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SCAG (01) 02
A Quality Assurance and Contingency Strategy for the One Number

Census in Scotland

INTRODUCTION

1. This paper outlines GROS proposals for a Quality Assurance (QA) and Contingency
Strategy for the One Number Census (ONC).  The paper describes the procedures and
strategy proposed for Scotland. In general, England & Wales and Northern Ireland propose
to use similar QA procedures, although there are some minor differences (ONS Advisory
Group Paper 00(16) outlines the ONC QA strategy for England & Wales). The purpose of
this paper is to:

• Outline the procedures that will be used to QA the ONC population estimates following
the 2001 Census; and

• Describe the contingency strategy that will be used should the QA procedures find
significant evidence to indicate that the ONC population estimates are unacceptable.

2. QA procedures and a further contingency strategy are necessary to deal with the possibility
that the results of the ONC estimation may not be plausible in some areas of the country, for
some age/sex groups or, indeed, for the whole of Scotland. This could be the result of
dependence between the observations in the Census and the CCS or because of fieldwork
problems in the CCS.

3. In Scotland, work to determine the QA and Contingency strategy is conducted by GROS, in
collaboration with ONS and NISRA, and academics from St Andrew’s University and
Southampton University.

OVERVIEW

4. The key points of the QA and contingency strategy are:

• ONC estimates for each Estimation Area (c.f. Design Group), Health Board Areas,
Council Areas and ‘Baileries’ (Council Areas and split Council Areas1) will be
systematically quality assured.  [note:  for simplicity, the rest of the paper refers to
Baileries and Council Areas as Local Authorities (LAs)] Once estimates for all LAs,
Health Board Areas and Estimation Areas have been generated and quality assured,
the resulting national ONC population estimate will also be subject to quality
assurance; and

• If the QA procedures should clearly indicate that it is necessary to adjust one or more
ONC estimate at either a sub-national or national level, a contingency strategy will

                                               
1 It should be noted that 4 Council Areas are split by Health Board Area boundaries. There is therefore another level of
geography in Scotland formed from the split parts of Council Areas and the remaining whole Council Areas. Four
Council Areas are split by the Greater Glasgow Health Board boundary into 8 parts. These parts are termed ‘Baileries’;
and with the other 28 Council Areas there are 36 Baileries.



General Register Office For Scotland ONC QA & Contingency Strategy

13/03/01 Page 2 of 11

be invoked. It will involve adjusting the ONC estimates at the sub-national level.
The method of adjustment would depend upon the reasons identified during the QA
as plausible causes for the unacceptable ONC estimates.

PROCESSING – TIMETABLE AND DATA AVAILABILITY

5. GROS has negotiated with Lockheed Martin that the processing of Scottish Census and CCS
data should be done early in the Census processing timetable.  Under the current timetable, QA
processes are scheduled to begin in the autumn after receipt of all the Scottish Census and CCS
output (though this estimate may change).  A variety of additional information will be produced
along with the ONC estimates to help QA the estimates.

6. The latest downstream processing model proposes that the processing of Scottish data after the
ONC stage be done as a whole.  Therefore, the final ONC estimates will not continue
downstream processing until the entire ONC estimate for Scotland and its EAs has been agreed.
The proposal supports this QA strategy of quality assuring and accepting all of the Scottish
ONC estimates as a whole.

QUALITY ASSURANCE PANEL

7. To ensure that the processes put in place to QA the ONC estimates are applied rigorously and
consistently, it is proposed that a panel be convened to QA the ONC estimates. It is proposed
that this panel will be presented with a QA report for each Estimation Area (8 EAs plus an
additional report covering the 4 Council Areas, which cross EA boundaries).  The report will
contain results of the QA for that EA and its constituent areas, recommendations on which of
the age/sex/area ONC estimates are acceptable, recommendations on how to adjust for
unacceptable groupings and the subsequent output.  The Population Statistics Branch and the
CCS Branch within GROS will prepare these reports and present them to the QA Panel for
discussion and agreement.

8. It is recognised that there will need to be a strong liaison with the QA work being undertaken by
ONS and NISRA to ensure wherever possible that consistent methods are being applied.
Details of how the interaction between the ONS, GROS and NISRA QA will work still need to
be determined.

