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Many national statistical institutes (NSIs) are seeking to supplement or replace their
traditional population census with a methodology underpinned by administrative sources.
Health service register data are key in this regard owing to their high population coverage; it
is therefore important to improve understanding of data quality in this administrative source.
This study investigated the factors associated with record-level address data mismatch
between the Northern Ireland (NI) Health Card Registration System (HCRS) and the 2011
Census, using the NI Longitudinal Study (NILS). Address information in the form of
anonymised Unique Property Reference Number (XUPRN) was available for circa 334,000
NILS members with census returns in 2001 and 2011, which provided a benchmark to assess
XUPRN accuracy in their linked HCRS record for comparable time points. Multinomial
logistic regression revealed a significantly greater likelihood of address mismatch in the
HCRS for: males; young adults; individuals with no limiting long-term illness; migrants in
the year prior to each census; and residents of communal establishments. Identification of
population groups affected by poor quality address information in administrative sources can
assist NSIs with the development and implementation of methodological improvements to
ensure that official population statistics generated from these sources are fit for purpose.
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1. Introduction

The use of administrative data sources in official statistical systems is well established

(Eurostat 2003; Karr 2012; Wallgren and Wallgren 2014; Agafiţei et al. 2015). Many

national statistical institutes (NSIs) draw upon these data, routinely collected by

government departments, state agencies and other organisations via the operation of a

service, transaction or registration to inform statistics on the economy and society.

Challenges facing NSIs including financial constraints and the high cost of data collection

via sample surveys (United Nations Economic Commission for Europe (UNECE) 2011)
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are resulting in the increasing integration of administrative sources in statistical

production processes.

Among the range of administrative sources in existence, one of the most informative in

terms of providing basic demographic and address information is a health service register,

referred to hereafter as a health register. These data are based on individual registrations to

access primary care services, mainly via general practitioners. Such services are free at the

point of use in many countries, for example the United Kingdom (UK), Italy and Denmark

(Roland et al. 2012; Lo Scalzo et al. 2009; Pedersen et al. 2012), which is a strong

incentive to register, hence the high population coverage generally provided by these data.

Accordingly, health registers have utility from a statistical perspective, with many NSIs

using these data in their methodology for producing annual subnational population

estimates. Furthermore, a number of NSIs that conduct a traditional population census

are investigating the potential of administrative sources to supplement or replace this

approach; health registers are likely to be key in this regard given their value in a statistical

context.

It is therefore important to improve understanding of quality issues in this

administrative source given its use in producing population statistics; of specific interest

for this study is record-level address data. Among various applications, these data inform

the estimation of internal migration flows by some NSIs and they are one of the main

matching variables for record linkage between administrative sources integrated in

population statistics production processes. Our focus is the health register in Northern

Ireland (NI), which is termed the Health Card Registration System (HCRS). Previous

studies have investigated the quality of address information in this administrative source

(Shuttleworth and Barr 2011; Barr and Shuttleworth 2012; Shuttleworth and Martin 2016)

and the England and Wales equivalent, the Patient Register (Smallwood and Lynch 2010),

using 2001 Census data as the reference. This study builds upon the existing research by

investigating address data quality from both a cross-sectional and longitudinal perspective

using data from the 2001 and 2011 censuses of NI. The first aim was to investigate the

extent of address mismatch between the HCRS and census in 2011 and to identify some of

the associated characteristics using a univariate approach. Secondly, combining results

from the 2001- and 2011-based analyses, the aim was to identify the individual-,

household-, and area-level factors associated with address mismatch from a longitudinal

perspective, employing a multivariate methodology. These aims were met by the use of

the NI Longitudinal Study (NILS), one of three UK census-based longitudinal studies

(along with the Office for National Statistics (ONS) and Scottish longitudinal studies), but

unique in its high sample fraction.

This article is presented in five sections. In Section 2, the use of administrative data to

inform the production of population statistics is outlined in the context of the different

methodologies employed by NSIs internationally; this is followed by specific reference to

health register data and associated quality issues. A detailed description of the NILS is

provided in section three, highlighting its value in facilitating a detailed assessment of

address data quality in the NI HCRS. We also outline the methods underlying the analysis.

The results in Section 4 reveal the factors associated with address mismatch in the HCRS

in a cross-sectional and longitudinal context. In Section 5, the findings are interpreted from

various perspectives including the wider implications for the statistical application of
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health register data before, finally, the conclusions from the study are presented in

Section 6.

2. Administrative Data and Population Statistics: National and

International Perspectives

A census is fundamental to enumerating a country’s population and producing statistics on

its main demographic and socioeconomic characteristics from national to small area level.

