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Administration 
 
Tricia Dodd (chair) welcomed everyone to the 30

th
 GSS Methodology Advisory Committee meeting, 

and gave apologies for those who could not attend the meeting.  
 

ONS and GSS news 

 
Tricia provided the following ONS and wider GSS news; 

 Eursotat peer review of ONS statistics and adherence to the Code of Practice – after visits to 

ONS, Eurostat have presented their recommendations and ONS have demonstrated their 

action plan (both available on EU website) around: 

o Improvements to the ONS website, 

o Speed of EDC project, and 

o Pre-release access. 

 ONS are awaiting results of the Spending Review 2015 bid – will hear what their settlement is 

on 25
th
 November. 

 European Conference on Quality in Official Statistics being held in Madrid in June 2016. 

 GSS Methodology Symposium’s 21
st
 anniversary next year. 

 

Methodology news 

 

Tricia informed the committee about reorganisation within methodology, following the appointment of 
new director David Best, to ensure we are arranged in the best way to provide methodology. 

Tricia then invited Bill Oates, Chief Data Scientist, to introduce himself at his first GSS MAC meeting. 
Bill explained that he and Tricia are the joint heads of the methodology family, securing ongoing 
services, continuing high quality work, building value into the business of ONS, and developing new 
tools and techniques for handling new sources of data. 

 

Minutes of GSS MAC 29 

The minutes of the 29
th
 GSS MAC meeting were agreed. 

  

Progress from GSS MAC 29 

Tricia referred to the progress since GSS MAC 29 noted in the meeting booklet. 
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Papers presented 

2.1 Paper 1: High frequency repeat victimisation in the Crime Survey for England and 

Wales 

 

Authors Laura Downham and Joe Traynor Office for National Statistics 

Presented by Laura Downham Office for National Statistics 

Discussant Jouni Kuha London School of Economics 

 

Presentation 

Laura Downham introduced the paper on high frequency repeat victimisation in the Crime Survey for 
England and Wales (CSEW). The aim of the work is to evaluate the current method used for treating 
repeat victimisation on the CSEW and investigate alternative approaches that will allow for the 
production of stable aggregate estimates. 
 
Laura began by outlining some background information about the CSEW explaining that it is a face to 
face survey in which people are asked about their experiences of a range of crimes in the 12 months 
prior to the interview. She explained that where respondents report more than one incident of the 
same offence in the reference year that these counts are capped at five. A capping method is also 
used in other national crimes surveys for example the US National Victimisation Crime Survey caps 
series incidents at 10. 
 
Laura described how the distribution of the number of incidents experienced by victims is highly 
skewed and showed that in the 2014/15 CSEW only 2% of incidents were part of a series where the 
victim experienced over 5 repeat victimisations. This small number of respondents who experience a 
high number of repeat victimisations would have a significant influence on the estimates if the 
numbers were not capped. 
 
If the current method of capping was removed the total number of CSEW crimes would increase by 
between 36% and 45%. This would differ by type of crime for example the number of violent crimes 
would increase by between 51% and 65% if the cap was removed. Another effect of the current 
method is that it also risks obscuring differential levels of repeat victimisation experienced by female 
and male victims. Uncapping the data leads to spurious volatility in the estimates over time, making 
any time series analysis difficult. 
 
Laura then discussed some suggested alternative methods including: 
 

 Differential capping for males and females 

 A cap at the long-term 95
th
 percentile for each crime category 

 Capping on the repeat number multiplied by the weight – this could be done alongside the above 

2 methods 

 Smoothing the weighted distribution of the number of incidents with the aim of reducing volatility 

 Using an alternative estimation system of best estimates of level and change which would require 

changes to the sample design and so could not be applied to the back series 

 Using the median count as the headline figure instead of the mean although this wouldn’t really 

solve the problem 

 
Laura asked the committee for their independent advice on the methods before the work is taken 

forward.
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The main questions posed in the paper were: 

Question 1: Is there a statistical justification for keeping the current method of dealing with high 

frequency repeat victimisation? 

Question 2: Is there a more appropriate statistical technique for dealing with outliers in this instance? 

 

Discussant response 

Jouni Kuha framed the problem in a broader statistical framework. He said that the overall aim is to 
estimate the total number of crimes and that high frequency events can be thought of as outliers in 
this statistical sense. Jouni explained that Chambers (JASA, 1986) makes the distinction between 
representative outliers (those where the measurement is correctly recorded and there are other 
similar values in the population) and non-representative outliers (those where the measurement is 
incorrect or unique). Although there may be some cases of measurement error in the crime survey, 
the focus here should be on the representative outliers. 
 
To estimate a total a standard Horvitz-Thompson (weighted sum) estimator could be used. This basic 
estimator will be unbiased but can have a large variance (MSE). In this situation the goal may be to 
produce an alternative estimator of the total which has a lower MSE but inevitably also a larger bias. 
 
Jouni explained that it would be helpful to look at the literature. Estimating a total where the 
distribution is skewed is not an unknown problem and the business survey literature could be useful 
here. However unlike most business surveys, the CSEW does not have auxiliary variables which are 
very strongly associated with victimisation and which would help with estimation. It was suggested 
that there would still be merit in talking to those working on business surveys in ONS, as there is a lot 
of methodological experience of dealing with similar issues which should be drawn on. 
 
Jouni then discussed some possible approaches for dealing with the high frequency events including 
changing the values of the outliers, changing the weights of the outliers, borrowing strength from 
assumptions about the shape of the population distribution and using robust estimation methods. He 
explained that some of these approaches will work better than other in relation to crime. He also 
noted that some methods may be better when estimating particular things e.g. disaggregated 
analyses vs. total crime. Where a method involves data-dependent choices, the optimal choice will be 
different for different analyses. He said it was important to identify what the considerations and 
preferences are. 
 
Jouni then answered the two questions posed. 
 
Question 2: Is there a more appropriate statistical technique for dealing with outliers in this instance? 
 
Response: It would be beneficial to set the discussion in the broader statistical framework described 
and think about it specifically as a statistical problem first. Further simulation studies of some of the 
suggested approaches could be carried out taking account of both practical and operational 
constraints. 
 
Question 1: Is there a statistical justification for keeping the current method of dealing with high 
frequency repeat victimisation? 
 
Response: This question also belongs within the broader framework and specifically the category of 

methods which change the values of outlying observations. The current method may give the 

impression that the data are being changed because of measurement error (i.e. not believing the 

respondents). If the performance of this method was evaluated for the CSEW data it is hard to tell 

whether it would perform well. 
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Open discussion 

Pete Brodie suggested that winsorisation, a technique used in business surveys within ONS to 
reduce the effect of outliers, could be useful here, especially given that there is lots of experience 
available within ONS on this. He also noted that an estimator which may be best for estimating totals 
may not be the best estimator for measuring change and that the best estimator at low levels may not 
be best once these totals are summed. He added that if a cap continues to be used it is important that 
it is justified and regularly reviewed. 
 
Joe Traynor responded saying that the cap for the American Victimisation Survey has been revised 
in the last couple of years. They currently use a cap of 10 series incidents over a 6 month period as 
they found that beyond that people begin to estimate. He added that the interest in crime statistics is 
in both change over time as well as estimates by type of crime and total crime and whilst it is 
important to ensure that the estimates are non-volatile it is also important that people who are repeat 
victims are not ignored. 
 
Patrick Sturgis highlighted that there is also a political dimension to the issue and that the gender 
difference in victimisation rates should not be underplayed. He commented that it is important to be 
clear about the overall objective – measuring the difference between men and women or changes in 
victimisation events over time? He suggested that the problem could be thought of as a reporting 
issue with a separate report produced on high frequency repeat victimisation which may address the 
political issue and could use multiple years of data together to produce robust estimates. 
 
Joe Traynor responded saying that currently only one series of numbers is produced but it is possible 
to produce multiple figures and reports although this may further complicate the statistics. 
 
James Gillan asked if there was any auxiliary data available from the police which could be used to 
control the total to? 
 
Joe Traynor said that the police recorded crime data would be difficult to use to compare to. Other 
information is available from the self completion section of the survey which measures domestic 
violence (which is one of the more volatile estimates) in a different way but it can’t be used to produce 
accurate repeat victimisation rates. 
 
Bill Oates noted that the proportions in Table 3 appear to be less volatile than the numbers and 
suggested it may be better to report this in the outputs. 
 
John Pullinger questioned where the most suitable analogy of the problem was and asked what is 
done in the wealth and assets survey? 
 
Pete Brodie replied that medians are used but there are similar issues. He suggested that this could 
be thought of as a small area estimation problem but another data source would be needed, perhaps 
the police recorded crime data could be used. 
 
Joe Traynor agreed but noted that there are problems with the police recorded crime data and there 
is a lack of consistency in its recording. 
 
John Pullinger concluded by saying that borrowing strength over past years data seems like a good 
option. 
 
Joe Traynor agreed and said that the team would look to take forward this work, continuing the 

investigations in partnership with methodology. 
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Addendum 

In January 2016 Brian Francis and his Lancaster University colleagues published their paper ‘Is 

Violent Crime Increasing or Decreasing? A New Methodology to Measure Repeat Attacks Making 

Visible the Significance of Gender and Domestic Relations
1
’ in the British Journal of Criminology, and 

asked that it be included in these minutes as a late response to this methodological problem. 

                                                           
1 http://bjc.oxfordjournals.org/content/early/2015/12/31/bjc.azv131.short?rss=1 
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2.2 Paper 2: 2021 Census Coverage Assessment and Adjustment strategy 

 

Authors Helen Ross and Owen Abbott Office for National Statistics 

Presented by Helen Ross Office for National Statistics 

Discussant NA  

 
Presentation 

Helen Ross reviewed the methodology used in 2011 and outlined the purpose of the 2021 coverage 
assessment and adjustment strategy.  

The 2021 census aims to calculate, with 95% confidence, an interval of 0.2 % around the national 
population and intervals around local authority populations of 3%. 

Helen gave an overview of the main changes to the census design in 2021 that are likely to influence 
the methodology: 

 Primarily online data collection 

 The potential to use admin data 

 Field operation will be more targeted where there is believed to be the poorest response rates 

Helen discussed four areas of innovation – coverage survey design, sources of data, estimation and 
adjustment. The key work which will be undertaken in these areas was described. 

Helen asked the committee for advice on the strategy and suggestions -regarding the methods and 
improvements discussed. 

 
The main questions posed in the paper were: 
 
Question 1: Does the committee have any comments on the strategy and its objectives? 
 
Question 2: Does the committee have any further suggestions for improving the Coverage Survey 
Design? 
 
Question 3: Does the committee have any further suggestions for how alternative sources of data are 
used in the coverage strategy? 
 
Question 4: Does the committee have any comments on the proposed estimation options? 
 
Question 5: Does the committee have any suggestions on alternative approaches for adjusting the 
census database? 
 
Question 6: Does the committee have any advice on the proposed communications with 
stakeholders? 
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Open Discussion 

Pete Brodie (PB) asked if the census and coverage survey were both based on the address register, 
how would they be kept independent? 

Bill Oates (BO) stressed the importance of cutting down on clerical work, matching data to the 
address register.  

BO suggested that if we move to an address based system, there could still be under coverage but it 
might differ in nature, where most addresses would be included but small units within addresses could 
be missed.  

PB believes the scale of under coverage in the address register would be very small compared to the 
under coverage of the census. 

BO asked whether changing the date that the census is taken would change coverage and whether 
the change of method affects under coverage. 

BO also explained how over reporting can occur where someone may complete the census on their 
phone, unaware that a housemate had completed the census on their behalf.  

Multi system estimation and the use of administrative data was discussed.  

Helen said that the use of administrative data in estimation would only be possible if the data was of  
high quality. 

The exact format of the census and whether there will be a paper form was discussed but it was 
explained that this has not yet been decided. 

Peter Smith said there will be a pilot test to see the success of moving to an online form and asked 
whether this could be conducted now. 

There was some discussion about whether there were other online data collections that could be used 
for comparison. Helen said that they had looked at a number of online government transactions to 
identify response patterns including online registration of driving licenses but it was difficult to make 
direct comparisons  

The committee suggested that ONS should put together different scenarios to investigate what might 
happen for different methods. 

BO suggested an admin based coverage survey and making more utility of any such coverage 
survey. 

Marie Cruddas (MC) confirmed that there is no possibility of ONS conducting any new population 
surveys before 2021. 

James Gillan said that ONS could look at the coverage survey to estimate the quality of admin data. 

There was some discussion about the difficulty of matching to admin data, particularly if the data is 
based on addresses but the admin data is based on other personal identifiers. 

Jouni Kuha said that it could be very hard to explain the need for a coverage survey to the general 
public. The committee discussed this issue, several suggested they would prefer to have better data 
than a method that was easy to explain.  

BO suggested that a method could be transparent even if it was complicated and even if the 
respondents didn’t necessarily understand the method.  

MC explained the need to have a simple and robust method so that it can be conducted effectively.  
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David Firth came back to the point about having a method that people can understand, using election 
night polls as an example and the problems this had caused. Therefore, he suggested it was only 
worth having a more complex method that people will struggle to follow if there is a discernible 
improvement in the data. MC said that estimates would be made about the expected success of 
different methods before any decisions are made.  

MC indicated that at this stage we were just discussing the framework and that imputation has real 
potential.  

BO asked ONS to consider the impact of using different types of forms such as using paper and 

suggested that this was made a priority. 

GSS MAC 31: GSS MAC 30 Minutes 



 

 14 

2.3 Paper 3: Piloting Electronic Data Collection for Business Surveys 

 

Authors Nick Barford, Markus Sova and Iolo Tomlinson Office for National Statistics 

Presented by Nick Barford and Markus Sova Office for National Statistics 

Discussant Patrick Sturgis University of Southampton 

 

Presentation 

Nick Barford introduced the paper on piloting electronic data collection (EDC) for business surveys 
explaining how the Office for National Statistics are looking to move a large amount of survey 
collection online to reduce costs and burden whilst maintaining quality. The aim of this work is to pilot 
the first survey for EDC which is the Monthly Wages and Salaries Survey (MWSS) and to analyse its 
performance.  
 