QUALITY ASSURANCE PROCEDURES:  Sub-national Quality Assurance Procedures

9. The QA strategy has been developed to address the key sets of outputs from the ONC estimates,
these are:

• The ONC estimate for each of the 36 five year age/sex groups within an LA, Health Board,
EA or within Scotland;

• The ONC Estimates for all ages by sex for each LA, Health Board, EA and Scotland; and,
• The shape of the age distribution for each sex for each LA, Health Board, EA and Scotland.

10. The QA process will consist of a number of quantitative demographic analyses, including
comparisons with the GROS MYE and other administrative sources, as well as other analyses
using qualitative information.

Quantitative assurance

11. A number of standard demographic indicators will be generated once the ONC estimates have
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been produced.  These indicators will help the QA panel assess the ONC estimates. These
indicators include:

Quantitative checks (for each age group) QA area Sex
Diagnostic

range
Absolute ONC Estimates 4 4 4
Age/sex ratios 4 4 4
Dependency ratios (eg) 4 4 4
Census count to ONC Estimate ratio 4 4 4

QA Area The QA area is the geography at which the ONC estimate will be quality
assured.  The QA areas are the LA, Health Board, Estimation Area and the Scotland level.

Diagnostic Ranges These ranges will be pre-determined and calculated using a variety of
comparators, including both the GROS MYE and data derived from administrative sources
(health registers, benefit registers, etc.). Table 1 outlines the comparators available for each
age/sex group and Appendix A provides a more detailed description of the quality and
coverage of the comparators.  The diagnostic range will take into account the variability of
each type of comparator within an age/sex group.  The method for deriving the diagnostic
ranges is still to be determined.

12. The ONC estimate will be expected to lie within the diagnostic range for each of the
demographic indicators, but that will not be the sole determinant of whether the ONC estimates
are accepted.  They will provide a benchmark for ensuring a level of consistency in the
assessment across all of the QA areas and provide a measure to prioritise the evaluation of QA
areas.  The QA panel will evaluate this information alongside the qualitative information
outlined in para 13 to provide a comprehensive validation of the ONC estimates using all of the
available information.

Table 1: Portfolio of Comparators by Age Group for Quality Assurance of ONC Estimates

Age Group Comparators

0 - 4
1.  GROS Mid-Year Estimates
2.  Child Benefit data (DSS)
3.  Community Health Index data

5 – 9
10 – 14

1.  GROS Mid-Year Estimates
2.  Child Benefit data (DSS)
3.  Community Health Index data
 4.  Schools Census data (SE)

15 – 19
20 – 24
25 – 29
30 – 34
35 – 39
40 – 44
45 - 49
50 – 54
55 – 59
60 – 64

1.  GROS Mid-Year Estimates
2.  Community Health Index data

65 – 69 1.  GROS Mid-Year Estimates
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70 – 74
75 – 79
80 – 84

85+

2.  Retirement Pension data (DSS)
3.  Community Health Index data

Qualitative assurance

13. In conjunction with the quantitative information in para 11, the QA panel will also undertake a
systematic assessment of the following information:

• Information from the quantative QA procedures described in 11 above (graphs, tables of
differences, extent to which diagnostic ranges are exceeded, etc.);

• Information from the ONC estimation procedures (error bounds for the estimates, model
parameters, off-diagonal components of the Dual System Estimators etc.);

• Pre-classified information from the field – both Census (Census Management
Information System) and CCS – which may indicate CCS failure in the field; and

• Details of adjustments made to the 1991 Census estimates.

14. If the QA panel’s assessment of the quantitative and qualitative evidence indicates that the ONC
estimates for the EA and its constituent Health Boards and LAs are plausible (despite possibly
one or more estimates falling outside the pre-determined diagnostic ranges), they would be
accepted. However, if the evidence indicates that one or more ONC estimates are unacceptable
and require adjustment, a decision would be taken to invoke the Contingency Strategy.