Most countries employ a traditional approach when conducting a census and while the

principle of collecting information from all individuals and households remains, the

methodology has evolved. This includes the introduction of online data collection in

recent census rounds (Moore et al. 2008). The internet is becoming the primary mode of

data collection in many of the traditional census-taking countries; the 2016 Canadian

Census had an internet collection response rate of 68% (UNECE 2016), the target for the

2021 UK Census is a 65% online response rate (UNECE 2015), while the United States

Census Bureau (USCB) are planning for the internet to be the main response mode in their

2020 Census (USCB 2015a). One of the main alternative census methods is a register-

based system underpinned by administrative sources, which is well-established in many of

the Nordic states (Martin 2006; UNECE 2007; Lange 2014). Owing to the advantages of

using administrative data such as reduced respondent burden and the capacity for more

frequent statistical outputs, other countries are turning increasingly to these sources. For

example, Sweden and Austria made the transition to a completely register-based census

in 2011 (Andersson et al. 2013; Kukutai et al. 2015), while Switzerland and Germany

introduced integrated census systems combining administrative registers and sample

surveys in 2010 and 2011, respectively (UNECE 2012a, 2012b). Although the UK

conducts a traditional census, various administrative sources were used to quality assure

population estimates from their 2011 event (National Records of Scotland (NRS) 2012;

Northern Ireland Statistics and Research Agency (NISRA) 2012; ONS 2012a). Looking

ahead, the ONS has committed to greater use of administrative data to enhance the quality

of statistics from the 2021 Census of England and Wales (ONS 2014a); this approach has

also been adopted by the other UK NSIs in Scotland (NRS 2014) and NI (NISRA 2014).

It is clear therefore that administrative data are becoming increasingly relevant

internationally in the context of the population census.

While the traditional census provides accurate data for a point in time, there is a

requirement for high quality population statistics throughout the intercensal period. Many

NSIs in the countries concerned use administrative sources to produce annual population

statistics. Internal migration, the movement of individuals within a country, greatly

influences the size and composition of populations at subnational level and its estimation is

underpinned by administrative data in the UK (ONS 2016), Canada (Statistics Canada

(SC) 2015), United States (USCB 2016), and Australia (ABS 2014); health register data

are one of the main sources drawn upon in this context. Furthermore, these data are used in

the methodology for estimating the subnational distribution of immigrants throughout

England and Wales (ONS 2011). Looking forward, the NSIs of New Zealand and England

and Wales are assessing the feasibility of replacing their traditional census with a model

based largely on linked administrative sources that is less costly and can produce more
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frequent population statistics (Bycroft 2015; ONS 2015a). In this regard, the ONS are

releasing experimental population estimates at national and subnational level on an annual

basis, which are based on linked administrative data sources including the Patient Register

(ONS 2015b).

Like many administrative sources, health register data are affected by particular quality

issues. Overcoverage is an acknowledged feature for reasons such as emigrants not

de-registering prior to moving abroad and multiple area registrations; ‘list inflation’ of

between four per cent and five per cent above the population estimate has been reported for

the Patient Register in England and Wales (ONS 2012b) and the HCRS in NI (O’Reilly

et al. 2012). Another issue concerns the lag in updating of residential moves, which is

especially prevalent among males and in urban and deprived areas (Shuttleworth and Barr

2011; Statistics New Zealand 2013). From a temporal perspective, Barr and Shuttleworth

(2012) found that 44% of an internal migrant study cohort in the NILS lagged in reporting

a change of address to the HCRS by more than one year, while in a London-based study

by Millett et al. (2005), seven per cent of participants took longer than three years to

re-register with a general practitioner after a change of address.

There is a need to build upon the existing evidence base on address data quality in

administrative sources such as a national health register. To provide context for this study,

Figure 1 outlines, conceptually, major contributors to inaccurate address information in

administrative data, drawing on the illustrative approach used by Raymer et al. (2015).

The delayed or failed reporting of a residential move to the relevant administrative system

is considered one of the main statistical challenges associated with the use of

administrative data to produce population statistics (ONS 2012c).

The NILS facilitated a novel approach for this study, providing address information for

a large sample from consecutive censuses and for regular intervals from the HCRS over

a thirteen-year period to conduct a detailed longitudinal analysis. Although NI is the

smallest country in the UK, its varied settlement pattern with a large urban centre (Belfast)

and rural countryside interspersed with towns is similar to that observed in many other

Delayed or no reporting
of residential moves to
administrative system

Inconsistencies in addresses
assigned to split/merged
residential properties or new
housing developments

Address in
administrative
data source

Address in
population
census

Mismatch

Individuals who reside at more
than one address, e.g. second
addresses for work/holiday
purposes, boarding school pupils

Data processing errors,
e.g. incorrect data entry,
incorrect or inconsistent
recording of addresses

Fig. 1. Overview of contributors to address inaccuracy in an administrative data source.
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countries, which broadens the applicability of the findings. Our study may be of interest to

organisations and NSIs that use health register data for statistical or research purposes as

it provides an insight on record-level inaccuracies in geographical referencing and the

associated factors.