Markus took over to present on the sample design. Here he explained that the pilot sample 
permanent random number (PRN) start points are away from the corresponding MWSS sample PRN 
start points. He further outlined that the sample would also include mode switchers which are any 
business that are rotated out of the MWSS sample and recruited into the pilot in the following month. 
Unlike the existing MWSS the pilot sample would also include businesses with less than 20 
employment size. The proposed sample size by month for the pilot would at first be very small to 
prove operations and analysis systems before a continuous ramp up to the full pilot sample. 
 
Nick showed response rate comparisons between the pilot and paper questionnaire. It was seen that 
EDC response rates were initially quicker than that of paper however paper caught up. Nick attributed 
this as a result of EDC having a high proportion of newly selecteds and also the inclusion of smaller 
businesses. The purpose behind this is to assess the anticipated timings, operational benefits and 
inform reminder and response chasing strategies. 
 
Nick then went on to discuss the editing and imputation analysis. By looking at the failure rate 
comparisons it can be seen that all user defined failures and re-contacts for post collection were 
eradicated for EDC as these checks are in the eQ. High proportions of newly selecteds for the pilot 
are causing a large amount of selective editing failures. The imputation analysis has been conducted 
by modelling the non-response patterns in the paper survey and EDC and then knocking holes at 
random to simulate missingness.  
 
Lastly Nick outlined the uses for the paradata. Highlighting the ability to analyse the respondent 
journey through the system and also ways of identifying and following up outlier cases based on 
completion time, drop outs/unusual paths, triggered edit check, no/partial response, and assisted 
digital cases. He went through some eQ footprints to support this. 
 
The main questions posed in the paper were: 

Question 1: Advice is sought as to whether the survey data mode effect analyses are suitable and 

which additional analyses would be appropriate, while avoiding the trap of significance hunting. 

Question 2: Advice is sought on the proposed editing and imputation analyses and whether 

additional analyses would be appropriate. 

Question 3: Advice is sought on the proposed paradata analyses and whether additional analyses or 

alternative approaches should be taken. 
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Discussant response 

Patrick Sturgis thought it was important in general for ONS to move to online surveys. He discussed 
his experience with household surveys which are trying to make this transition although he stated that 
for social surveys the case for moving is less clear cut. He pointed out that the Understanding Society 
Survey decided to remain face to face, after initially moving to EDC. He felt that the reasons for 
changing to EDC were highlighted however he issued caution saying that the cost gains are not 
always as large as they would seem.  
 
He went on to comment how much benefit there was from moving from one self-completion mode to 
another was yet to be seen. Being compulsory & a short questionnaire means it was going to have a 
good response rate. He was expecting EDC to be better and this he saw from the supporting analysis 
in the paper. 
 
Patrick thought the paper was really good and clear. He went on to make the following comments on 
the three main areas. 
 
Mode Effect:  

 Saw no real evidence that there will be a large mode effect as a lot of tests are already being 

carried out. 

 Suggested you could fit a model for y with a dummy as a mode indicator to see if you get an 

effect there but given what you are finding probably not worth going down that route. 

 Looking further to find a different model could lead to significance hunting as cautioned upon 

in the paper. 

 He suggested that what was missing from the paper was starting assumptions about what the 

mode effect might be and expectations of what would matter. 

 
Editing & Imputation:  

 Showing what we expect that EDC would be better. Not just for cost savings but also 

responses will come quicker. 

 Built in user checks are clearly better. No strong suggestions for looking at other edit checks. 

 Given what is being done regarding imputation analysis he was not clear how you did expect 

to see differences from this between data. Might expect to get different patterns of missing 

data. 

 
Paradata:  

 Giving you some additional information that is not available for the paper. For EDC you are 

getting a lot more and better quality paradata. Highlighted this as a clear benefit. 

 Could do a small study into user experience to gain a better feedback about EDC and build a 

better business case moving forward. 
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Open Discussion 

David Firth: Asked if there was any sense in looking at whether there is a mode effect on the non-
response mechanism. Markus – Responded saying the graphs in the slides show this however no 
formal work being done. David went on to say that further work here may help to understand 
imputation properly. 
 
Jouni Kuha: Regarding the imputation was a bit unsure about what was being done. He said that 
looking if EDC reduced the need for imputation is response rate and that is covered elsewhere.  He 
thought measuring the impact on imputation bias was a good question. However he thought that 
perhaps it was not being achieved by the method suggested. He said something else would need to 
test imputation and this would not be easy due to the mode effect. He thought there was more work to 
be done in this area. 
 
Pete Brodie: Highlighted the main difference between the two modes of self completion was the 
editing. He suggested that some merit into looking at where to draw a line when it comes to how many 
edits to put into an eQ. He also made the suggestion that the paradata could be used as a predictor 
for an error testing tool. That you could potentially build it into selective editing modelling looking at 
time spent answering the questionnaire. Peter Smith – Agreed saying you could also look at number 
of times the data changed. 
 
Bill Oates: Asked whether EDC allowed partial non response. Nick- Said currently it did not. The 
paradata was also brought up and Bill asked whether the time measuring through the survey took into 
account forgotten passwords and time outside the survey itself. Making the point that refining this 
process would increase the response rate. Nick – Answered here that it would be possible to show 
the full user experience although the majority of the paradata was still unavailable the scope of 
analysis from it was huge. 
 
James Gillan:  Liked how it could be used as a one to many and also many to one collection mode. 

Here he asked that where there were multiple responders for a business how this would be regulated 

if they did not wish for some responders to see certain responses. Nick – Replied that nothing was set 

up currently but may need to be in the future. This opened a discussion on security and the 

importance of building trust. James suggested a follow up non-response study to find out more about 

this from the user. He then asked had other modes of collection been tested e.g Smartphones. Nick – 

Answered that the paradata looks to see what devices are used. Majority are currently using PCs and 

laptops. Nick also made the point that one request from responders is that they get an outline of what 

the survey is looking for up front. James - Finally asked if response rate slowing down for EDC was 

solely down to newly selected. Nick - Said it was and the inclusion of the smaller businesses. 
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2.4 Paper 4: Developing Construction Price and Cost Indices 

 

Authors Kat Pegler and Bella Wheeler Office for National Statistics 

Presented by Bella Wheeler Office for National Statistics 

Discussant Peter Smith University of Southampton 

 

Presentation 

Bella Wheeler gave the background and recent history of responsibility for construction price and cost 

indices and how they have been transferred to ONS. 

Bella explained the difficulties of the task of developing new indices and provided an overview of the 

composition of an interim solution series produced by the ONS, before setting out their development 

plans. 

Bella asked the committee for advice on the development plans across the areas of: 

 Classification and defining pricing mechanisms, 

 Approaches taken by other NSIs, 

 User consultation, and 

 Potential data sources. 

The main questions posed in the paper were: 
 
Question 1: What does the committee think we should be trying to measure in terms of classifications 
and pricing mechanisms? 
 
Question 2: Are members aware of how others measure price changes in the construction industry? 
 
Question 3: Can the committee comment on our approach to user consultation, or have opinions on 
what users want us to measure? 
 
Question 4: What are members’ opinions on the potential data sources we could use (administrative 

data sources or survey data)? 

 

Discussant response 

Peter Smith’s initial thoughts were to suggest further investigation into why the interim solution isn’t 
good enough for the long term, pointing out that whatever solution is proposed there will always be 
cons, and regarding hierarchy for classification, different people will want different things. 

Other countries (NSIs) may not be doing what ONS would like to do because it is too difficult -  they 
may have already passed down this route, found the same problems as ONS in coming up with new 
solutions and ruled out the options ONS are going to look at. Peter added that Statistics Canada 
definitely produce something. 

When consulting construction companies (that have responded to the Monthly Business Survey and 
agreed to provide feedback) Peter said to give them options: what if ONS didn't do this? or changed x 
for y? what would the companies response be, do they think this would be better or worse? Ask, what 
would users like? Use academic literature for guidance. Peter agreed that going to speak with the 
construction industry is worthwhile. On data sources, Peter said that it would also be worth 
considering web scraping for materials costs. 
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Open Discussion 

Bill Oates picked up on the web scraping as a source of data that Peter briefly touched upon, could 
web scraping be used for the materials side? There has been an increase in 'Digitalisation' of the 
construction sector: on-line surveying tools and standard price lists for things like repair and 
maintenance and ‘rated people’ type dating websites now exist, that companies can use to cost jobs, 
which could be useful indicators of price movements. 

Building information models (BIM) are an expanded version of CAD, providing component based, 
standardised project plans along with life cycles of maintenance (which could be used to estimate 
repair and maintenance in the future). All public sector projects have the expectation to use BIM from 
2016, with many private sector projects already using it. If little administrative data exists then BIM 
could be useful information to tap into. Bill suggested that a horizon scanning exercise would be worth 
doing (which he has offered his help in doing).  

Richard Smith said it would be good if we could break down construction into essential components 
(BIM approach possibly does this). He was not keen on SIC classification suggesting it doesn't fit with 
the type of work we would be interested in, instead BIM classification/hierarchy might be better. 
Questioned the level of coverage from the self selecting responses of construction companies that 
responded positively to our request to meet them. Said that market pressures are likely to have affect 
on margins, and would be interested to know how companies set their margins. 
 
Pete Brodie we/ONS already have the components for labour and materials costs, the missing part 
are the weights for the price change in labour and materials. Different projects have a different 
balance but some things may be stable. Kat Pegler confirmed that the interim solution makes 
assumptions about productivity and margins (input prices = output prices) remaining constant. Pete 
said as businesses want to increase their profits, the state of current markets has a big effect on 
margins, and suggested we look for a way to benchmark any solution produced to ensure it moves in 
line with markets. 
 
John Pullinger said that with the interim solution everyone knows what we are getting at, but margins 
and markets are the thing they are interested in. The current housing market in London (high demand 
low supply) does not compare to the current steel industry in the north east as they are very different 
markets, there is a 'market pressure' imbalance between supply and demand, which we are not 
capturing. 
 
Predicting market conditions, looking forward for land and prices margins etc. is there a way of 
capturing this market pressure? Construction companies must be thinking about what sectors will 
have better margins in future, influencing what type of work they take on and how they invest going 
forward - this is how supermarkets operate in order to attempt to increase their margins. Is there a 
predictor of market conditions (ie stock market) that we could put over/add to the interim/input 
approach (transparently)? We are currently missing the big elephant, as a result deflation is 
differentially way out. Is there someone out there that can supply intelligence to the industry? 
 
James Gillan came back to the components, and suggested taking a systematic approach. Said we 
need something to get us from input to output prices – gross operating surplus? Take interim solution 
and build in something to get us to the output prices, maybe something to take account of region or 
area (as it’s very different building in London to elsewhere in the UK). A purchasing managers index, 
or do the main construction companies have their own models? When companies tender for projects 
could this data be available? 
 
On exports, James added that the Republic of Ireland sent ‘boat loads’ of builders to GB during the 
recession (not technically exports) – perhaps could ask companies for value of work carried out in a 
territory. 
 
David Firth said that we could try getting public sector construction tender information from local 
authorities/local government rather than from building companies (who have different agendas to 
government) in order to benchmark/check values against. 
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Tricia Dodd concluded by saying that all committee members were understanding of ONS' challenge 

in developing construction prices indices, recognising what a difficult task it is. The main message 

was to come up with a non complex, easy to defend approach that could be understood. The interim 

measure is a good basis with a few alterations, whatever approach ONS decide to take it will draw 

some level of criticism – it is the nature of the beast, there will always be cons with any agreed 

methodology. 
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AOB 

 
Tricia then concluded the meeting by summarising the topics covered during the day, thanking the 

committee for attending and for an interesting set of papers from the authors. 

Tricia announced the next meeting will take place during the week commencing 23 May 2016 (at 

ONS, Drummond Gate, London) Bella will inform members of actual day once resources are booked. 

 

Summary of actions 
 

Secretary to inform members of next meeting date. 
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3.0 Progress on GSS MAC 30 papers 

Update from Paper 1: High frequency repeat victimisation in the Crime Survey for England and Wales 

The advice and comments provided by GSS MAC on the issues and possible ways of treating high 

frequency repeat victimisation on the Crime survey for England and Wales proved to be very useful.  

 

Following the meeting, we have now commissioned a review of the methods for treating high frequency 

repeat victimisation. The ongoing review, which will evaluate a range of methods, is due to be completed 

in the Spring and the final proposed method will be published before the quarterly crime statistics release 

in July 2016, with any revised estimates to be published at a later date. 

 

Update from Paper 2: 2021 Census Coverage Assessment and Adjustment strategy 

The authors would like to thank the committee for their helpful comments and suggestions. Work is 
ongoing to develop the methodology required to deliver the coverage assessment and adjustment 
strategy presented to the committee. The following is a summary of what we are exploring now: 
 
a) We are currently considering the advantages and disadvantages of moving the CCS sample design 
from sampling postcodes to addresses. Whilst there are potential risks around a lack of independence as 
identified by the committee, we believe that this could be mitigated by a specific CCS address checking 
phase which is de-coupled from the main interviewing. However, this needs to be costed to balance 
against any gains in precision. Preliminary simulations indicate that address based sampling might 
provide precision gains of around 20 per cent. However we have yet to explore the cost trade-off for this 
increase. 
 
b) Matching methods are being explored by the Record Linkage Branch. They have reviewed the use of 
exact and probabilistic methods for Census to CCS linkage, using some of the algorithms developed as 
part of the Beyond 2011 project. As expected, increased levels of automated matching can be achieved, 
but the price paid is an increase in error. Further work to understand the impact of these on the estimates, 
and the likely savings in clerical resources are the next steps. In addition, we need to quantify how the 
online census and possible electronic capture in the CCS will help improve data quality and hence linkage 
rates. 
 
c) Further exploration of estimation methods continues to look at the issues raised by the GSSMAC at the 
28th meeting about weighting classes. This work is indicating that the weighting classes can be thought of 
as an alternative form of a Dual-system Estimator where the assumptions differ. We have also been 
exploring the use of log-linear modelling to improve the DSE methodology - results are extremely 
promising. A further GSSMAC paper on estimation is likely to result from this work. 
 
d) Resolving some of the issues with the 2011 Coverage adjustment methodology have been a priority, 
resulting in a paper to be presented at this GSSMAC meeting. 
 