Quality Assurance & Contingency Schedule

15. GROS will have all the data for age/sex groups within each LA, Health Board Area, EA and
Scotland available for quality assurance at the same time. GROS will also have the ONC:
Census ratios for each of these geographic levels. Therefore, while the data is quality assured
sequentially, general trends and comparisons with other age/sex groups at LA level, at Health
Board Area level, at EA level and National level will be made across the board. However, the
strategy is to follow a predetermined sequence, but in the light of our overall knowledge.

16. The QA of the estimates for each age-sex group will progress sequentially through each
Estimation Area and their constituent LAs, Health Board Areas, as follows:

A) If the QA panel considers that the ONC estimates for each of the age/sex groups within
an LA are acceptable, then the next constituent LA of that Estimation Area is
considered. Having completed the QA of LAs withn the Estimation Area, the QA of the
next highest geography within the EA (either Health Board or the EA itself) is done and
repeated until all of the geographies within and including the EA have been QA’ed.  If
the ONC estimates for an Estimation Area, its Health Board Areas and its LAs are
considered acceptable by the QA panel, accept and move on to the next Estimation Area
and its constituent Health Board Areas and LAs.

B) After completing step A), aggregate the age/sex groups within LAs, within Health Board
Areas and within Estimation Areas. Then QA those aggregated population by sex totals.
At the same time keep running totals across LAs for the original estimates of the single
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age/sex group populations and use cumulative score analysis techniques to ensure there
is no evidence of systematic failure, i.e. no consistent over or under estimation across all
of the age/sex groups within a QA area.

C) If an age/sex group estimate of an LA is found to be unacceptable, check all age/sex
groups consituent estimates and the Health Board Area estimates and the EA estimates.
This is to establish whether (a) the higher level estimates are wrong or (b) whether the
higher level estimate is correct but the subsequent distribution to lower level geographies
is wrong.  This will help determine whether the cause of the unacceptable ONC estimate
lies in the estimation process or the modelling of EA estimates to LAs.

If an adjustment had to be made then you have three alternatives each taking account of
(a) or (b) above. They are:

• Examine  the model used to estimate - including the treatment of outliers – and make
a change to inputs to the estimation system and rerun the estimation process;

-  It is expected that a rerun of the estimation process would use software adapted
from the automatic estimation process software used in the first run through.
However it would allow some changes to inputs. The exact inputs which could be
changed and other details are currently being finalised.

• ‘Borrow strength’ from other socio-economically and demographically similar LAs
in the other Scottish Estimation Areas.

-  It is proposed that the five Council Areas which will be used to borrow strength
will be based on the five areas with the closest ‘distance’ as calculated in the ONS
classification of Local Authorities developed by ONS Methods and Quality Division.
This classification combines 37 variables from the 1991 Census to calculate a
“distance” between each Council Area in Scotland. The five closest Scottish council
areas for each council area are given in Table 2.  The processing order of 2001
Census output make it difficult to borrow strength for a Scottish area from a closer or
more similar area in England and Wales as the ‘closest’ council may be scheduled
much later in the processing timetable.  However, there is very little difference in
terms of total ‘distance’ between the five closest councils in GB and the five closest
councils in Scotland only.  Therefore it is proposed that borrowing strength only uses
data from other councils within Scotland.

The strategy would entail the following steps:

i. For LAs  ‘e’, the ONC estimate for an age/sex group is 2,890, a Census count of
2,860 and a ratio estimate  of:

ONC  = 1.01 x Census 

ii. Evidence from the processes at paragraphs 9 to 13 recommends that the estimates for
LA e are unacceptable.  The ratio estimates for the five similar LAs (as determined
by ONS classification of Local Authorities) to LA e are:

h ONC  =  1.10 Census   
j ONC  =  1.11 Census  
k ONC  =  1.09 Census
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l ONC  =  1.10 Census 
m ONC  =  1.08 Census 

iii. The estimated populations are h: 3,220; j: 4,380; k: 3,770; l: 3,960; m: 4,240 (These
estimates would have been made by allocating the relevant EA population to the LAs
using small area estimation techniques).

iv. Re-estimate the LA ratio model for LA e using LAs h, j, k, l and m on a weighted
basis.  The new ratio estimate fore LA e becomes:

ONC = 1.09596 Census

v. This leads to an estimate of 3,134 for LA e. This figure would have to be quality
assured, as would the new figure for the Estimation Area to which LA e belongs At
any failure, the revised EA, Health Board and LA estimates will need to be QA’ed
again.