3. Data and Methods

3.1. The NILS

The analysis was based on the NILS, which is a representative circa 28% sample of the

1.84 million population of NI. The spine of the NILS is records from the NI HCRS, which

is administered by the Health and Social Care Business Services Organisation (BSO) and

includes almost 100% of the NI population (O’Reilly et al. 2012). The HCRS data are

obtained from the National Health Authority Information Registration System, which

is linked to all general practitioner practices in NI. Although each person registered to

access primary care services is assigned a unique Health and Care Number, duplicate

registrations are identified as one of the factors contributing to overcoverage in the HCRS;

however, quality assurance within NISRA sees the removal of duplicate records prior to

the use of the data for statistical and research purposes (NISRA 2016a). Once an individual

is registered on the HCRS, they can voluntarily update their address information via their

general practitioner practice or the BSO website (ONS 2017).

Membership of the NILS is based on having one of 104 predesignated birth dates, with

records linked to decennial census returns from 1981 to 2011. There is no complete

household structure in the NILS as it is a sample, unlike census data, with some NILS

members being a single representative from a household and sometimes multiple members

from the same household. The linkage of HCRS and census records in the NILS employs a

sequential match-key approach; this methodology enables records for the same individual

to be linked where their address differs across both sources by assigning highest matching

weights to name, gender and date of birth and using part of the address information in one

of the match-keys. Manual verification of linked records and thorough quality checks

ensure a high match rate. Further information on the NILS record linkage processing is

available in a data matching methodology working paper (Northern Ireland Longitudinal

Study 2015). Census data provide a rich source of information on demographic and

socioeconomic characteristics of NILS members at individual- and household-level. In

addition, residential moves of NILS members from 2001 onwards can be determined from

routine HCRS updates provided to the NILS at six-month intervals. Note that the HCRS

and census are separate data sources with neither used to update the other; the

aforementioned data linkage is for the purpose of the NILS. A more detailed description of

the NILS is available in O’Reilly et al. (2012).

Census data in the NILS is based on the enumerated population and therefore excludes

wholly imputed individuals and households from the standard coverage adjustment

process. Some NILS members do not have census information; this arises where

individuals emigrated or died yet remained on the HCRS or where they simply did not

provide a census return. This study was based on NILS members with a census record,

which facilitated a comparison of address information with that in the HCRS. The lowest
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level of geography available for NILS research is Super Output Area (SOA), which was

introduced by NISRA for the 2001 Census; there are 890 SOAs in NI, with an average

population size of 2,000 (NI Neighbourhood Information Service 2013).

Pointer, maintained by Land and Property Services, is the main address database for NI,

in which each property has a Unique Property Reference Number (UPRN). In the HCRS

and NI census data, address information includes the UPRN. Record-level address data in

the NILS are provided in the form of anonymised UPRN, termed XUPRN. For this study,

the availability of XUPRN in the HCRS and census data permitted an indirect comparison

of the record-level address recorded in both sources. Owing to issues such as address

formats not recognised by Pointer or incomplete address information, it is not possible to

assign a UPRN in all cases. Accordingly, in the NILS, XUPRN can be missing in the

census or HCRS data, missing in both or present in both; in the case of the latter, XUPRN

can be a match or mismatch. This categorisation was used in presenting the cross-sectional

results for 2011. The incidence of unassigned XUPRN was particularly high among

addresses in Fermanagh, a predominantly rural area in the south-west of NI. This was

mainly due to the use of a non-standard addressing system based on geographical units

called townlands, which was not entirely incorporated in Pointer.

3.2. Methods

3.2.1. Research Approach

The main element of this study was a longitudinal assessment of address data accuracy

in the HCRS in terms of identifying the individual-, household-, and area-level factors

associated with XUPRN mismatch. The census in 2001 and 2011 provided benchmark

address information for NILS members as this was the most accurate record of where

individuals resided at the time of enumeration. In addition, the routine updates of HCRS

data gave a detailed address history for NILS members. The reference for one of the twice-

yearly updates of HCRS data in the NILS was April, making it possible to obtain XUPRN

data for a time point close to the 2001 and 2011 censuses conducted on April 29th and

March 27th, respectively. A cross-sectional comparison of record-level XUPRN between

the census and HCRS was undertaken for 2001 and 2011. This facilitated classification of

NILS members with a census record and valid XUPRN recorded in both sources over time

into four categories, namely (i) matching XUPRN between the census and HCRS in 2001

and 2011, (ii) matching XUPRN in 2001 only, (iii) matching XUPRN in 2011 only and (iv)

mismatching XUPRN in 2001 and 2011. The primary focus of this study is the longitudinal

assessment of address data accuracy, with descriptive results from the 2011 cross-sectional

analysis also provided. In addition, the Supplemental data include further regression model

output from the longitudinal analysis and 2001 and 2011 cross-sectional analyses. For

clarification, address and XUPRN are used interchangeably, with mismatch and match

referring to NILS members having an address recorded in the HCRS that was different or

the same, respectively, to that from which their census questionnaire was returned.