The comments made by the committee around communication of the methodology, the use of 

administrative data and the impact of the census moving online have been noted and used to update the 

work plans around these areas. However, we have not done any work on them specifically. 

 

Update from Paper 3: Piloting Electronic Data Collection for Business Surveys 

From the GSS MAC we took away the requirement to look at the levels of 'missingness' within the paper 
and EDC datasets, while accounting for mode effects. 
 
To do this we have been imputing the EDC missingness with the paper data and vice versa, for data that 
would have been imputed using the current imputation method. This has shown that there seems to be 
very little difference between the two datasets in terms of their missingness. 
 
Additionally, we have been looking at imputation levels within the two datasets. Initial findings showed that 
imputation levels on EDC were lower than for paper, but this was also confounded by the slower than 
expected ramp up of the sample, meaning less imputation took place within the EDC dataset than paper 
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because the current imputation method relies on previous period data, much of which was not available. 
Later analysis (as the sample was increased) shows that EDC levels of imputation are higher than paper. 
We are currently investigating if this is just due to the sample ramp up, or whether other factors are 
involved. 
 
A further area of analysis, that we may look at, is to look at the returned, unimputed data between both 

datasets and see if differences in distributions are significant. 

 

Update from Paper 4: Developing Construction Price and Cost Indices 

The authors are grateful to the committee for their helpful comments and suggestions. 

Work is still ongoing to develop price and cost indices for the construction industry, the discussion of ideas 

at the MAC has led to further avenues of exploration (looking at Business Information Models) and 

extension of the development plans. 
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4.0 Papers for discussion at GSS MAC 31 
4.1 Developing an approach to addressing potential discontinuities in the new 
National Survey for Wales 
 

Paul A. Smith1, Jan van den Brakel2, Nikos Tzavidis1 

1
S3RI, University of Southampton, Highfield, Southampton, SO17 1BJ 

2
Department of Quantitative Economics, Maastricht University, Maastricht, Netherlands 

 

Executive summary 

The new National Survey for Wales design replaces five existing surveys, and acts as a single survey 

covering many of the same topics. In parallel with the last periods of the existing surveys, a large-

scale pilot, essentially of the new design but with some important differences, has been undertaken. 

This paper discusses the proposed approach to the analysis of these data to make an initial 

assessment of the discontinuities in changing to the new survey design. 

Key words 

Discontinuity; small area estimation; Fay-Herriot model 

Aim of paper 

This paper sets out the proposed approach to the analysis of discontinuities in the new design of the 

National Survey for Wales, based on the last periods of the original surveys and a large-scale pilot. 

Feedback on the methods and the types of outputs reasonably expected from the analysis are 

sought.  

Main issues for discussion 

Question 1: What is the best way to combine the model variance and the sampling variance? How 

would you best interpret a statistic which combines a sampling and a modelling process? 

Question 2: Does the MAC have any guidance on how to present and interpret estimates of 

discontinuities when the power to detect differences from zero is low? 

Question 3: How is it best to present the results of the Benjamini-Hochberg adjustment procedure? 

There doesn’t seem to be an approach which produces confidence intervals adjusted for multiple 

testing using the B-H procedure. 

Question 4: What is the best approach to making an adjustment (or not) for an important discontinuity 

with a large standard error? 
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Developing an approach to addressing potential discontinuities in the new National 

Survey for Wales 

 

1. Introduction 

 

The Welsh Government (WG) is replacing five original surveys (with a combined sample size of 

40,900) by a single, unclustered survey with a sample size of 12,000 covering similar topics.  The new 

survey is running continuously from March 2016. The last waves of the original surveys overlapped 

with a large-scale field test using a similar design and methods to the new single survey, but with 

important differences (the test sample was clustered, and sampling was more disproportionate by LA) 

which act to increase the sampling variance. WG have let an analysis contract (to be undertaken by 

the University of Southampton with Maastricht University) to use the information from the original 

surveys and large-scale test to identify differences between the measures of key variables from the 

two approaches (discontinuities). 

 

This paper sets out the proposed analysis approach and makes some suggestions for how the 

analysis could be continued in the future when further data on the new survey are available. 

 

2. The surveys 

 

The properties of the five original surveys are summarized in Table 1. They have a combined annual 

sample size of 40,900, and cover a wide range of topics. They are being replaced by a newly 

designed National Survey for Wales (NSn, contrast with NSo for the old survey) with an annual 

sample size of 12,000 covering similar topics, but with a design which is unclustered annually (though 

clustered for periods shorter than a year). In order to make interviews of a reasonable length, some 

topics will be subsampled; the final sample size for these will be <12,000.  

 

Table 1 Design features of original surveys 

 

Survey Frequency 
Length 

(mins) 

Sample 

Size 
Design 

National Survey Annual, continuous.  

Final year 2014-15. 

25 14,500 Face-to-face, random sample, 65-70% 

response rate 

Welsh Health Survey Annual, continuous.  

Final year 2015. 

25 15,000 Primarily self-completion, random 

sample, 64% response rate 

Active Adults Survey Every two years. Final 

year 2014. 

20 8,000 Face-to-face, random sample, 52% 

response rate 

Arts in Wales Survey Every five years.  Final 

year 2015. 

15 7,000 Face-to-face, quota sample,  

Welsh Outdoor 

Recreation Survey 

Every three years.  Final 

year 2014. 

15 6,400 Telephone interview, random selection 

of telephone contacts in target Spatial 

Planning Areas, 8% response rate in 

2014, 23% in 2011 
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A large scale field test of the new survey approach with an achieved sample of 2,800 adults (one in 

each responding household) was undertaken by the contractor for the 2012-15 National Survey, TNS 

BMRB.  The design was as similar as possible to the new survey design. The main differences are 

that it was clustered for fieldwork efficiency, but designed to provide reasonably precise estimates at 

national level, and that sampling was more differential by Local Authority (LA) so that approximately 

equal interview numbers were achieved in each.2 The sample was drawn from the PAF, stratified by 

LA. Fieldwork took place May to August 2015, following on fairly closely after the end of fieldwork for 

the final waves of the 2012-15 National Survey, the Active Adults Survey, and the Welsh Outdoor 

Recreation Survey; and in parallel with the final waves of the Welsh Health Survey and the Arts in 

Wales Survey.  The median survey length was approximately 45 minutes, with substantial 

subsampling and a CASI module covering potentially sensitive topics (mainly ones taken from the 

current Welsh Health Survey). 

 

3. Models for assessing discontinuities 

 

The changes to the design of the survey can have effects on the measurement process, and this can 

mean in essence that the new survey (and pilot) measure a slightly different concept for each variable 

than the original surveys. We will take it that we want to compare the new concept with the original 

concept based on the data, and that this difference will estimate the discontinuity. We therefore need 

a way to make consistent estimates from the old surveys and from the pilot of the new survey. The 

estimates from the old surveys together with their standard errors accounting for the complex survey 

designs will be available from the ordinary processing of the surveys at WG. The requirement is 

therefore to make estimates of the same variables with their ‘new definitions’ caused by the change in 

the survey design. 

 

In order to make such a discontinuity estimate we will need to make some assumptions: 

 the time difference between the pilot and surveys which were not concurrent with it can be 

ignored (or, if there is an obvious trend, modelled) 

 the differences between the pilot survey and the NSn designs do not affect the concept that 

NSn will measure, so that the pilot can be used as if it were the NSn estimate (the design of 

the pilot will affect the variance, however) 

 

We want to make the best use of the pilot data, which has a small sample size, to make estimates for 

a range of variables in a range of domains (population subsets, which can be defined geographically 

or by other characteristics).3 The classical approach to making estimates for small domains from 

sparse data is to use a small area model, incorporating information from a data source which is well 

correlated with the variable of interest. In this case we have the estimates from the original surveys, 

which should be very strongly correlated with the new concept. Our general approach therefore is to 

use Fay & Herriot’s (1979) area-based small area models as a way to incorporate this information in 

the estimates of the new concepts (following the approach in van den Brakel, Buelens & Boonstra 

                                                           
2 The sample for the new National Survey is designed to be broadly in proportion to local authority sample size, 

but with a minimum effective sample size of 250 a year in the smallest authorities and of 750 in one local 

authority (Powys).  

3 Use will be made of the pilot data to do this, rather than waiting for the first full set of results from the new 

survey, to give survey users as early as possible an indication of discontinuities. 
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2016). This models the estimate θi for a domain i under the new concept for the variable of interest 

(that is, in the pilot survey in this case) as: 

 

                                    iiii eux   Tˆ                                                                   (1) 

 

where xi is a vector of auxiliary information (in this case including the estimates from the original 

survey),   is a parameter vector to be estimated, uj is a random area effect  2,0~ uN   and ei is a 

random error  iN ,0~ . The two errors are assumed to be independent, and i  is assumed to be 

known. 

 

It is important to produce good estimates of i  from the regular survey accounting for the complex 

design features, as these affect the weight given to the direct and indirect estimates in the small area 

estimator. These i , although estimated from the survey, are treated as known (a standard approach 

in small area estimation). In some circumstances their estimation can be improved through a model or 

they can be ignored altogether (see van den Brakel, Buelens & Boonstra 2016 for details). 

 

3.1 Definition of a discontinuity 

 

At the end of the model-fitting process we therefore have a model (small area) estimate on the new 

concept together with its estimated model variance, and a survey estimate on the original concept 

together with its sampling variance. The estimate of the discontinuity (using the assumptions from 

section 2) is therefore  

*ˆˆ
iii    

 

where *i  is the survey estimate. In order to make an assessment of whether this is an important 

difference, we would like to be able to combine the model and sampling variances, noting that they 

are not independent. An estimator for the variance of î  is given by van den Brakel, Buelens & 

Boonstra 2016, and we propose to apply this. 

 

QUESTION 1: What is the best way to combine the model variance and the sampling variance? How 

would you best interpret a statistic which combines a sampling and a modelling process? 

 

WG have suggested that a difference of 5 percentage points (in proportions) might be considered to 

be important, and we have accepted this initially as a threshold to work with. Therefore our interest 

centres on î which can be tested against 0.05. Until the data are available and some analysis can be 

done it is hard to know what outcomes to expect, but WG have asked for assessment of 

discontinuities for many quite small domains, so it would not be particularly unexpected for many 

domains to show no significant discontinuity because the estimated variance of î  is rather large 

compared to its magnitude (that is, the pilot survey is not sufficiently large to give us the power to 

make these assessments). Therefore the expected outputs will show the estimated discontinuity and 

the estimated MSE. Guidance will be provided to help users to interpret these statistics. 

 

QUESTION 2: Does the MAC have any guidance on how to present and interpret estimates of 

discontinuities when the power to detect differences from zero is low? 
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3.2 Multiple testing 

 

Because a large number of t-tests will be done to examine the discontinuities for a range of variables 

in many domains, some significant results would be expected by chance even if the null hypotheses 

of no discontinuity were all true (that is, we would expect to observe α% type I errors). In order to 

provide an assessment of whether any of the identified discontinuities are particularly important, we 

will use the Benjamini & Hochberg (19??) procedure to adjust the p-values. Such an adjustment 

makes it even less likely that any of the discontinuities will be significantly different from zero (that is, 

the power will be low), but the analysis will help to explain how the results may be interpreted. 

 

QUESTION 3: How is it best to present the results of the Benjamini-Hochberg adjustment procedure? 

There doesn’t seem to be an approach which produces confidence intervals adjusted for multiple 

testing using the B-H procedure. 

 

4. Adjusting for discontinuities 

 

WG has asked for a procedure to allow for adjusting for discontinuities. Once the estimates î  from 

the modelling procedure are available, these can be added to the back series to adjust it onto the new 

concept, or taken away from the NSn estimates to adjust them to the old basis, under the 

assumptions listed in section 2. In addition for this to be acceptable we must assume that the 

discontinuity as measured is consistent over time. 

 

In the situation where the size of the discontinuity is small, and small relative to its standard error, 

then there is no need to make an adjustment. 

 

The most difficult situation is when the discontinuity is large enough to be important (>5% on the 

initial, working definition), but where its standard error is also large such that it is not significantly 

different from zero. Then it is not clear whether to make a low-quality adjustment which may 

nevertheless be the best available. 

 

QUESTION 4: What is the best approach to making an adjustment (or not) for an important 

discontinuity with a large standard error? 

 

5. Future research 

 

Once the NSn has been in operation for some periods, there will be time series information in the new 

series as well as the time series evolution in the estimates from the original surveys. This provides a 

different basis for making estimates of the discontinuities which borrows strength over time, potentially 

as well as through small-area estimation. Such an approach is outlined in van den Brakel, Smith & 

Compton (2008) and covered in more detail in van den Brakel & Roels (2010). This procedure should 

both provide updated estimates of discontinuities and allow the production of consistent time series 

through the application of a Kalman filter model. 
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4.2 2021 Census Coverage Adjustment Methodology 
 
Sebnem Oguz and Owen Abbott 
Population Methodology and Statistical Infrastructure Division, Office for National Statistics, 
Segensworth Road, Titchfield, Fareham, PO15 5RR  
 

Executive summary 

 
The 2021 Census Coverage adjustment methodology aims to adjust the Census micro database to 

take account of people and households estimated to have been missed by the 2021 Census. 

 Estimates of under-enumeration are derived from a large survey, the Census Coverage Survey 

(CCS). The adjustment methodology uses an imputation approach, with the population level 

estimates as constraints. In 2001 and 2011 a two stage modeling, weighting and imputation approach 

for persons and households was adopted. In general, the basic imputation methodology worked well, 

however the implementation was challenging. The main issue was the calibration of household 

weights to both household and person level estimates. The evaluation of the 2011 methodology 

concluded that alternative approaches should be explored for the 2021 Census. 