-  The proposals for borrowing strength uses the five nearest councils, but it may not
in some circumstances be appropriate to use all five for a couple of reasons.  LAs
should only be used in the borrowing strength proposal if their ONC estimates have
been accepted as plausible by the QA panel.  Therefore, it may not be feasible in
some cases to borrow strength from all five areas if one or more of the ONC
estimates for the borrowing strength areas is found to be unacceptable.  Also, the
degree of similarity between the five councils may vary significantly and in some
areas it may be appropriate to only use the areas within a certain distance or degree
of similarlity.  Further work is being done to address these issues.

• If adjustment of the age/sex estimate at the LA level would take an aggregated total
for a higher level geographic unit out of the diagnostic range, then consider
complementary adjustments to other geographic units within the Health Board Area
or EA in order to keep the higher level estimates within the diagnostic range.;

QUALITY ASSURANCE PROCEDURES: National QA & Contingency Procedures

17. Once the ONC estimates for every EA have been generated, quality assured and (if necessary)
adjusted, they will be summed to produce the national ONC population estimate. This national
estimate will be subjected to similar quantitative and qualitative assessment as the sub-national
estimates.  This final assessment will determine whether there is a need to make an adjustment
at the national level.

National Adjustment: Bayes Estimation based upon Independent Demographic Information

18. By monitoring cumulative measures throughout the QA process, GROS will seek to identify
systematic error as early as possible. However, if the national ONC estimates, formed by
summing the agreed sub-national estimates, still require adjustment then this is likely to be
because, across Scotland, the degree of dependence between the Census and CCS collection
procedures will have been too high. A result would be that all the sub-national ONC estimates
were a little low (or high). In this case, it is proposed that adjustments would be made to the
sub-national ONC estimates and a new national estimate calculated. Elliott and Little (1999)
show how, in the situation described above, empirical Bayes estimation can be used to make
such adjustments as long as one has ancillary information such as expected sex ratios,
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dependency ratios or other demographic or administrative data. It is proposed that this strategy
will be used.

5. REFERENCES

Bailey, S. et al (1999), ‘The ONS classification of local and health authorities of Great Britain:
revised for authorities in 1999’, Office for National Statistics publication.
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Measurement Survey and Demographic Analysis’ submitted to J.A.S.A.
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Appendix A
COMPARATORS TO BE USED IN ONC QUALITY ASSURANCE PROCEDURES

Mid-Year Estimates

Rolled-forward mid-year population estimates (MYEs) are produced every year by the Population
Statistics Branch of Census and Population Statistics Division in GROS. The MYEs are produced
by age and sex for each Council Area and Health Board Area in Scotland, and these population
estimates will be used as one of the main comparators for all age groups in the ONC QA
procedures, both nationally and sub-nationally.

The rolled-forward MYEs for 2001 will not be available to feed into the ONC QA process (due to
many of the constituent components that make up the estimates not being available in time).
However, it is proposed that the 2000 MYE, with appropriate adjustments for the population change
between 1 July 2000 and 29 April 2001 are used in the QA process.  Further work is underway to
specify the process for producing the appropriate adjustment for population change.

Birth Registration Data

The civil registration system records all new births in the population, and this will therefore be a
key source of data when quality assuring ONC estimates for children aged under one year (a group
of the population which censuses worldwide seem to undercount to a greater extent). An initial
procedure for adjusting the births to take account of deaths and migration in the period has been
developed, using information from the CHI. This proposal will be further evaluated in the light of
QA requirements.