3.2.2. Explanatory Variables

Most of the person- and household-level explanatory variables used in the analysis were

obtained from the 2001 and 2011 censuses of NI. Their selection was informed by similar
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studies undertaken by Shuttleworth and Barr (2011), Barr and Shuttleworth (2012), and

Shuttleworth and Martin (2016), which point to similarities between the hard-to-

enumerate population from a census perspective and those with a greater likelihood of

having inaccurate address information recorded in administrative systems. Accordingly,

age and gender were included alongside marital status, level of education, socioeconomic

status, and health status. Country of birth was chosen to investigate if XUPRN mismatch

was prevalent among the immigrant population in NI. Migration, based on the ‘One year

ago, what was your usual address’ census question was considered very relevant as it

reflected residential moves, while housing tenure and household accommodation type and

composition were informative in the context of residential mobility. Transition variables

were derived for the longitudinal analysis based on the characteristics of NILS members

in both the 2001 and 2011 censuses, for example, single in 2001 and married in 2011.

The variables in question were marital status, limiting long-term illness (LLTI), National

Statistics Socio-economic Classification (NSSEC), migration, and housing tenure. In

addition, a derived variable capturing the frequency of record level address changes

reported in the HCRS at six-month intervals between 2001 and 2011 was included. For the

variables describing educational qualifications and religion, 2001 Census data were used

on account of their antecedent status.

To investigate the geography of XUPRN mismatch, a number of area-level variables

were included in the analysis. The 2005 NI Multiple Deprivation Measure (MDM) and

component Proximity to Services domain score at SOA level (NISRA 2005a) provided

a measure of spatial deprivation and the extent to which people had poor geographical

access to key services, respectively, close to the mid-point of the 2001 to 2011 period.

Based on the official statistical classification of settlements in NI (NISRA 2005b), the

SOA of the census-recorded address was assigned urban or rural status. A variable based

on whether the census-recorded address was in Fermanagh or elsewhere in NI was created

to assess the effect of the addressing problems associated with the former. Explanatory

variables that did not follow an approximate normal distribution were log transformed and

expressed as quartiles where necessary.

3.2.3. Analysis

An initial descriptive analysis provided the percentage distributions of selected variables

across the various XUPRN status categories for the 2011 cross-sectional analysis

initially and, subsequently, the longitudinal assessment of address data quality in the

HCRS. To further explore the multivariate relationships in the latter, multinomial

logistic regression analysis was conducted using NILS records in the 16 to 74 age group;

this restricted age category was relevant in the context of the education and

socioeconomic status explanatory variables. For the four-category dependent variable,

matching XUPRN in 2001 and 2011 was selected as the reference and the coefficients

were expressed as relative risk ratios. Regarding the individual explanatory variables, the

reference category was chosen on the basis of having the most records with a status of

XUPRN match in both years. Data analysis was undertaken at the secure research

environment of the NILS Research Support Unit, primarily using STATA version 14

(StataCorp 2016).
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4. Results

4.1. Cross-Sectional Analysis (2011): Descriptive Results

The following descriptive results apply to 485,185 NILS members with a 2011 Census

return. Regarding age, the XUPRN match rate between the census and HCRS fluctuated

slightly around 85% for the 16 and under and 50 plus age groups (Figure 2). The trough in

the XUPRN match rate for the 20 to 40 age group was reflected in the XUPRN mismatch

rate, which peaked at 26% for those in their late twenties. The proportions of those with an

unassigned XUPRN in the census, HCRS or both remained below ten per cent across all

ages; some data were unavailable for the very old on account of aggregation for disclosure

control purposes.