 

This paper reviews the adjustment methodology adopted in the 2011 Census, and outlines some 

early ideas for change. This will include some of the basic principles underpinning the methodology. 

The paper then describes some approaches being explored for the adjustment problem. Some early 

results are presented to assess the outputs from the implementation of alternative methods compared 

to the outputs of the 2011 methodology. 

 

The committee will be asked to comment on the ideas presented and provide advice on the direction 
for development of the coverage adjustment methodology. 
 
Key words 

Census, coverage, estimation, non-response, adjustment, combinatorial optimisation. 
 

Aim of paper 
 
The evaluation of the 2011 Census coverage adjustment methodology concluded that in addition to 
improvements to account for the difficulties experienced with the method, alternative approaches 
should be explored for the 2021 Census. This paper presents initial work exploring of an alternative 
method – Combinatorial Optimisation and compares its results with the results from the 2011 
methodology. It focuses on how well the final adjusted Census database reflects the estimated 
benchmark variables, produced from a separate estimation process. The paper is presented for the 
opinion of the committee. 
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Main issues for discussion 

 

Question 1: Should we pursue research into the use of Combinatorial Optimisation for un-

benchmarked variables? 

 

Question 2: Does the committee agree that a Combinatorial Optimisation approach is worth 

pursuing? 

 

Question 3: Does the committee have any comments on the suggested alternative approaches for 

adjusting the census database?  

 

Question 4: Can the committee suggest any other alternative approaches? 

 

Question 5: Does the committee have any further suggestions for improving the Coverage 

adjustment methodology?
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2021 Census Coverage Adjustment Methodology 
 

1. Introduction 

Every effort is made to ensure everyone is counted in a census. However, no census is perfect and 

some people are missed. This under-enumeration does not usually occur uniformly across all 

geographical areas or across other sub-groups of the population such as age and sex groups. The 

measurement of small populations, one of the key reasons for carrying out a census, is becoming 

increasingly difficult. In terms of resource allocation this is a big issue since the population that are 

missed can be those which attract higher levels of funding. Therefore, without any adjustment, the 

allocations based upon the census would result in monies being wrongly allocated. It is therefore 

traditional that census undercount is measured and the outcome disseminated to users. For the 2021 

Census, the coverage assessment and adjustment strategy was outlined to the GSSMAC in 2015 

(Ross and Abbott, 2015). 

 

There are 2 stages in the coverage assessment and adjustment process. In the first stage, census 

based population estimates for a number of basic household and individual demographic 

characteristics are estimated using dual-system estimation. The dual-system estimates use the 

outcome of matching the Census to the CCS. Estimates are produced for around one hundred 

Estimation Areas (which consist of one or more local authorities). In the second stage, households 

and individuals estimated to have been missed from the census are imputed on to the census 

database across the whole estimation area so that the individual/household level data base is 

consistent with the population estimates already produced at stage one.  

 

This paper reviews the adjustment problem in the second stage. In the following sections it is 
assumed that the census population estimates are available for a variety of basic demographic 
characteristics for both households and individuals in the estimation areas.  Section 2 summarises the 
methodology used for 2011 Census coverage adjustment and the challenges experienced with the 
household calibration and imputation. Section 3 presents Combinatorial Optimisation (CO) – a 
potential alternative method for coverage adjustment. Then, its performance is investigated and 
compared to the 2011 method using a number of measures. Section 4 briefly notes future plans for 
the coverage adjustment work while section 5 offers concluding remarks. 
 

2. Background 
 

2.1 The 2011 Census Coverage Adjustment 

The aim of the coverage adjustment methodology is to adjust both the individual and household level 

databases for net undercount so that it is consistent with the population estimates already produced 

at stage 1.  

In the 2001 and 2011 Censuses a three stage modelling, weighting and imputation approach for 

persons and households was used to impute persons and households estimated to have been missed 

by the Census. The coverage adjustment (or imputation) methodology was detailed by Brown et al. 

(2011) and Steel et al. (2002).  

 

The approach used in the 2011 Census is summarised below: 

 

Stage 1: Imputation of missed individuals into counted households: 

 

1. The matched Census-Census Coverage Survey (CCS) data are used to model individuals 

missed in both counted and missed households (using multinomial logistic regression).  

Coverage weights are calculated from the model and these are then calibrated to the census 

population estimates for individual variables, in particular, age-sex totals for local authorities.  
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2. The coverage weights for individuals missed within counted households are derived from the 

appropriate component of the model and used to control the imputation of persons into 

counted households.  This gives a database of completed households. The household 

variables such as size and structure are updated.  

 

Stage 2: Imputation of wholly missed households: 

 

1. The wholly missing households are modelled using the household level Census-CCS 

matched data.  Coverage weights are derived from the predicted probabilities from the model 

using the updated census data.  The coverage weights are then calibrated to the census 

population estimates for household (especially tenure) and individual variables. The 

calibration of the household weights includes calibration to the number of individuals in each 

age-sex group, ethnicity group and activity group within the household to gain better control 

over the characteristics of individuals within wholly imputed households.   

2. The coverage weights are used to identify where households of certain characteristics need 

to be imputed.  Now the counted households are all complete so it is known exactly how 

many of each household size is still needed to meet the household size estimates..   

3. Donor households with the required characteristics are found and imputed using the census 

household non-response indicators (which are completed by census field collectors) as 

potential locations for the imputed households. 

 

Stage 3: Skeleton records: 

 

1. Imputed records for persons and households only include a few key variables, and these are 

fed into an item imputation system CANCEIS for the remaining variables to be imputed. 

 

The final dataset has the appearance of a Census file which yields tabulations that are adjusted for 

undercount.  

 

The whole approach was built on the 2001 ‘One Number Census’ (ONC) approach, which was the 
first time the adjustment was attempted. It was developed initially as a weighting solution (hence the 
modelling and production of weights), with the option of imputing records if it could be made to work. 

   

2.2 Household calibration and imputation problem 

 
In general, the basic 2011 imputation methodology worked well to provide a database that was fully 

adjusted to take account of the measured coverage, adding wholly missed households and persons 

within existing households.  However, the implementation of the methodology was challenging. The 

main issue with the 2011 adjustment method was that it attempted to calibrate the household weights 

to both household estimates (tenure and household size) and person estimates (age-sex group, 

activity last week and ethnicity).  

 

The system was required to impute the exact number of households to bring the number of 

households to that specified by the tenure estimates, and to impute enough persons to be within a 

specified amount of the age-sex group by local authority estimates. It was also desirable that it came 

within a reasonable amount of the estimates for other attributes, in particular ethnic group.  
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The calibration used a raking ratio method where the weights are adjusted for each variable in turn, in 

the following order: 

 

 household size distribution,  

 person level activity last week,  

 hard to count index,  

 ethnicity,  

 age-sex group by Local Authority (LA),  

 household tenure.   

 

The process is completed for all calibration variables in the order given, and then repeated until a 

stopping criterion is reached. The calibration would stop when either the adjustment to be made to the 

weights for all of the tenure groups in order to match the tenure estimates was within 1 ± 0.00015, or 

the number of iterations had reached a maximum permitted number, which was generally set to 400.   

As tenure is the last variable to be calibrated the imputation will always put in the exact number of 

households required by design.  With age-sex group by LA calibration coming second to last the age-

sex group by LA weight totals should not be too upset by the tenure calibration. 

 

Early runs of the system were failing to impute the required number of persons to meet the age-sex by 

local authority targets and this was because the household weights were not calibrating correctly.  

The adjustment factors for the weights were failing to approach the 1 ± 0.00015.  To overcome this 

problem a two stage process was adapted for the household calibration.   

 

At the first stage the calibration was run as normal for a specified number of runs (100).  If calibration 

was achieved during this number of runs then the process stopped as normal.  If, however, calibration 

was not achieved at this first stage then all calibrating variables were dropped except for age-sex 

group by LA and household tenure. The calibration process continued on just these two variables for 

a maximum of a further 100 loops and generally calibrated without further problems, producing 

imputed data that was very close to the Local Authority age-sex group estimates. For a few estimation 

areas there was still a problem in that convergence was not achieved within a total of 200 iterations. 

For these areas most of the calibration was done to meet age-sex and tenure counts only.   

 

The evaluation of the methodology has also suggested that the two stage approach may have caused 

some of the issues with the complexity of the system. Time pressures did not permit to explore these 

issues fully and as a result, the conclusion was that in addition to improvements to account for these 

difficulties alternative approaches should be explored for the 2021 Census.  

 

A second issue with the method was that the system produced large weights which led to some 
households being used as donors a large number of times. This becomes an issue if those 
households have relatively rare characteristics, as they can then be a noticeable ‘spike’ in the output 
tables. 
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3. Household adjustment and imputation – alternative methods  

 
There are a number of approaches which can potentially be used for the imputation of the persons 

and households estimated to have been missed by the Census. This section outlines two alternative 

methodologies in the context of the adjustment problem. 

 

These methods consider the adjustment primarily as a constrained imputation (one-step imputation) 

problem rather than as a two-step modelling and imputation problem described in section 2: ie 1) 

modelling probabilities of being included (or missed) in the Census then 2) imputation.  One-step 

imputation methodology (i.e. imputing wholly missed households, including all individuals estimated to 

have been missed from the Census) is also one of the key principles that may need to change in 

order to develop an improved coverage adjustment methodology.  

 

3.1 Combinatorial Optimisation (CO) 

 
Integer programming techniques from the operational research field can potentially be used for the 

imputation of persons and households estimated to have been missed by the Census.  An integer 

programming problem is a mathematical optimisation or feasibility program in which some or all of the 

variables are restricted to be integers (see Rader JR (2010) for integer programming models and 

methods).  

 
Combinatorial Optimisation (CO) is an integer programming method which involves finding the best 

(an optimal) combination (solution) from a finite set of combinations (solutions) for a problem. To carry 

out the task an effective algorithm is required to explore the solution space and find an optimal or 

near-optimal solution.  

 

In the context of the adjustment problem, CO involves the selection of a combination of households 

from the existing Census database that best fit the estimated benchmarks (Williamson,2013). In this 

context the benchmarks (or constraints) are totals of the individual and household variables in the 

geographical areas (estimation areas and/or local authorities) from the coverage estimation process. 

The constraints can also be considered as the imputation totals (differences between the observed 

and the estimated counts).  

 

The CO approach is essentially an integer re-weighting exercise where most of the households in the 

solution space (Census database) are assigned zero weights and positive integer weights are 

assigned to a combination of households which satisfies the required constraints (imputation totals) 

for both households and individuals. Therefore, this approach can be considered as an alternative 

method for imputing households (and individuals within households) estimated to have been missed 

by the Census.  

 

A typical CO procedure (algorithm) is provided in Appendix A. 

 

In the following sections the performance of the CO approach to imputing households will be 
evaluated and compared to the 2011 method. Each will be evaluated in terms of how well they hit the 
estimated benchmarks or how well the observed values reflect the expected values. However, there is 
no satisfactory statistic, parametric or non-parametric, which allows statistically significant differences 
between observed and estimated counts to be formally identified. Voas and Williamson (2001) 
present an overview of these tests and their limitations. There is, however, a wide range of existing 
measures that may be used to provide a crude means of testing which cells within the two tabulations 
are significantly different. These are outlined below. 
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3.1.1 Evaluation of methods – goodness-of-fit 
 

The most straightforward measure of a tabular fit is the total absolute error (TAE) which is 

calculated simply as the sum of the absolute differences between estimated and observed counts.  

 
TAE = ∑ |Oij-Eij| 

                 ij 

 

where: 

 

Oij is the observed count for row i in column j (observed or estimated cell value in a table) 

Eij is the expected count for row i and column j (expected or constraint cell value) 

 
As the estimated and observed counts converge, the TAE will tend towards zero.  An optimal solution 

will have a TAE of zero, however, a higher figure may be acceptable if estimation errors are taken into 

account. It will also depend on the principle of how flexible we want to be with hitting the benchmarks 

(e.g. 0.1% of accuracy – this is one of the principles on which a decision needs to be made) 

 

TAE is easy both to calculate and to understand, however, one of its disadvantages is that the 

magnitude of TAE depends on the total error in any given table. It will also give equal priority to two 

identical absolute differences regardless of how these differences are associated with the expected 

counts in a table such as one with an expected count 10 times larger than the other. This means that 

one can compare rival models against the same table, but not the performance across different 

tables.  

 

The standardised absolute error (SAE) can provide a quick and easy comparison across different 

tables.  SAE is simply TAE divided by the total expected count for the table.   (Note that SAE is not 

the same as ‘mean absolute error’ which is TAE divided by the number of cells in a table).  

 

Another common test for the tabular fit of categorical data is Pearson’s Chi-Squared (χ
2
) test which 

also accounts for the cellular distributions of expected and observed counts in a table. For a 

categorical variable with n classes the χ
2 
statistic is used to compare distributions of the expected and 

observed counts and is calculated as: 

 

 
 

The emphasis of the TAE and SAE measures is on the absolute differences between the estimated 

and observed counts, however, in some cases the focus may be on minimising proportional 

differences between expected and observed estimates. The relative fit of categorical data can be 

evaluated using the Z-scores (or a modified version of it as described by Voas and Williamson, 

2001). These tests are based on the difference between the relative size of the category in the 

expected and observed counts. Similar to the tests measuring absolute errors these tests are crude 

measures of the proportional fit (see Voas and Williamson (2001) for an overview of these tests and 

their limitations).  