DSS Child Benefit Data

The Benefits Agency administer the Child Benefit Claimant Register which holds information on
all persons claiming child benefit in the UK and the children for whom the benefit is claimed. As
Child Benefit is almost universally taken up for children in the UK, this administrative register is
potentially a good source of information on those aged under 16 (the benefit can only be claimed
for those children aged 16 and over who remain in full-time 'school-type' education). In order to
aggregate these records and use them as a comparator in ONC quality assurance procedures, certain
problems need to be borne in mind and overcome:

i) Many of the postcodes on the records are either missing, contain errors, or are out of
date. It is therefore necessary to validate the postcodes against address details using
postcoding software before any data is aggregated geographically.

ii) New-born children can take up to three months to appear on the Child Benefit register,
due to delays in claims being made and the information subsequently being added to the
register. It is therefore necessary to obtain an additional extract from the register
approximately three months after the reference date required (to obtain information on
children born on or before the reference date for whom benefit has subsequently been
claimed) and to add these records to the extract relating to the reference date.

iii) Approximately 0.5% of children listed on the register are linked to claimants with
overseas addresses (mainly BFPO addresses). It is not known how many of these
children are educated (and therefore resident) in the UK, and how many are resident
overseas; and

iv) Some claimant address information may be out of date due to claimants moving but not
informing the Benefits Agency. This is only likely to be a problem for those customers
who have their benefits paid directly into a bank account.
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GROS and ONS are doing further work to investigate the quality and compatibility of the DSS
child benefit data and what if any adjustments the data may require to make it consistent with the
ONC estimates.

DSS Retirement Pensions Data

The Benefits Agency administers the Retirement Pension Register, which holds information on all
persons claiming a state retirement pension in the UK. Almost all persons aged 65 or over are
entitled to claim some form of state retirement pension, be it as a recipient of a full contributory
pension, a partner of such a recipient, a recipient of a non-contributory pension, or a combination of
these options. This administrative register is potentially a good source of information on those aged
65 and over, but once again there are problems that need to be overcome and issues that need to be
borne in mind if the records are to be aggregated and used as a comparator in ONC quality
assurance procedures:

i) In common with the Child Benefit Register, many of the postcodes are either missing,
contain errors, or out of date and it is therefore necessary to validate these before any
data are aggregated geographically.

ii) To ensure maximum coverage of the population aged 65 and over without duplication,
records relating to each of the different types of pension (as well as benefits such as
Severe Disability Allowance and Incapacity Benefit) need to be extracted and linked by
National Insurance number.

iii) As well as men aged 65+ and women aged 60+ living in the UK, some expatriates
resident overseas are also eligible to claim a state pension.

iv) Again, some address information may be out of date due to pension claimants moving
but not informing the Benefits Agency. This is only likely to be a problem for those
customers who have their pensions paid directly into a bank account.

GROS and ONS are doing further work to investigate the quality and compatibility of the DSS
retirement pensions data and what if any adjustments the data may require to make it consistent
with the ONC estimates.

Data from the Community Health Index (CHI)

Patient registers (CHI) administered by individual health boards provide the most comprehensive
administrative source in terms of coverage of the whole population. GROS has been investigating
the possible use of migration data derived from the CHI in the GROS MYE and as a possible data
source for producing small area estimates.  The data suffers mainly from list inflation due to delays
in people being removed from the register when they move out of an area.

Due to the imprecise measures used to calculate migration in the MYE, it is thought that the CHI
would be a useful alternative estimate of the population with which to compare against the ONC
estimate.  Particularly as for the age groups wwhich are most prone to under-enumeration the CHI
is the other only data source which exists for comparison other than the GROS MYE.

There may be a need to adjust areas with a high list inflation as this is likely to create artificially
high diagnostic ranges, reducing the effectiveness of the comparison.  Further work is being done to
look at what adjustments should be made and to what extent.

Evaluation of the CHI has shown that it takes approximately three months for the addition  of the
vast majority of births and deaths to be added to the CHI.  In addition, it is assumed that it takes
about three months for a patient to re-register with a GP after a move and for the information to be
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recorded on the CHI.  Therefore, a dump of the CHI has been scheduled for 29 July to be consistent
with the Census Day count and the assumed three month delay.