There was a reasonably large range in the XUPRN match and mismatch rates across

other selected variables (Table 1). Individuals with the following characteristics were

associated with a noticeably higher rate of XUPRN mismatch: male; marital status of

single; without an LLTI; migrated within NI during the previous twelve months; private

renter; living in a flat, apartment or communal establishment; living in a one person (under

65 age group), cohabiting couple or student household. In terms of area effect, the XUPRN

match rate of 76% for rural SOAs was around seven per cent lower compared to SOAs

classified as urban. Another finding of note was the relatively high proportion in the

‘XUPRN not assigned’ category of those who moved to NI from outside the country

100

90

80

70

60

50

40

Pe
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en
t

30

20

10

0
0 10 20 30

Same XUPRN, census and Health Card Registration System

Different XUPRN, census and Health Card Registration System

No XUPRN, Health Card Registration System only

No XUPRN, census or Health Card Registration System

No XUPRN, census only

40 50 60 70 80 90
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Fig. 2. Percentage distribution of Northern Ireland Longitudinal Study members by age according to XUPRN

status category, based on a comparison of XUPRN in the census and Health Card Registration System in 2011;

XUPRN is the anonymised Unique Property Reference Number.
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within the previous twelve months (15.7%) and residents of communal establishments

(21.8%). The minor inconsistencies in the variable totals were due to the ‘No code

required’ category in many of the census-based variables.

4.2. Longitudinal Analysis (2001 and 2011)

4.2.1. Descriptive Results

Descriptive results in Table 2 from the 2001- and 2011-based longitudinal analysis were

based on 334,670 NILS members with returns from both censuses. The distribution across

the four XUPRN status categories was: 246,506 individuals (73.7%) with a matching

XUPRN in the census and HCRS in 2001 and 2011; 28,661 (8.6%) with a matching

XUPRN in 2001 only; 41,338 (12.4%) with a matching XUPRN in 2011 only; and 18,165

(5.4%) with a mismatching XUPRN in 2001 and 2011. A matching XUPRN in both years

was more common among females and those born in the UK or Republic of Ireland (ROI).

Consistency over time in the following transition variables was associated with the highest

proportions in the category of XUPRN match in both years: being married; having an

LLTI; not having migrated in the twelve months prior to the census; and residing in

housing that was owned outright. For the category of XUPRN mismatch at both time

points, there were noticeably high proportions among individuals who migrated in the

twelve months before one or both of the censuses and those whose housing tenure changed

from rented in 2001 to owner-occupied in 2011. A large proportion of those who migrated

in 2001 only were in the category of XUPRN mismatch in 2001 only, as was the case with

reference to 2011. As with Table 1, the minor differences in the variable totals were due to

the ‘No code required’ category.

4.2.2. Multivariate Results

Results from the multinomial logistic regression model in Table 3 detail the multivariate

relationships with longitudinal XUPRN status for 243,088 NILS members in the 16 to 74

age group. Statistical significance of variables was widespread on account of the large

sample size so most attention is given to the size of effects. Address mismatch in the

HCRS was more prevalent among males, who were 2.2 times more likely to have a

mismatched XUPRN in 2001 and 2011 relative to matching XUPRN in both years. There

was a greater likelihood of address mismatch in both years for those aged 25 to 34 in 2001

compared to the 35 to 44 age group, with those aged 45 to 74 in 2001 less likely to have

a mismatched XUPRN between the HCRS and census. While the level of educational

qualifications and country of birth were not strongly associated with longitudinal XUPRN

status, Catholics had a greater likelihood of address mismatch in one or both years relative

to Protestants and other Christians. The variable capturing the frequency of address

changes in the HCRS between 2001 and 2011 was influential; compared to non-movers,

those who reported at least one address change were less likely to have a mismatched

XUPRN in 2011 only or both years relative to individuals with a matching XUPRN over

time. Furthermore, the category of XUPRN mismatch in 2001 only had extremely high

relative risk ratios, which is discussed further below.
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Clear patterns were evident for the transition variables. Those with an unchanged

marital status of single compared to individuals married at the two time points had a

greater propensity for XUPRN mismatch in one or both years relative to matching

XUPRN at both time points. Individuals with an LLTI in 2001 and/or 2011 and NILS

members in routine employment in 2001 and 2011 relative to professionals were less

likely to exhibit XUPRN mismatch in one or both years. There was a strong positive

association between migration and address mismatch, with those who made an address

change prior to each census at 14 times the risk of XUPRN mismatch in both 2001 and

2011. Housing tenure was influential, with renters and especially communal establishment

residents at both time points having a greater likelihood of XUPRN mismatch in both

years. Compared to the individual- and household-level factors, there was less variation in

the relative risk ratios for the area-level variables, with many close to the threshold value

of one. This indicates that from a longitudinal perspective, area characteristics were less

influential in terms of the determinants of address mismatch in the HCRS. There were

some noteworthy findings however, with rural relative to urban areas and having a census-

recorded address in Fermanagh in both years as opposed to elsewhere in NI generally

associated with a greater likelihood of XUPRN mismatch in 2001 and/or 2011.