 

The choice of whether to assess absolute or relative fit of data depends on the specific issues 

concerning the problem and on our relative priority for example whether we are concerned with the 

ratio of an ethnic group in an area or whether we want to know exactly how many people of that 

ethnic group live in the area. In this case the former will attach a higher priority to a proportional fit 

than to accurate totals, while the latter will require minimising error in the actual counts.  
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The adjustment problem is concerned with imputing the exact number of households and persons in 
the estimation (and local authority) areas, therefore accurate totals (minimising error in the actual 
counts, TAE or SAE) have higher priority than proportional fit. Additionally, the estimation and/or the 
local authority areas have large enough counts so that a small discrepancy between the expected and 
the observed totals will not be as important as in the case where the counts are small. 
 

3.1.2 Results from CO and 2011 adjustment system 

 
This section compares results from implementing a CO method for imputing wholly missed 

households within the 2011 adjustment system for five Estimation Areas. We will assess how well 

each method has hit the benchmarks (estimates) specified by the estimation system using the 

measures outlined above.  To allow us to concentrate just on the performance of the household 

imputation stage, CO simulations were run after the imputation of missed individuals into counted 

households so that they can be compared with the results from the 2011 adjustment system.  For the 

CO method, there is a degree of randomness in the household selection such that results are not 

expected to be the same on each run, therefore in the following analysis the CO was run 100 times 

(with different random number seeds) and the results are summarised over the 100 runs. Whilst the 

original 2011 methodology does have a random element in its selection of donor households, we did 

not have time to re-run the 2011 methodology and so for this we will use the single actual result. 

 

It is also important to evaluate the weights produced by each system as the weights impact on the 

number or times a household is used as a donor for imputation. As noted previously this was a 

problem for the 2011 system.  

 

The selected Estimation Areas contain a range of urban and rural areas and demographic mix and 

some of them faced problems with calibration mentioned in Section 2.2 and/or had large household 

weights.  

 

There are 3 individual and 3 household level benchmarked (estimated) variables for each estimation 

area. The individual level variables are age-sex group by Local Authority (LA) in the estimation area, 

ethnicity and activity last week and the household level variables are household size, hard-to-count 

index, and housing tenure. To be able to fairly compare results from different methods, the CO 

simulations included the final collapsed (if applicable) categories of these variables from the 2011 

adjustment. Note that in the following analysis, the benchmarks are specified as the shortfall in the 

census counts, i.e. the difference between the estimated and census counted values and it assumes 

the population estimates are without error.  

 

Table 1 shows the overall performance of each method in terms of the person total for the five 
estimation areas. Both methods achieved the exact number of households by design. 
 
Table 1 - Overall Performance – the 2011 System and the CO Method 

Areas in  

Average 

shortfall               

100 CO runs (all 

individuals) 

Shortfall 

2011 

system (all 

individuals)  

Benchmark 

target: 

Individuals 

Benchmark 

target: 

Households 

East Midlands 0.74 8 16,477 9,441 

Inner London 0.00 48 14,815 6,608 

Outer London 0.05 -5 15,652 6,994 

South West 0.04 75 18,309 9,607 

Yorkshire and the  

Humber 0.13 

-36 

18,497 12,858 
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Tables 2 - 6 present TAE and SAE summary statistics for 5 of the benchmarked variables across the 

5 estimation areas tested. Household tenure is not included in the tables as in the 2011 system tenure 

is the last variable to be calibrated and the imputation will always put in the exact number of 

households required by design. In contrast, the CO method satisfies all the constraints 

simultaneously. On average, the CO method hit the tenure constraints in all the areas perfectly.  

 
Table 2 – Performance Measures (TAE and SAE) – the 2011 system and the CO Method 

    East Midlands Area 

  TAE SAE 

Variable 

CO: 

Average 

of 100 

runs 

2011 

system 

CO: 

Average 

of 100 

runs 

2011 

system 

Age-Sex Group by LA 67 652 0.004 0.040 

Ethnicity 1 5,132 0.000 0.311 

Activity Last Week 1 1,130 0.000 0.069 

Household Size 277 1,106 0.029 0.117 

Hard to Count Index 0 396 0.000 0.042 

 

 

Table 3 – Performance Measures (TAE and SAE) – the 2011 system and the CO Method 

    Inner London Area 

  TAE SAE 

Variable 

CO: 

Average 

of 100 

runs 

2011 

system 

CO: 

Average 

of 100 

runs 

2011 

system 

Age-Sex Group by LA 35 144 0.002 0.010 

Ethnicity 0 722 0.000 0.049 

Activity Last Week 0 112 0.000 0.008 

Household Size 423 322 0.064 0.049 

Hard to Count Index 0 0 0.000 0.000 

 

 

Table 4 – Performance Measures (TAE and SAE) – the 2011 system and the CO Method 

    Outer London Area 

  TAE SAE 

Variable 

CO: 

Average 

of 100 

runs 

2011 

system 

CO: 

Average 

of 100 

runs 

2011 

system 

Age-Sex Group by LA 38 103 0.002 0.007 

Ethnicity 0 427 0.000 0.027 

Activity Last Week 0 1,169 0.000 0.075 

Household Size 15 522 0.002 0.075 

Hard to Count Index 0 0 0.000 0.000 
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Table 5 – Performance Measures (TAE and SAE) – the 2011 system and the CO Method 

   South West Area 

  TAE SAE 

Variable 

CO: 

Average 

of 100 

runs 

2011 

system 

CO: 

Average 

of 100 

runs 

2011 

system 

Age-Sex Group by LA 82 705 0.004 0.039 

Ethnicity 0 141 0.000 0.008 

Activity Last Week 0 1,599 0.000 0.087 

Household Size 0 2,148 0.000 0.224 

Hard to Count Index 0 378 0.000 0.039 

 

 

Table 6 – Performance Measures (TAE and SAE) – the 2011 system and the CO Method 

   Yorkshire and the Humber Area 

  TAE SAE 

Variable 

CO: 

Average 

of 100 

runs 

2011 

system 

CO: 

Average 

of 100 

runs 

2011 

system 

Age-Sex Group by LA 25 310 0.001 0.017 

Ethnicity 0 112 0.000 0.006 

Activity Last Week 0 860 0.000 0.046 

Household Size 0 475 0.000 0.037 

Hard to Count Index 0 5 0.000 0.000 

 

 

Tables 2 - 6 show that CO method performed better than the 2011 adjustment method in terms of 
minimising absolute differences between the observed and estimated counts. In general, there was a 
high level of fit between the expected (estimates) and observed counts for all of the six benchmarked 
variables. Overall, the CO method estimated the absolute counts of the most variables perfectly (on 
average) in all of the areas. The only exception to this was that the household size and age-sex group 
by LA variables. The distribution of the TAEs over 100 runs for the age-sex group by LA in all the 
areas and the household size in 3 areas are shown in figures 1 and 2. 
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Figure 1: Distribution of the TAEs of the Age-Sex by LA variable – 100 CO Runs – 5 Estimation 

Areas 
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Figure 2: Distribution of the TAEs of the Household Size variable – 100 CO Runs – 3 Estimation 

Areas 

 

 
 

CO estimated the absolute numbers of the household size better or exactly in four out of the five 

estimation areas than the previous method. However, neither method estimated absolute numbers 

well in two areas. Household size is one of the collapsed variables (e.g. households with 3 and more 

people are placed in single category) and is re-calculated after imputing persons into counted 

households. Additional categories of the household size variable and a one-step imputation (i.e. 

adjusting for all individuals and households simultaneously) may yield different results. These issues 

have not been investigated for this analysis. 

 

In terms of the total absolute counts for the age-sex group by LA, tables 2- 6 and figure 1 suggest that 

both methods did not hit the total absolute numbers perfectly, however, the CO method produced 

smaller  total absolute differences between estimated and observed counts than the 2011 method. 

Age-sex group by LA contains 35 groups per local authority. These can be very small groups, and 

thus it is not surprising that all of these benchmarks are not fully met. A detailed presentation of 100 

CO runs for the age-sex group by LA and household size can be found in Appendix B.  

 

Smaller TAE and SAE statistics of the CO method imply that the observed counts of the cellular (or 

marginal) distributions of these variables are generally not significantly different from their expected 

counts.  
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To examine the extent to which observed cellular (or marginal) distributions are similar to their 

expected counts Pearson chi-squared tests are used. Tables 7 to 11 show mean and the range of chi-

squared statistics across 100 CO runs and from the 2011 adjustment method for the benchmarked 

variables for five Estimation Areas. The smaller the chi-square statistic the closer the observed 

distribution is to the expected distribution. A zero chi-squared statistic means that the observed 

distribution is identical to the expected distribution.   

 

 

Table 7 - χ
2
 goodness-of-fit tests for distributions of the benchmarked variables: results from 

100 CO runs and from the 2011 system 

     East Midlands Area 

     

Variable Results for CO - 100 runs 

Results for 2011 

system 

Degrees of 

freedom 

  Mean χ
2
 Range of χ

2
 χ

2
   

  (p-value)   (p-value)   

Age-Sex Group by LA 2.21 (1.00) 0.96-5.77 53.32 (1.00) 227 
1
 

Ethnicity 0.00 (1.00) 0.00-0.01 2232.73 (0.00) 2 

Activity Last Week 0.00 (0.98) 0.00-0.01 308.03 (0.00) 1 

Household Size 12.09 (0.00) 5.86-22.78 173.62 (0.00) 2 

Hard to Count Index 0.00 (1.00) 0.00-0.00 18.24 (0.00) 1 

1
 17 cells are less than 5. 

     

 

Table 8 - χ
2
 goodness-of-fit tests for distributions of the benchmarked variables: results from 

100 CO runs and from the 2011 system 

    Inner London Area 

Variable Results for CO - 100 runs 

Results for 2011 

system 

Degrees of 

freedom 

  Mean χ
2
 Range of χ

2
 χ

2
   

  (p-value)   (p-value)   

Age-Sex Group by LA 0.16 (1.00) 0.03-0.47 3.29 (1.00) 33 
1
 

Ethnicity 0.00 (1.00) 0.00-0.00 37.61 (0.00) 7 

Activity Last Week 0.00 (1.00) 0.00-0.00 5.73 (0.02) 1 

Household Size 32.72 (0.00) 18.79-48.24 18.39 (0.00) 2 

Hard to Count Index 0.00 (1.00) 0.00-0.00 0.00 (1.00) 1 

1
 1 cell is less than 5. 
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Table 9 - χ
2
 goodness-of-fit tests for distributions of the benchmarked variables: results from 

100 CO runs and from the 2011 system 

    Outer London Area 

Variable Results for CO - 100 runs 

Results for 2011 

system 

Degrees of 

freedom 

  Mean χ
2
 Range of χ

2
 χ

2
   

  (p-value)   (p-value)   

Age-Sex Group by LA 5.99 (1.00) 0.06-20.08 1.58 (1.00) 34 

Ethnicity 0.00 (1.00) 0.00-0.02 20.10 (0.02) 9 

Activity Last Week 0.00 (1.00) 0.00-0.00 330.41 (0.00) 1 

Household Size 0.17 (0.68) 0.00-2.77 42.06 (0.00) 1 

Hard to Count Index 0.00 (1.00) 0.00-0.00 0.00 (1.00) 0 

 

 

Table 10 - χ
2
 goodness-of-fit tests for distributions of the benchmarked variables: results from 

100 CO runs and from the 2011 system 

    South West Area 

Variable Results for CO - 100 runs 

Results for 2011 

system 

Degrees of 

freedom 

  Mean χ
2
 Range of χ

2
 χ

2
   

  (p-value)   (p-value)   

Age-Sex Group by LA 2.66 (1.00) 1.40-6.59 58.03 (1.00) 231 
1
 

Ethnicity 0.00 (0.98) 0.00-0.01 6.23 (0.01) 1 

Activity Last Week 0.00 (0.99) 0.00-0.00 601.27 (0.00) 1 

Household Size 0.00 (1.00) 0.00-0.00 483.35 (0.00) 1 

Hard to Count Index 0.00 (1.00) 0.00-0.00 17.79 (0.00) 1 

1
 13 cells are less than 5. 

     

 

Table 11 - χ
2
 goodness-of-fit tests for distributions of the benchmarked variables: results from 

100 CO runs and from the 2011 system 

    Yorkshire and the Humber 

Variable Results for CO - 100 runs 

Results for 2011 

system 

Degrees of 

freedom 

  Mean χ
2
 Range of χ

2
 χ

2
   

  (p-value)   (p-value)   

Age-Sex Group by LA 0.17 (1.00) 0.05-0.58 11.79 (1.00) 63 
1
 

Ethnicity 0.00 (1.00) 0.00-0.01 4.13 (0.39) 4 

Activity Last Week 0.00 (0.99) 0.00-0.00 141.25 (0.00) 1 

Household Size 0.00 (1.00) 0.00-0.00 25.75 (0.00) 2 

Hard to Count Index 0.00 (1.00) 0.00-0.00 0.00 (0.96) 1 

1
 6 cells are less than 5. 

     

The average χ
2 

statistics show that, overall the CO method performed better than the 2011 

adjustment method in terms of hitting cellular level estimates of the benchmarked variables.  For the 

CO method most of the observed distributions were either identical or very close to the expected 

distributions. The only significant differences were observed for the household size benchmarks in 

some of the areas. However, the range indicates that some of the CO runs produced a better 
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distributional fit than indicated by the average χ
2
. As mentioned above, household size is a collapsed 

variable and re-calculated after imputing persons into counted households.  Additional categories of 

the household size variable and a one-step imputation (ie adjusting for all individuals and households 

simultaneously) may yield different results. These issues have not been investigated for this analysis.  

 

Note that χ
2
 test overestimates the statistical significance for small data therefore it is not suitable to 

use when expected cell count is generally less than 5 or zero. 

 

 

3.1.3 Large weights – comparison of CO and 2011 methods 

 

An additional problem of the 2011 method was that of large calibrated household weights which led to 

some of the households being used as donors a large number of times. This section explores the 

weights derived from the two methods in the estimation areas tested in this work.  

 

Tables 12 and 13 show the size distribution of the weights from across 100 CO runs and the 2011 

system. The weights specify the number of times a specific household is selected as a donor. Note 

that the CO method only uses integer weights therefore most of the households are given a zero 

weight. In contrast the calibration shares out the weights in small fractions across a large number of 

households. The donor households are then selected by a controlled rounding method as detailed by 

Steele et al. (2002).  