Schools Census Data

The Schools Census is a count of all children attending educational establishments, including
independent, special and state (?) schools in Scotland.  In Scotland, the information is collected
each year as at 30 September by the Scottish Executive and provisional information is available in
the Spring.  The information will include the number of pupils by local authority, age and sex as at
30 September 2000, the earliest date for which data will be available for comparison.  There are a
number of definitional issues which may require adjustments to ensure a consistent comparison
with the ONC estimataes, including:

• Age School Census output calculates age as at 30 September rather than
age as at 30 June

• Timing Differences in the period of the censuses may require adjustments
for migration and deaths.

• Children who do not
attend school

The school census will exclude children who do not attend school
and are taught at home.  Numbers are likely to be small and not
significant.

• Children who reside in
one local authority and
attend school in
another.

The numbers of these cases may be large in particular areas and
may require adjustments.

 GROS is investigating these differences and will determine to what extent adjustments to the data
are required.
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Table 2 Nearest1 Scottish council area to each council area within Scotland
Scottish council area

Most similar Least similar
(1) (2) (3) (4) (5)

SCOTLAND

Council areas

Aberdeen City East Lothian Renfrewshire Edinburgh, City of Fife Angus
Aberdeenshire Shetland Islands Moray Highland Angus Perth and Kinross
Angus Perth and Kinross Highland Scottish Borders South Ayrshire Dumfries and Galloway
Argyll & Bute Highland Perth and Kinross Angus Moray Stirling
Clackmannanshire Fife North Ayrshire South Lanarkshire East Ayrshire Falkirk

Dumfries & Galloway Scottish Borders Angus Highland Moray Perth and Kinross
Dundee City West Dunbartonshire Renfrewshire Inverclyde Glasgow City Falkirk
East Ayrshire North Ayrshire Clackmannanshire Falkirk Fife North Lanarkshire
East Dunbartonshire East Renfrewshire Stirling East Lothian South Ayrshire Perth and Kinross
East Lothian Fife South Ayrshire Angus Midlothian South Lanarkshire

East Renfrewshire East Dunbartonshire Stirling Perth and Kinross South Ayrshire Aberdeenshire
Edinburgh, City of Aberdeen City Renfrewshire Perth and Kinross Dundee City Stirling
Eilean Siar Highland Moray Argyll and Bute Dumfries and Galloway Angus
Falkirk Clackmannanshire East Ayrshire North Ayrshire Fife South Lanarkshire
Fife Clackmannanshire South Lanarkshire South Ayrshire East Lothian North Ayrshire

Glasgow City Dundee City West Dunbartonshire Inverclyde Renfrewshire North Lanarkshire
Highland Moray Angus Argyll and Bute Dumfries and Galloway Perth and Kinross
Inverclyde West Dunbartonshire East Ayrshire Renfrewshire North Lanarkshire North Ayrshire
Midlothian West Lothian East Lothian South Lanarkshire Fife Falkirk
Moray Highland Angus Dumfries and Galloway Argyll and Bute Aberdeenshire

North Ayrshire Clackmannanshire East Ayrshire Fife Falkirk South Lanarkshire
North Lanarkshire North Ayrshire East Ayrshire Clackmannanshire South Lanarkshire Inverclyde
Orkney Islands Dumfries and Galloway Shetland Islands Moray Aberdeenshire Highland
Perth & Kinross Angus Argyll and Bute Scottish Borders Highland Dumfries and Galloway
Renfrewshire South Lanarkshire Falkirk West Dunbartonshire Fife Inverclyde

Scottish Borders Angus Dumfries and Galloway Perth and Kinross Highland Moray
Shetland Islands Aberdeenshire Moray Highland Orkney Islands Angus
South Ayrshire Angus Fife East Lothian Stirling Highland
South Lanarkshire Fife Clackmannanshire Renfrewshire Falkirk North Ayrshire
Stirling South Ayrshire Perth and Kinross Argyll and Bute East Lothian Angus

West Dunbartonshire Inverclyde Renfrewshire Dundee City North Lanarkshire Falkirk
West Lothian Midlothian Clackmannanshire South Lanarkshire Fife Falkirk
1  Nearest council areas determined by the council areas with the closest distance in the ONS Classification of Local Authorities. 
   Distance is based on 37 variables from the 1991 Census.