The interaction of migration transition with age was investigated (see Supplemental

data, Table 1 found online at: http://dx.doi.org/10.1515/JOS-2018-0004). Compared to

older age groups, 16–24 and 25–34 year olds in 2001 who migrated in the year prior to

each census had a greater likelihood of consistent address mismatch relative to non-

movers. A further interaction of migration and housing tenure transitions indicated that

NILS members in rented accommodation who made pre-census residential moves were at

greater risk of XUPRN mismatch compared to those in owner-occupied housing.

The findings from the 2001 and 2011 cross-sectional logistic regression models of

XUPRN mismatch (see Supplemental data, Table 2 found online at: http://dx.doi.org/10.

1515/JOS-2018-0004) were similar to those from the longitudinal model of address

mismatch (Table 3). The former models revealed common characteristics associated with

address mismatch at each time point, namely males, young adults (aged 25–35) relative to

older age groups, single people compared to those who were married, pre-census migrants,

renters and communal establishment residents as opposed to those in owner-occupied

housing, and in terms of geography, living in Belfast or Fermanagh relative to elsewhere

in NI.

4.2.3. Residential Movement

The longitudinal analysis revealed 18,165 NILS members with an address mismatch in

the HCRS in 2001 and 2011. Of particular interest was whether this group made more

residential moves compared to those with a matching XUPRN in both census years. The

updates of address data from the HCRS every six months from 2001 to 2014 facilitated

analysis of the proportion in each of the four XUPRN status categories with a reported

address change at each time point. Figure 3 indicates little difference in the proportion

of individuals reporting an address change between 2001 to 2011 for the categories of

matching and mismatching XUPRN in both years, which suggests similar levels of

residential movement over the decade. The main explanation seems to be that individuals

who mismatched in 2001 and 2011 had happened to change address in the year before the
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respective census but not that they were more spatially mobile in general. The sharp peak

for those with a mismatched XUPRN in 2011 can be attributed in part to NILS members

who made a residential move prior to the 2011 Census, which was not reported to the

HCRS until after March 2011. However, this peak is somewhat inflated by a data cleaning

exercise undertaken by BSO during 2011 and 2012, which resulted in some non-genuine

address changes being recorded in the HCRS data provided to the NILS. Although the time

series begins in October 2001, the remnants of a similar peak associated with lagged

reporting of an address change to the HCRS is evident for those with a mismatched address

in 2001.

5. Discussion

This study provides a useful insight on an element of data quality in a key administrative

source and highlights the value of the NILS as a research resource. Of the individual-,

household-, and area-level factors associated with address mismatch in the HCRS, many

are intuitive and others less so. In general, the frequency of residential moves is highest

among young adults for reasons such as leaving home, pursuing higher education and

entering the labour market. In addition, this population group has a low level of

engagement with primary care services, thus increasing the likelihood of address changes

not being communicated to the associated administrative system. It is very likely that these

combined factors contributed to the high rates of address mismatch in the HCRS for the

20 to 34 years age group observed in the cross-sectional and longitudinal analyses. Those
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monthly extract of the Health Card Registration System (HCRS) from 2001 to 2014, according to longitudinal

XUPRN status; XUPRN is the anonymised Unique Property Reference Number.
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with an LLTI can be expected to engage with their general practitioner to a greater extent

compared to individuals in good health, thereby increasing the likelihood of maintaining

an accurate address in the HCRS (Shuttleworth and Barr 2011; Barr and Shuttleworth

2012). The greater prevalence of XUPRN mismatch among Catholics may be explained in

part by their geographical distribution across NI; rural relative to urban SOAs had a lower

likelihood of address match between the HCRS and census and both the former and SOAs

with a majority Catholic resident population are prevalent in the west and south-west of

the country. The often unforeseen movement of individuals into care-homes, hospitals

or prisons along with the transience of many communal establishment populations is a

probable explanation for the poor quality address information in the HCRS displayed

by individuals residing in this accommodation type. Regarding area effects, the address

referencing problem in Fermanagh appeared to exacerbate XUPRN mismatch, which was

more prevalent in this part of NI. Although records with an address in this area amounted

to just 1.5% and 1.9% of all NILS records with an assigned XUPRN in 2001 and 2011,

respectively, the Fermanagh effect may represent a wider issue with address formats and

referencing in rural parts of NI that warrants further investigation.

