final non-response model. This is expected because the final non-response model uses imputation rates as the outcome variable which is post field follow up, estimation and adjustment.

As the Kappa statistic test is a weighted test and category 1 of the HtC had the lowest number of observations in London, the overall agreement is still substantial (Table C3c).  

Table C3c: Kappa statistical test of agreement in HtC scores attributed to LSOAs by each prediction model. LSOAs in Inner and Outer London.
    [image: ]
    * Kappa = 0.73 = Substantial agreement (Landis and Koch, 1977)

The main objective of these two prediction models was to attribute scores to the LSOAs according to their difficulty to be counted in a census. 

The results given by the analysis comparing the two models and the attributed HtC categories using the split 40%, 40%, 10%, 8% and 2% indicate that there is no strong evidence to justify the use of two Willingness domains of the HtC index, one based on predicted day 10 non-response to support planning of follow-up resources, and their allocation and another based on predicted final non-response rates to be used in the CCS sampling and estimation.
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1 8,915        1,704         19.1 8,892        2,866        32.2

2 11,673      1,526         13.1 11,763      3,076        26.1

3 3,958        499            12.6 4,013        863           21.5

4 3,883        458            11.8 3,903        714           18.3

5 1,138        130            11.4 1,125        198           17.6

All 29,567      4,317         14.6 29,696      7,717        26.0
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Per cent difference  England and Wales  Inner London Outer London

within +/-5% 70% 9% 30%

between +/-6-10% 15% 17% 35%

between +/-11-19% 11% 45% 31%

between +/-20-49% 4% 30% 4%

greater or equal +/-50% 0% 0% 0%
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Parameter DF Estimate Standard 

Error

Wald Chi-

Square

Pr > ChiSq

Intercept 1 -2.1594 0.0052 -2.1696 -2.1491         169,819  <.0001

% caravans/flats/shared accomodation 1 0.0127 0.0002 0.0124 0.013            6,593  <.0001

% Non White-British 1 0.006 0.0001 0.0059 0.0062            7,219  <.0001

% people aged 16-29 1 0.0199 0.0002 0.0196 0.0203           13,627  <.0001

% claimants of Univ Credit and JSA 1 0.0724 0.0005 0.0714 0.0735           18,527  <.0001

Median price of residential property sales  1 0.0005 0.0000 0.0005 0.0006            1,033  <.0001

Region (3 categories)

Outer London 1 0.0375 0.0055 0.0268 0.0482            46.85  <.0001

Inner London 1 0.0592 0.0072 0.0451 0.0732            68.44  <.0001

Wales and Other English regions (ref)

0 0 0 0 0  .  .

Scale 0 1 0 1 1

Note:The scale parameter was held fixed.
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Parameter DF Estimate Standard 

Error

Wald Chi-

Square

Pr > ChiSq

Intercept 1 -4.0047 0.0096 -4.0236 -3.9859       172,711  <.0001

% caravans/flats/shared accomodation 1 0.0158 0.0003 0.0153 0.0163          3,948  <.0001

% Non White-British 1 0.0043 0.0001 0.0041 0.0046          1,164  <.0001

% people aged 16-29 1 0.021 0.0003 0.0205 0.0216          5,775  <.0001

% claimants of Univ Credit and JSA 1 0.09 0.0009 0.0882 0.0918          9,792  <.0001

Median price of residential property sales  1 0.0003 0.0000 0.0003 0.0004             112  <.0001

Region (3 categories)

Outer London 1 0.0033 0.0104 -0.0171 0.0238            0.10  0.7517

Inner London 1 0.0452 0.0125 0.0207 0.0696          13.09  0.0003

Wales and Other English regions (ref)

0 0 0 0 0  .  .

Scale 0 1 0 1 1

Note:The scale parameter was held fixed.
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Max 87.5

Min 12.9

Mean 21.6

Std Dev 7.7


image21.emf
Predicted final non-RR

Max 36.3            

Min 2.2              

Mean 4.2              

Std Dev 2.1              


image22.png
perc_pred_day10_non_res

Predicted_day10 by Predicted final non-response

100 |

80

70

60|

50

40

0

20

Parameter Estimates
Intercept= 667503
Slope =3.53920
Rsquare = 0.94

15 20
perc_pred_final_non_res

2

0

35





image23.emf
Outlier: Westminster 019B
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predicted day 10 non-response

1 2 3 4 5 All

1 13,000      901           13,901

2 901           12,418      582           13,901

3 582           2,555        339           3,476

4 339           2,340        101           2,780

5 101           594           695

All 13,901 13,901 3,476 2,780 695 34,753

predicted final non-response
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a

Approx. 

T

b

Approx. 

Sig.

Nominal by Nominal Contingency 

Coefficient

.85 0.000

Measure of Agreement Kappa*

.83 .003 236 0.000

34,753        

Symmetric Measures

N of Valid Cases

a. Not assuming the null hypothesis.

b. Using the asymptotic standard error assuming the null hypothesis.
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b
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Coefficient

.82 0.000

Measure of Agreement Kappa*

.73 .008 83 0.000

4,835        

Symmetric Measures

N of Valid Cases

a. Not assuming the null hypothesis.

b. Using the asymptotic standard error assuming the null hypothesis.