 
Table 12 – Weights generated from the CO method 

 

Household Weight Category - CO (average of 100 runs) 

 Areas in  1 2-5 6-10 11-15 16-25 26-50 50+ max 

East Midlands      3,038    2,486  35 0 0 0 0 13 

Inner London     1,979    1,738  33 0 0 0 0 13 

Outer London     1,960    1,817  51 1 0 0 0 19 

South West     3,171    2,519  31 1 0 0 0 17 

Yorkshire and the 

Humber     4,085    3,352  52 1 0 0 0 17 

 
 

Table 13 – Weights generated from the 2011 method 

 

Household Weight Category - 2011 Method 

  Areas in  1 2-5 6-10 11-15 16-25 26-50 50+ max 

East Midlands      9,029  158 3 0 0 0 0 6 

Inner London     4,572  408 36 9 6 7 3 81 

Outer London     3,653  307 60 15 14 14 11 291 

South West     9,461  69 0 0 0 0 0 6 

Yorkshire and the 

Humber   11,327  660 5 0 1 0 0 20 

 

 
As shown in tables 12 and 13 the weights derived from each method are different. The largest weight 

derived by the CO method in 5 areas was 19 whereas in 2011 a unique household was used 291 

times as a donor. The table also shows that CO method selected more households between 2-5 times 

as a donor compared to the 2011 system.  However, the number of weights can be capped in the CO 

method by amending the algorithm although this is not explored here. Overall, the CO method does 
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appear to provide less variability in the weights, which is a good feature. Since high weights tend to 

be associated with rare households (e.g. student households) for both methods enlarging the donor 

pool may also be a solution. In 2011 we were only able to widen the donor pool by collapsing 

categories or ignoring variables altogether. In 2021 we may be able to process in much larger 

Estimation Areas due to the move to an online census.  

 

3.1.4 Un-benchmarked estimates - CO and 2011 methods  

 
In 2011 the donor households were selected based on the calibration of the univariate distributions of 

a few key variables and copied as skeleton records into an item imputation system CANCEIS for the 

remaining variables to be imputed. The adjustment did not take joint distribution of these key 

variables. Ignoring the information on the joint distribution of the variables can be a source of bias and 

cause errors in estimating population characteristics particularly in small areas. 

  

In the 2011 adjustment system calibration weights were based on modelling non-response using the 

key (benchmarked) variables, therefore it was implicit that the donor households are not selected at 

random and the final census database reflects the ‘true’ joint distributions of these variables.  

 
In the absence of robust estimates of these joint distributions we cannot assess which method 

produces better estimates of the interactions between variables. However, we can compare some 

joint distributions of the key (benchmarked) variables from the two methods to assess whether the 

outcomes are similar. This will provide some evidence that CO does capture joint distributions at least 

as well as the modelling/calibration approach.  

 
The interaction between age-sex group and ethnicity at the local authority level was produced for both 

methods
4
 (detailed results are available on request). Overall both methods produced very similar 

distributions. There were only slight discrepancies between the results of the two methods for some 

categories in some areas. These results looks encouraging for the CO method, however, further work 

would be needed to establish the statistical validity of these outcomes.   

 
Because of its computational efficiency (see section 3.1.5), CO can also be used to produce 

estimates for un-benchmarked variables. We can expect to get reasonable estimates for un-

benchmarked variables that are correlated with the benchmarked variables. See Tanton et.al (2014) 

for the use of CO for predicting un-benchmarked variables. 

 
Estimation of un-benchmarked variables is beyond the scope of this work. If it is agreed a CO 

approach is worth pursuing, further research will be carried out in this area. 

 

QUESTION 1: Should we pursue research into the use of Combinatorial Optimisation for un-

benchmarked variables? 

 

                                                           
4
Analysis of the interactions between the variables are also based on the benchmark shortfall, therefore, when 

the final adjusted counts are added to the Census database these differences will not be significant.   
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3.1.5 Implementation 

 
Both  CO and the 2011 adjustment system are computationally intensive, however, the 2011 

adjustment system takes a much longer time to run compared to CO. In an estimation area with an 

average of half a million individuals and 250,000 households it takes less than one minute to minimise 

the TAE in each run. 2011 system took at least an hour for the household imputation in an area. We 

cannot say whether this is due to the programming language being used for each method (CO uses a 

compiled FORTRAN code whereas the 2011 method is a collection of macros running in SAS) or 

whether it reflects the relative efficiencies of the underlying programming (algorithms) such as the 

2011 system modelling probabilities of households being included (or missed) in the Census before 

the imputation. Nevertheless, one of the issues with the coverage adjustment process in 2011 was 

the long running times and therefore an alternative solution which also reduces the processing time is 

attractive. 

 

QUESTION 2: This analysis suggests that a Combinatorial Optimisation approach is worth pursuing. 

Does the committee agree? 

 

3.2. Raking and other weighting methods 

 
Raking is another procedure which re-weights observations in an existing micro dataset to a set of 

required benchmarks. In the context of Census adjustment, raking re-weights the counted households 

to a number of benchmarks (estimates) so that the final Census dataset satisfies all the individual and 

household estimates. The process creates fractional weights which need to be integerised for the 

imputation. So far we have managed to apply raking to the observed Census counts in one estimation 

areas and have created household weights which converged to satisfy both individual and household 

benchmarks. However, integerising weights is not a trivial issue and is similar to the problems we 

have had previously in the 2011 methodology. We are currently working on whether there is a feasible 

solution for this integerising problem.  

 

Similar to CO, raking can be applied after the imputation of individuals into households or as a one 

step process (i.e. making up benchmarked shortfalls for both households and individuals by using 

household imputation only). 

 

Post-stratification or cell-weighting, and generalised regression (GREG) are other potential methods 

that could be used for coverage adjustment. However, these methods are also types of calibration 

and have the associated convergence and integerisation problems.  

 

QUESTION 3: Does the committee have any comments on the suggested alternative approaches for 

adjusting the census database? 

 

 

QUESTION 4: Can the committee suggest any other alternative approaches? 
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4. Future plans 

 

This paper has presented an initial assessment of Combinatorial Optimisation (CO) as an alternative 

method for Census coverage adjustment. Initial findings which tested the CO method in 5 estimation 

areas with the variables used in the 2011 adjustment method are encouraging and show that it may 

be feasible to adjust the census database with the required quality targets. However, there is still 

scope for further research.  Future research could include: 

 

 Testing CO in additional estimation areas and local authorities, and further exploration of the 
household size problems highlighted, 

 including additional constraints for CO simulations (if estimates are available) to assess 
whether this improves the imputation for smaller domains (especially smaller geographical 
areas), 

 further evaluation of the performance of CO for un-benchmarked variables (such as long-term 
illness), 

 development and evaluation of CO within a single stage imputation solution (combining both 
individual and whole household imputation), 

 evaluation of the impact of processing larger Estimation Areas (which will increase the donor 
pool sizes) for both CO and the 2011 methodology, 

 exploring the theoretical properties of CO compared to statistical modelling approaches like 
SPREE, 

 considering variance estimation as this will be important for 2021 

 explore the application of raking and other survey weighting methods for the coverage 
adjustment problem. 

 

5. Conclusions  

 

Overall, the evaluation of the two methods at the Estimation Area level suggests that the CO 

approach produces somewhat better overall and distributional fit than the 2011 method for most of the 

benchmarked variables. The CO estimates almost exactly converged for most of the benchmarked 

variables both at the individual and household levels. However, it performed less well for the 

household size variable in one of the estimation areas. This may reflect the small donor pool or the 

particular characteristics of this area.  

 

These results are based on modelling the shortfall (i.e. difference between estimated and counted 

numbers) in the variables, therefore, when they are added to the large counts in the Estimation Areas, 

discrepancies between the expected and observed totals, particularly in percentage terms, will not be 

as important as in the case where the counts are small.  

 

Based on the goodness-of-fit of the univariate distributions for the benchmarked variables CO may 

have a slight advantage over the 2011 adjustment method. It also has a performance advantage in 

terms of its simplicity and computational efficiency over the 2011 method.  

 

In terms of the un-benchmarked joint distributions of the benchmarked variables, CO also performed 

well and produced very similar distributions to the 2011 adjustment system.  

 

While this is not a complete evaluation of the CO method, the initial results are encouraging and 

demonstrate the feasibility of this methodology for use in adjusting the census database. It is also 

computationally efficient and may be simpler to explain to users. However, a major limitation of this 

method could be that it cannot make adjustments for persons who are missed in responding 

households in a single step. Whether the adjustment system should account for the two sources of 

undercount for individuals is one of the principles which need to be discussed and agreed on 

internally. In this paper the CO method was applied to the household imputation stage after imputing 

individuals into counted households. One option could be to use CO to impute all missed individuals 
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regardless of the way they are missed. This requires further investigation. A more detailed analysis of 

the joint distributions of the benchmarked variables is also required before any decisions are made  

about which method should be adopted for adjusting the Census database. These analyses may also 

need to consider joint distributions at the LA level. 

 

Finally, CO can handle a larger number constraints than currently tested. These may include 

additional variables, interactions between variables or lower level geographies. As Williamson (2013) 

notes that in general, the more constraints the better, and the more constraints that involve 

interactions between variables the better. For example, Williamson (2002) reports the use of 817 

constraints, drawn from 14 census cross-tabulations involving a total of 17 census variables. Further 

research is required to explore the benefits of adding constraints, and whether this methodology can 

therefore provide a much higher quality census database that meets user needs. 

 

QUESTION 5: Does the committee have any further suggestions for improving the Coverage 

adjustment methodology? 
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Annex A – Combinatorial Optimisation procedure (algorithm) 
 

The goal of CO is to efficiently explore a search space in order to find an optimal or near-optimal 

solution, therefore the methods (algorithms) used are based on the notion of local search. In the 

adjustment context the algorithm seeks to minimise the difference between the observed counts and 

the target benchmarks. The optimisation strategy is to minimise absolute of proportional error. 

 

 

Figure 1: A typical search algorithm 

 

Start – randomly select a combination

Current combination

Candidate combination

Random perturbations/swaps
 in combination

Generate acceptance probability
If candidate 

is worse

Reject candidate 
combination

Replace current 
combination with 

candidate combination

If candidate
 is better

Accept or reject according to probability
e.g., for SA 

if random number<Boltzman probability

 
 

Local search algorithms begin with a complete (random or feasible) solution and search its 

neighbourhood (those solutions that are “close” to the first solution) to see if there is a solution with 

better objective values (or improvement in fit). If such a solution exists, this solution is selected and 

the process is repeated until some termination condition is met.   

 

The search strategy of the algorithm is the key for its effectiveness both in terms of computing time 

and finding the optimum solution. There are a number of ways a search can be performed. These 

range from simple search procedures to complex learning processes.  

 

The most basic search method is to evaluate systematically every possible combination of solutions 

(i.e. households) and find the optimum (best-fitting) combination. However, for data sets with a large 

number of variables and items (e.g. households) performing an exhaustive search is neither practical 

nor feasible as the number of combinations evaluated would be very large and the computing power 

is limited.  However, there are several methods which perform more efficient search approaches than 

the basic search method. Short descriptions of some of these methods are provided below. 

 

These algorithms evaluate a solution (e.g. a combination of households), then they use this to inform 

and guide the choice of a new solution (a new combination of households) for evaluation. This 

process is repeated until no further improvement to the selected combination can be made or when it 

reaches some other termination condition. 

 

Effectively, the algorithm finds a combination that not only matches the search condition but in some 

sense it is the ‘best’ combination out of a many feasible combinations. The ‘best’ is determined by our 

objective (objective function) which in the context of the adjustment problem is finding the best fit for 

our constraints. More formally, the optimal solution is a combination of households which minimises 
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the errors between observed and estimated counts of the person and household variables we are 

imputing. This process leads to relatively quick solutions (compared to exhaustive search) which are 

closer to optimal (near-optimal) solutions. However, there are two main issues with this approach. 

First, there is no guarantee that the optimal solution/s will be found, second there may be multiple 

solutions within the search space that satisfy the search condition.  

 

CO search strategies – some well known algorithms 

 

This section provides a brief overview of the four well-known search approaches in a CO algorithm.  

All the algorithms begin with a complete (random or feasible) solution or combination (e.g. a 

combination of households). The initial combination is considered for replacement and then some of 

the items in the combination (e.g. households) are replaced with a set of other households. The key 

difference between the algorithms is in their evaluation of the solution for the next iteration.  

 

Hill Climbing 

If the replacement set leads to improved performance of the objective value (or improvement in fit) 

than the previous combination, then the replacement is made and the process is repeated until no 

further improvement to the selected combination can be made or when it reaches some other 

termination condition. This is an example of a greedy algorithm which produces solutions relatively 

quick.  However, the main disadvantage of these algorithms is that they can quickly become trapped 

in suboptimal solutions. The solution may be a local optimum rather than the best possible solution 

(global optimum) out of all possible solutions.  

 

Simulated Annealing (SA) 

As with Hill Climbing, all randomly selected replacement elements that lead to improved performance 

are accepted. However, in order to find a global optimum the  the algorithm should be allowed to 

backtrack(climb back down) from suboptimal solutions. As a result, some changes to the combination 

being optimised are accepted even if they lead to a decline in performance. These changes are based 

on a probabilistic approach, for example, if the current solution does not lead to improvement in 

performance than we can still accept it with a given probability.  

 

Tabu Search 

The algorithm is similar to simulated annealing procedure however, while simulated annealing moves 

out of local optimal solutions through a probabilistic approach, Tabu Search uses deterministic means 

to do the same. The algorithm prevents the search from coming back to previously visited solutions 

which do not improve performance. The downside of this algorithm is that it is slower than the 

simulated annealing as it requires more computing power to keep the ‘tabu’ solutions in memory.  