The 2011 cross-sectional analysis provided evidence of higher incidence of address

mismatch in the HCRS for those in households that deviated from the traditional nuclear

family structure. This is important as increasingly diverse households have become a feature

of modern society. For example, in the UK in 2015, cohabiting couples were the fastest

growing family type, accounting for 17% of all families, while 29% of households consisted

of just one person (ONS 2015c). These household types are also becoming more common in

Canada (SC 2012), the United States (USCB 2013), and several European countries (Sanchez

Gassen and Perelli-Harris 2015). In addition, multi-family and multi-generational

households are becoming more numerous (ONS 2015c; Fry and Passel 2014). For

cohabiting couples without dependent children and single-person households in particular,

there is likely to be greater scope for residential movement and, consequently, their address

information to be out-dated in administrative systems. In the context of NSIs using

administrative sources to inform population statistics, the frequency of engagement by

particular population groups with the administrative system(s) in question is a key

consideration regarding address information accuracy. Indeed, the increasing complexity of

household structure presents a challenge to NSIs when conducting a census irrespective

of whether they continue with a traditional approach or adopt a method more reliant on

administrative sources. Households are a fundamental observation unit for population

statistics; therefore, the potential of administrative sources to provide an insight on household

structure should be explored so that NSIs can define households accurately and appropriately.

Student households were shown to be problematic in terms of their residents

maintaining accurate address information in the HCRS; a contributory factor is likely to be

the highly mobile nature of student populations (Duke-Williams 2009; Finney 2011).

Areas around higher education institutions are subject to considerable population turnover,

including inflows of new and continuing students in line with the academic year and

outflows of graduates pursuing employment or further education opportunities elsewhere.

This group present challenges for the production of high quality population statistics. For

example, there were specific questions included in the 2011 UK Census to determine the

appropriate address at which to classify a student as usually resident. Furthermore, the
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methodology underlying the estimation of annual internal migration flows in UK

constituent countries now incorporates higher education data to provide more accurate

student address information (NISRA 2016b; ONS 2016). Regarding health register data,

students are infrequent users of primary care services, which compounds the problem of

address inaccuracy. In using secondary data such as health registers to produce population

statistics, it is prudent for NSIs to incorporate supplementary sources that provide better

quality address data on highly mobile groups such as students. Furthermore, these findings

highlight the importance of addressing key areas of weakness in administrative sources

when used by NSIs to augment or replace a traditional census; a robust statistical system

drawing upon administrative sources should seek to improve the quality of the source data.

During the 2000s, international migration to NI experienced an unprecedented surge,

with around 122,000 immigrants estimated to have arrived in the country over the decade.

European and North-American studies have shown that the propensity to migrate

internally among immigrants is greatest for recent arrivals to the host country (Reher and

Silvestre 2009; King and Newbold 2011), which is relevant in the context of maintaining

accurate address information in administrative systems that immigrants interact with. In

general, this study did not find a greater prevalence of address mismatch in the HCRS for

NILS members born outside the UK or ROI compared to the native population. A possible

factor is that the vast majority of immigrants were from Poland and Lithuania (Krausova

and Vargas-Silva 2014); there is evidence of the former developing strong ties with their

place of residence after being most internally mobile in the initial stages of their

immigration to the UK (Trevena et al. 2013). As immigration to NI increased steadily from

2000 before peaking in 2007, it is likely that a large proportion of this population group

had settled in residential terms by 2011, thus providing greater scope for having accurate

address information recorded in the HCRS.

Many of the determinants of address mismatch in the HCRS indicated by this study

exhibit a strong relationship with residential mobility and, consequently, internal

migration. This is unsurprising since all of these phenomena are intertwined. Males, young

adults, individuals who are single, those in good health and professionals have been shown

to be more residentially mobile and migrate internally to a greater extent (Owen and Green

1992; Bailey and Livingston 2007; Champion et al. 1998; Finney and Simpson 2008);

these characteristics also exhibited a positive relationship with XUPRN mismatch in the

HCRS. A number of the aforementioned factors are also relevant in the context of census

under-enumeration. The issue of nonresponse when conducting a population census is

most pronounced among the likes of young adult males and residents of single occupant

and student households (Rahman and Goldring 2006; Martin 2010); likewise, these had a

higher likelihood of exhibiting XUPRN mismatch. For NSIs planning to supplement their

traditional census process with administrative data, it will be important to consider these

individual and household characteristics not just in terms of the hard-to-enumerate

population but also where address information in the administrative sources will be drawn

upon for specific purposes such as informing an address register or data linkage.

Having migrated in the year prior to each census was strongly associated with address

mismatch in the HCRS, based on the main effect and interactions with age and housing

tenure. As migration is a continual demographic process, a cohort with questionable

locational information persists, which needs to be accounted for when using address
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information in health register data in the population statistics production process. Another

interesting finding from the longitudinal analysis was the similar levels of residential

mobility between individuals with a mismatched XUPRN in 2001 and 2011 and those with

a matching XUPRN in both years. A reasonable initial hypothesis would have been more

residential movement by the former group. Along with the post-census peak in address

changes recorded in the HCRS for individuals with a mismatched XUPRN at census time, it

reaffirms the existence of a cohort who persistently lagged in reporting or failed to report an

address change to the health register, as observed by Barr and Shuttleworth (2012) and

Shuttleworth and Martin (2016). For mobile population groups such as young adult males

who are more prone to address inaccuracy in administrative systems, the longitudinal

structure of the NILS would facilitate investigation of the extent to which address

information at a point in time could be used to infer accurate address data at a previous

juncture.