 

Genetic Algorithm 

The previous two algorithms deal with only one solution at a time. In contrast, the class of algorithms 
known as Genetic Algorithms deals with sets of solutions, all at the same time.  They work by 
mimicking the biological process of evolution through the selection of chromosomes of parents (e.g. 
household combinations), the producing of offspring and the random mutations in their creation 
(operators which replace one household combination with another). 
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Appendix B – Differences between the observed and the expected counts 
 

Table 1: Differences between the observed and the expected counts - the age-sex group by the 

LA variable over 100 CO runs – 5 Estimation Areas 

 

East Midlands Area 

   

Age-Sex 

Group
1
 LA 

Minimum 

Difference 

Maximum 

Difference 

Average 

Difference 

01 A -1 3 0.10 

02 A -2 2 -0.04 

03 A -2 2 -0.02 

04 A -3 1 -0.10 

05 A -2 1 -0.05 

06 A -2 1 -0.06 

07 A -2 2 -0.05 

08 A -1 1 -0.09 

09 A -3 2 -0.07 

10 A -2 1 -0.07 

11 A -2 1 -0.09 

12 A -2 2 0.02 

13 A -1 3 -0.04 

14 A -3 2 -0.12 

15 A -1 1 0.02 

16 A -2 1 -0.06 

17 A -2 2 -0.07 

18 A -1 1 -0.05 

19 A -2 2 -0.02 

20 A -3 2 -0.10 

21 A -2 2 -0.01 

22 A -2 2 -0.10 

23 A -2 1 -0.11 

24 A -2 1 -0.05 

25 A -3 2 -0.01 

26 A -1 1 0.04 

27 A -2 3 -0.14 

28 A -2 2 -0.10 

29 A -2 2 -0.03 

30 A -1 1 -0.01 

31 A -2 3 0.05 

32 A -2 1 -0.08 

33 A -3 2 -0.11 

34 A -2 1 -0.06 

35 A -2 2 -0.05 
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01 B 0 8 2.21 

02 B 0 8 2.34 

03 B 0 7 0.82 

04 B 0 8 1.87 

05 B -2 2 -0.13 

06 B -4 1 -0.15 

07 B -2 2 -0.09 

08 B -2 1 -0.29 

09 B -2 2 -0.09 

10 B -4 1 -0.07 

11 B -2 1 -0.05 

12 B -2 2 -0.11 

13 B -2 1 -0.14 

14 B -2 3 -0.03 

15 B -3 1 -0.10 

16 B -2 1 -0.10 

17 B -2 1 -0.12 

18 B -2 1 -0.02 

19 B -4 1 -0.14 

20 B 0 7 1.21 

21 B 0 9 1.75 

22 B -2 2 -0.05 

23 B -3 1 0.01 

24 B -2 1 -0.04 

25 B -3 1 -0.09 

26 B -1 3 0.04 

27 B -2 1 -0.06 

28 B -1 2 0.04 

29 B -2 2 -0.02 

30 B -2 2 0.01 

31 B -2 2 -0.06 

32 B -2 2 -0.05 

33 B -2 2 -0.08 

34 B -1 2 -0.03 

35 B -2 1 -0.13 

01 C -2 2 -0.13 

02 C -2 2 -0.14 

03 C -2 2 0.00 

04 C -1 1 0.00 

05 C -3 1 -0.13 

06 C -2 1 -0.12 

07 C -1 1 -0.09 

08 C -1 3 -0.01 

09 C -3 2 -0.11 
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10 C -2 1 -0.18 

11 C -3 2 -0.06 

12 C -2 1 -0.05 

13 C -1 2 0.00 

14 C -2 1 -0.06 

15 C -2 2 -0.20 

16 C -2 2 -0.06 

17 C 0 5 0.47 

18 C -3 2 -0.13 

19 C -2 1 -0.09 

20 C -2 2 -0.05 

21 C -2 1 0.01 

22 C -2 2 -0.08 

23 C -3 1 -0.20 

24 C -2 2 -0.01 

25 C -2 1 -0.07 

26 C -2 1 -0.06 

27 C -2 2 -0.05 

28 C -3 2 -0.05 

29 C -2 3 -0.03 

30 C -2 5 0.41 

31 C -1 4 0.18 

32 C -2 1 -0.18 

33 C -2 2 -0.04 

34 C -2 1 -0.09 

35 C -2 1 -0.07 

01 D 0 4 0.46 

02 D 0 4 0.63 

03 D 0 3 0.34 

04 D 0 5 1.11 

05 D -2 1 -0.03 

06 D -5 1 -0.08 

07 D -2 1 -0.07 

08 D -2 1 -0.15 

09 D -2 2 0.02 

10 D -3 1 -0.10 

11 D -2 1 -0.06 

12 D -3 1 -0.11 

13 D -3 2 -0.07 

14 D -4 1 -0.12 

15 D -2 2 -0.09 

16 D -2 2 -0.04 

17 D 0 2 0.05 

18 D -3 2 0.00 
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19 D -1 2 -0.04 

20 D 0 5 0.41 

21 D 0 3 0.63 

22 D -1 1 -0.06 

23 D -2 1 -0.12 

24 D -2 2 -0.04 

25 D -3 1 -0.11 

26 D -2 2 -0.17 

27 D -2 2 0.06 

28 D -3 2 -0.05 

29 D -4 2 0.06 

30 D -2 1 -0.02 

31 D -2 1 -0.02 

32 D -2 2 -0.09 

33 D -3 1 -0.15 

34 D -2 1 -0.04 

35 D -2 2 0.00 

01 E -2 2 -0.11 

02 E -3 4 0.00 

03 E -2 2 -0.09 

04 E -2 1 -0.08 

05 E -2 1 -0.01 

06 E -3 1 -0.14 

07 E -2 1 -0.14 

08 E -3 2 -0.03 

09 E -2 2 -0.05 

10 E -3 2 -0.08 

11 E -2 1 -0.08 

12 E -2 1 -0.16 

13 E -2 1 -0.13 

14 E -2 2 -0.03 

15 E -2 1 -0.06 

16 E -1 2 0.02 

17 E 0 2 0.04 

18 E -3 2 -0.09 

19 E -3 3 0.03 

20 E -3 1 -0.17 

21 E -2 2 -0.11 

22 E -2 2 -0.06 

23 E -1 3 0.06 

24 E -1 2 -0.04 

25 E -1 1 0.00 

26 E -2 1 -0.08 

27 E -2 1 -0.04 
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28 E -3 2 -0.04 

29 E -2 3 -0.02 

30 E -2 1 0.02 

31 E -2 1 -0.04 

32 E -2 1 -0.11 

33 E -2 1 -0.13 

34 E -2 2 -0.02 

35 E -1 1 -0.08 

01 F -3 1 -0.12 

02 F -2 1 0.00 

03 F -2 1 -0.18 

04 F -4 2 -0.09 

05 F -1 1 -0.07 

06 F -3 3 -0.01 

07 F -3 1 -0.12 

08 F -2 2 -0.02 

09 F -2 1 -0.03 

10 F -2 1 -0.08 

11 F -1 1 -0.05 

12 F -2 2 -0.17 

13 F -1 1 -0.08 

14 F -3 1 -0.06 

15 F -2 1 -0.13 

16 F -1 1 -0.02 

17 F 0 2 0.08 

18 F -2 1 -0.13 

19 F -2 1 -0.05 

20 F -4 2 -0.10 

21 F -3 1 -0.04 

22 F -2 2 -0.04 

23 F -2 1 -0.12 

24 F -2 1 0.01 

25 F -2 2 -0.02 

26 F -2 3 -0.01 

27 F -3 3 -0.03 

28 F -2 3 -0.04 

29 F -3 2 -0.05 

30 F -2 2 -0.05 

31 F -2 1 -0.12 

32 F -2 1 -0.03 

33 F -2 2 -0.09 

34 F -3 1 -0.07 

35 F -1 3 0.01 

01 G -3 2 -0.06 

GSS MAC 31 Paper 2: Census Coverage Adjustment 



 

 56 

02 G -2 1 -0.16 

03 G -3 1 -0.12 

04 G -2 3 -0.12 

05 G -2 2 -0.13 

06 G -3 2 -0.02 

07 G -3 2 -0.14 

08 G -3 2 -0.07 

09 G -1 1 -0.05 

10 G -1 1 -0.06 

11 G -2 2 -0.10 

12 G -2 1 -0.10 

13 G -1 1 -0.04 

14 G -2 1 -0.12 

15 G -2 1 -0.06 

16 G -2 2 -0.04 

17 G 0 3 0.33 

18 G -2 1 -0.11 

19 G -3 1 -0.09 

20 G -2 1 -0.05 

21 G -2 2 -0.12 

22 G -2 1 -0.09 

23 G -2 1 0.02 

24 G -2 2 -0.04 

25 G -2 2 -0.05 

26 G -2 2 0.02 

27 G -3 2 -0.01 

28 G -1 4 0.08 

29 G -2 2 0.00 

30 G -1 2 -0.06 

31 G -2 2 -0.09 

32 G -2 1 -0.06 

33 G -2 1 -0.08 

34 G -2 2 -0.07 

35 G -2 1 -0.03 
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Inner London 

Area 

Age-

Sex 

Group
1
 LA 

Minimum 

Difference 

Maximum 

Difference 

Average 

Difference 

01 A -3 0 -0.44 

02 A -4 0 -0.59 

03 A -2 0 -0.29 

04 A -5 0 -0.44 

05 A -3 0 -0.42 

06 A -6 0 -0.63 

07 A -4 0 -0.47 

08 A -5 0 -0.71 

09 A -5 0 -0.72 

10 A -5 0 -0.46 

11 A -3 0 -0.45 

12 A -4 0 -0.49 

13 A -4 0 -0.77 

14 A -5 0 -0.61 

15 A -5 0 -0.57 

16 A -3 0 -0.40 

17 A -5 0 -0.58 

18 A -4 0 -0.37 

19 A -4 0 -0.42 

20 A -5 0 -0.40 

21 A -3 0 -0.22 

22 A -4 0 -0.42 

23 A -5 0 -0.76 

24 A -5 0 -0.66 

25 A -10 0 -0.74 

26 A -4 0 -0.52 

27 A -3 0 -0.56 

28 A -5 0 -0.50 

29 A -5 0 -0.57 

30 A 5 34 17.71 

31 A -4 0 -0.57 

32 A -3 0 -0.36 

33 A -4 0 -0.52 

34 A -5 0 -0.51 

35 A -6 0 -0.57 
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Outer London 

Area 

Age-

Sex 

Group
1
 LA 

Minimum 

Difference 

Maximum 

Difference 

Average 

Difference 

01 A -6 0 -0.61 

02 A -5 0 -0.61 

03 A -5 0 -0.43 

04 A -4 2 -0.38 

05 A -8 0 -0.92 

06 A -4 0 -0.62 

07 A -7 0 -0.77 

08 A -4 0 -0.47 

09 A -5 0 -0.65 

10 A -3 0 -0.58 

11 A -4 0 -0.65 

12 A -5 0 -0.51 

13 A -5 0 -0.50 

14 A -3 0 -0.37 

15 A -4 0 -0.44 

16 A -3 0 -0.48 

17 A -3 0 -0.51 

18 A -4 0 -0.57 

19 A -5 0 -0.46 

20 A -3 0 -0.41 

21 A -6 0 -0.97 

22 A -4 0 -0.80 

23 A -4 0 -0.55 

24 A -6 0 -0.77 

25 A -6 0 -0.60 

26 A -4 0 -0.50 

27 A -2 0 -0.41 

28 A 2 37 18.86 

29 A -3 0 -0.46 

30 A -5 0 -0.54 

31 A -4 0 -0.37 

32 A -6 0 -0.63 

33 A -5 0 -0.44 

34 A -2 0 -0.38 

35 A -2 0 -0.45 
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South West Area 

Age-

Sex 

Group
1
 LA 

Minimum 

Difference 

Maximum 

Difference 

Average 

Difference 

01 A -13 1 -1.19 

02 A -4 1 -0.45 

03 A -3 1 -0.20 

04 A -4 3 -0.19 

05 A -2 1 -0.17 

06 A -2 2 -0.10 

07 A -4 1 -0.13 

08 A -3 2 -0.02 

09 A -2 2 0.05 

10 A -3 3 -0.09 

11 A -2 3 -0.01 

12 A -2 2 0.03 

13 A -2 2 0.00 

14 A -2 2 -0.05 

15 A -3 2 -0.01 

16 A 0 6 2.39 

17 A -2 2 -0.04 

18 A -2 2 -0.06 

19 A -6 1 -0.69 

20 A -2 1 -0.19 

21 A -4 1 -0.20 

22 A -2 3 -0.02 

23 A -2 2 0.15 

24 A -1 5 0.61 

25 A -1 3 0.18 

26 A -1 2 0.16 

27 A -2 3 0.04 

28 A -1 2 0.00 

29 A -1 4 0.40 

30 A -2 2 0.04 

31 A -1 2 0.03 

32 A -3 1 -0.16 

33 A -2 1 -0.03 

34 A -2 2 0.01 

35 A -2 4 0.11 

01 B -3 2 -0.16 

02 B -4 4 -0.33 

03 B -3 1 -0.22 

04 B -2 2 -0.06 

05 B -1 2 -0.01 
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06 B -3 2 -0.07 

07 B -1 2 -0.14 

08 B -1 2 0.02 

09 B -1 2 -0.03 

10 B -2 2 -0.10 

11 B -3 1 -0.15 

12 B -2 1 -0.14 

13 B -1 2 0.02 

14 B -1 1 -0.02 

15 B -2 2 -0.01 

16 B 0 5 1.03 

17 B -1 2 0.02 

18 B -2 1 0.01 

19 B -18 1 -0.80 

20 B -3 1 -0.24 

21 B -2 1 -0.11 

22 B -2 1 -0.07 

23 B -1 2 0.05 

24 B -3 2 0.09 

25 B -1 1 0.00 

26 B -1 2 0.10 

27 B -3 3 0.03 

28 B -2 3 0.01 

29 B -1 3 0.19 

30 B -2 3 0.03 

31 B -2 3 -0.05 

32 B -4 2 -0.14 

33 B -2 1 0.00 

34 B -2 2 -0.02 

35 B -2 2 0.01 

01 C -16 1 -1.48 

02 C -4 1 -0.47 

03 C -3 2 -0.21 

04 C -3 1 -0.12 

05 C -3 2 -0.16 

06 C -2 1 -0.04 

07 C -3 2 0.01 

08 C -1 2 0.07 

09 C -2 3 0.00 

10 C -2 2 0.05 

11 C -2 2 -0.05 

12 C -4 2 -0.01 

13 C -1 2 -0.01 

14 C -2 2 -0.01 
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15 C -2 2 -0.02 

16 C 0 6 1.57 

17 C -2 2 0.05 

18 C -2 2 0.06 

19 C -5 1 -0.36 

20 C -2 2 -0.12 

21 C -5 1 -0.17 

22 C -2 1 0.03 

23 C -2 4 0.10 

24 C -1 10 0.68 

25 C -1 4 0.23 

26 C -1 3 0.26 

27 C -1 3 0.17 

28 C -1 2 0.03 

29 C -1 3 0.35 

30 C -2 2 0.08 

31 C -3 2 0.01 

32 C -2 3 -0.05 

33 C -4 2 -0.02 

34 C -1 1 0.02 

35 C -2 2 -0.03 

01 D -2 1 -0.29 

02 D -4 2 -0.27 

03 D -2 3 -0.14 

04 D -3 1 -0.14 

05 D -1 2 -0.05 

06 D -2 1 -0.06 

07 D -2 1 -0.05 

08 D -2 2 -0.07 

09 D -1 1 -0.02 

10 D -1 1 -0.09 

11 D -3 3 -0.11 

12 D -3 2 -0.09 

13 D -1 1 -0.03 

14 D -1 2 0.04 

15 D -2 2 0.00 

16 D 0 6 1.73 

17 D -1 2 0.06 

18 D -1 1 -0.04 

19 D -2 2 -0.09 

20 D -2 1 -0.19 

21 D -4 2 -0.18 

22 D -2 2 -0.10 

23 D -3 2 -0.01 
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24 D -3 2 -0.06 

25 D -1 2 0.07 

26 D -2 2 0.08 

27 D -2 2 -0.09 

28 D -2 2 -0.01 

29 D -2 3 0.10 

30 D -2 3 0.05 

31 D -2 2 0.01 

32 D -1 2 0.06 

33 D -2 2 -0.08 

34 D -2 2 0.07 

35 D -1 2 0.01 

01 E -3 1 -0.36 

02 E -3 1 -0.36 

03 E -2 1 -0.11 

04 E -4 1 -0.24 

05 E -3 1 -0.12 

06 E -2 2 0.01 

07 E -3 1 -0.16 

08 E -2 2 -0.12 

09 E -2 1 -0.01 

10 E -2 2 0.03 

11 E -2 1 -0.08 

12 E -3 1 -0.09 

13 E -1 1 -0.02 

14 E -2 2 0.00 

15 E -2 1 -0.03 

16 E 0 8 2.46 

17 E -1 2 0.06 

18 E -1 2 0.00 

19 E -4 1 -0.51 

20 E -3 1 -0.24 

21 E -3 1 -0.21 

22 E -2 2 0.00 

23 E -1 2 0.15 

24 E -1 8 0.55 

25 E -2 3 0.12 

26 E -2 2 0.05 

27 E -3 2 -0.01 

28 E -1 2 0.05 

29 E -1 3 0.30 

30 E -1 3 0.07 

31 E -2 2 -0.03 

32 E -2 1 -0.13 
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33 E -2 2 0.06 

34 E -1 2 0.16 

35 E -2 2 0.03 

01 F -2 1 -0.19 

02 F -2 2 -0.04 

03 F -3 2 -0.18 

04 F -3 2 -0.16 

05 F -2 2 -0.11 

06 F -3 2 -0.13 

07 F -2 2 0.00 

08 F -2 2 -0.05 

09 F -3 3 -0.01 

10 F -2 2 0.02 

11 F -2 2 -0.08 

12 F -2 2 0.03 

13 F -2 1 0.01 

14 F -2 2 -0.06 

15 F -2 2 -0.02 

16 F 0 3 1.04 

17 F -1 1 0.04 

18 F -2 2 0.03 

19 F -4 1 -0.35 

20 F -2 1 -0.08 

21 F -2 1 -0.11 

22 F -3 2 -0.05 

23 F -2 1 0.02 

24 F -2 2 0.13 

25 F -2 1 0.03 

26 F -2 2 0.02 

27 F -2 2 0.07 

28 F -2 2 -0.04 

29 F -2 3 0.09 

30 F -2 2 0.00 

31 F -1 2 -0.02 

32 F -2 2 -0.04 

33 F -3 2 -0.05 

34 F -1 2 0.05 

35 F -2 1 -0.10 

01 G 0 2 0.07 

02 G -8 1 -0.53 

03 G 0 1 0.13 

04 G -2 2 -0.14 

05 G -3 2 -0.13 

06 G -2 2 -0.06 
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07 G -2 2 -0.16 

08 G -2 2 -0.14 

09 G -1 1 -0.14 

10 G -2 1 -0.01 

11 G -2 2 -0.12 

12 G -2 2 -0.04 

13 G -2 1 -0.07 

14 G -2 1 -0.06 

15 G -2 2 -0.05 

16 G 0 3 0.74 

17 G -1 2 0.05 

18 G -4 2 0.02 

19 G -3 2 -0.17 

20 G 0 1 0.10 

21 G 0 2 0.07 

22 G -3 2 -0.04 

23 G -1 1 -0.03 

24 G -1 2 0.23 

25 G -2 1 -0.11 

26 G -2 2 0.03 

27 G -3 2 -0.15 

28 G -2 2 0.07 

29 G -1 3 0.21 

30 G -2 3 -0.05 

31 G -1 1 0.05 

32 G -1 1 -0.01 

33 G -3 2 -0.05 

34 G -1 3 0.18 

35 G -2 2 -0.03 

 

Yorkshire and the Humber 

Area 

  
Age-

Sex 

Group
1
 LA 

Minimum 

Difference 

Maximum 

Difference 

Average 

Difference 

01 A 2 25 10.73 

02 A -6 0 -0.31 

03 A -3 0 -0.25 

04 A -2 0 -0.15 

05 A -2 0 -0.25 

06 A -3 0 -0.25 

07 A -2 0 -0.22 

08 A -2 0 -0.16 

09 A -3 0 -0.23 
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10 A -3 0 -0.21 

11 A -3 0 -0.12 

12 A -1 0 -0.10 

13 A -2 0 -0.20 

14 A -2 0 -0.16 

15 A -2 0 -0.18 

16 A 0 4 0.40 

17 A 0 1 0.06 

18 A -2 0 -0.13 

19 A -3 0 -0.26 

20 A -4 0 -0.29 

21 A -3 0 -0.29 

22 A -2 0 -0.15 

23 A -3 0 -0.23 

24 A -3 0 -0.17 

25 A -2 0 -0.22 

26 A -4 0 -0.20 

27 A -3 0 -0.19 

28 A -2 0 -0.09 

29 A -2 0 -0.19 

30 A -3 0 -0.16 

31 A -2 0 -0.11 

32 A -2 0 -0.15 

33 A -2 0 -0.18 

34 A -2 0 -0.16 

35 A -2 0 -0.19 

01 B -2 9 0.71 

02 B -3 0 -0.27 

03 B -4 0 -0.19 

04 B -3 0 -0.24 

05 B -2 0 -0.19 

06 B -2 0 -0.25 

07 B -3 0 -0.14 

08 B -2 0 -0.21 

09 B -2 0 -0.14 

10 B -2 0 -0.13 

11 B -1 0 -0.17 

12 B -2 0 -0.21 

13 B -2 0 -0.20 

14 B -3 0 -0.21 

15 B -3 0 -0.24 

16 B 0 3 0.24 

17 B 0 3 0.19 

18 B -3 0 -0.28 
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19 B -2 1 -0.21 

20 B -2 0 -0.19 

21 B -3 0 -0.26 

22 B -2 0 -0.15 

23 B -4 0 -0.25 

24 B -2 0 -0.18 

25 B -1 0 -0.12 

26 B -2 0 -0.19 

27 B -2 0 -0.13 

28 B -2 0 -0.17 

29 B -2 0 -0.11 

30 B -2 0 -0.16 

31 B -3 0 -0.24 

32 B -2 0 -0.17 

33 B -2 0 -0.12 

34 B -2 0 -0.13 

35 B -2 0 -0.20 

Note 

1 Age-Sex Groups are as follows: 

Age-Sex 

Group   

01 M&F 0 

02 M 1-4 

03 M 5-9 

04 M 10-14 

05 M 15-19 

06 M 20-24 

07 M 25-29 

08 M 30-34 

09 M 35-39 

10 M 40-44 

11 M 45-49 

12 M 50-54 

13 M 55-59 

14 M 60-64 

15 M 65-69 

16 M 70 -74 

17 M 75 -79 

18 M 80+ 

19 F 1-4 

20 F 5-9 

21 F 10-14 

22 F 15-19 
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23 F 20-24 

24 F 25-29 

25 F 30-34 

26 F 35-39 

27 F 40-44 

28 F 45-49 

29 F 50-54 

30 F 55-59 

31 F 60-64 

32 F 65-69 

33 F 70 -74 

34 F 75 -79 

35 F 80+ 

 
 

Table 2: Differences between the observed and the expected counts – household size variable 

over 100 CO runs – 5 Estimation Areas 

 

East Midlands Area 

  

Household 

Size 

Minimum 

Difference 

Maximum 

Difference 

Average 

Difference 

1 97 192 138.48 

2 -2 2 0.05 

3+ -191 -97 -138.53 

 

Inner London Area 

  

Household 

Size 

Minimum 

Difference 

Maximum 

Difference 

Average 

Difference 

1 -258 -161 -211.55 

2 -1 1 0 

3+ 161 258 211.55 

 

Outer London Area 

  

Household 

Size 

Minimum 

Difference 

Maximum 

Difference 

Average 

Difference 

1 -67 0 -7.3 

2+ 0 67 7.3 
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South West Area 

Household 

Size 

Minimum 

Difference 

Maximum 

Difference 

Average 

Difference 

1 -1 1 0.01 

2+ -1 1 -0.01 

 

Yorkshire and the Humber Area  

 

Household 

Size 

Minimum 

Difference 

Maximum 

Difference 

Average 

Difference 

1 -2 1 -0.03 

2 -1 0 -0.02 

3+ -1 2 0.05 
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5.1 Plans for use of administrative data 
 

Lucy Vickers 

 

Admin Data Division, Office for National Statistics, Segensworth Road, Titchfield, Fareham, 

PO15 5RR 
 

Summary 

 

Government relies on official statistics to allocate billions of pounds of resources, to manage the 

economy and to measure societal change. Government agencies now hold increasing volumes of 

administrative data collected as a by-product of the normal provision of services – much of which is 

similar to the data collected through statistical surveys. Technological and methodological advances 

have improved our capacity to analyse large datasets; allowing the development of new 

understanding and insights, reduce burdens on survey respondents and reduce costs. Using these 

data effectively brings new challenges. Even where these new data sources are available at 

population scale, we need new techniques and processes to help us make sense of them. The 

presenter will give an overview of the work that ONS are undertaking to increase our use of 

administrative data and the methodological work we will do in support of that venture. 

 

Main issues for discussion 
 

Question 1: What do the committee consider to be the biggest technical challenges to methodology 
before the data are actually ingested into ONS systems? Ie those technical challenges before the 
data are ‘used in anger’ within ONS? 

Question 2: What factors do the committee see as the biggest technical challenges to integrating the 
data with ONS surveys? 

Question 3: Much of the wider business strategy focuses on replacing survey with admin data. This 
will not always be possible (in the short to medium-term) so what other uses/benefits (technically) can 
the committee see arising from admin data? 

Question 4: Which specific economic and social survey outputs do the committee think admin data 
will be (technically) most beneficial for: and least beneficial for? 

Question 5: Which do the committee feel will be the biggest technical challenge; forecasting using 
admin data as a correlate (where appropriate) or integrating admin data into historic survey 
series/back-casting? 
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5.2 Update on Big Data and Classifying web scraped data using machine 
learning 
 
Jane Naylor1, Robert Breton2 
 
Big Data Division, Office for National Statistics 
1Segensworth Road, Titchfield, Fareham, PO15 5RR 
2Government Buildings, Cardiff Road, Newport, NP10 8XG 
 

Summary 
 
The ONS Big Data team are pioneering the use of big data and associated tools and technologies in 
the production of official statistics, transforming ONS outputs with data science. Their long term vision 
is to support the growth of data science and use of big data so that it becomes ‘business as usual’ for 
ONS, the GSS and analytical professions across government. 
 
The presenters will provide an overview of the work going on across the Big Data team, covering the 
different methods ONS are using and exploring, then focus progress using machine learning for the 
classification of web scraped data. 
 
Main issues for discussion 
 
Question 1: What do the committee consider to be the key methodological challenges associated 
with the use of big data sources, tools and technologies for official statistics? 
 
Question 2: Should the ONS be focusing on developing in-house skills (such as machine learning) 
for cleaning, classifying and transforming new forms of data? 
 
Question 3: Should the ONS look to purchase cleaned data from third parties: essentially contracting 
out the cleaning, classifying and transformation of the data? An example of this is the purchase of 
data from Mysupermarket. 
 
Question 4: Some Machine learning methods such as Deep Learning Neural Networks and Support 
Vector Machines are high effective at classification. However, the data transformation and 
optimisation methods are hard to understand, explain and thus make transparent. What should be the 
level of trade-off between Complexity and Transparency? 
 
Question 5: We are investigating the use of machine learning to assist in product classification; are 
there other approaches that you would recommend in classification tasks on high frequency data? 
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