The comparable findings from the longitudinal and cross-sectional models suggests that

it was the status at the time of census enumeration and not necessarily the 2001 to 2011

transitions that contributed to address inaccuracy in the HCRS. Therefore, the latter models

were sufficient to gain an understanding of the factors associated with this aspect of data

accuracy in the administrative source. Nonetheless, the longitudinal model was a novel

extension of the approach adopted by Shuttleworth and Martin (2016) in their 2001-based

study and was appropriate for the inclusion of the variable based on the frequency of

address changing in the HCRS over the 2001–2011 period, which proved to be an

influential factor. In this regard, the extremely high relative risk ratios for the category of

XUPRN mismatch in 2001 only warranted further investigation. From the raw data, 74%

and 15% of this cohort reported 1–2 and 3 or more address changes, respectively, to the

HCRS over the decade; the corresponding distribution for the XUPRN mismatch in 2011

only group was 35% and 7%, and 29% and 7% for those mismatching in both years. This

suggests a prevalence of address changing prior to March 2001 within the XUPRN

mismatch in 2001 only group that was not reported to the HCRS until after the 2001 Census.

The extent of address mismatch in the HCRS has implications for the statistical

application of this administrative source. National health registers elsewhere are likely

to experience similar data quality issues, so while the potential impacts are described

primarily in a UK context, they are relevant to other countries. The quality of internal

migration estimates, based largely on address changes in health register data, is affected by

address inaccuracy. Internal moves are missed or lagged where individuals fail to report a

change of address or a period of time elapses before doing so. As this component greatly

influences population size and composition at local level, inaccurate address information

in the health register underlying the estimates affects the quality of annual subnational

population estimates; this is important given the widespread use of these data, which

includes informing the allocation of funding from central government to local authorities,

councils and health bodies. For the next England and Wales census in 2021, there are

a number of broad uses of administrative data proposed. These include using activity

information to enhance the estimates of the size and location of the population (ONS

2015d); health registers are likely be a key source in this regard based on the successful

use of HCRS data for the 2011 Census under-enumeration project in NI (NISRA 2015).

Furthermore, in countries where the traditional census is discontinued, administrative
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sources such as the health register are likely to have a key role in the production of

population statistics. Record linkage between data sources will be a fundamental aspect

of this alternative approach, which typically uses address information along with name

and date of birth as linking variables. Address inaccuracies in health register data could

therefore adversely affect the matching quality achieved in record linkage processing.

An important aspect underlying this analysis is the increasing difficulty in referencing

individuals to a single address. Features of modern society such as second addresses for

holiday, work or study purposes and fragmented family structures causing shared custody

of children result in individuals residing at more than one address. This was acknowledged

in the 2011 Census of England and Wales, with ONS releasing statistics based on

alternative population bases, namely the out-of-term student population and usually

resident dependent children with a parental second address (ONS 2014b, 2014c).

Therefore, genuine address inconsistencies between census and administrative data

sources can exist. The extent to which this contributed to the XUPRN mismatch between

census and HCRS data observed in this study is unknown. However, it is one of many

challenges for NSIs that move away from a traditional census in favour of a methodology

based on linked administrative sources.

6. Conclusion

This study took a novel longitudinal approach, facilitated by the NILS, to investigate

the extent of address mismatch in a key administrative source and the associated factors.

Our findings provide evidence of the commonalities with internal migration, residential

mobility and hard-to-enumerate groups from a census perspective. Currently, health

registers are used by numerous NSIs to inform the ongoing production of population

statistics. In addition, given the apparent discontinuation of the traditional census in many

countries, these and other administrative sources are likely to be fundamental to the

generation of population and census statistics in the future. While national health registers

are a valuable statistical resource owing to their high population coverage, this and other

studies have shown the quality of their record-level address information to be impaired for

certain population groups. It is important to further improve understanding of quality

issues in this and other administrative sources that are likely to underpin official statistical

systems in the future. Many of the limitations of administrative data such as

undercoverage and lags in updating are acknowledged in the context of their application

for statistical purposes. Indeed, some NSIs incorporate additional administrative sources

to address specific shortcomings. However, it is prudent to build upon existing research

on administrative data quality; effective methodological improvements can then be

developed and implemented to ensure that official statistics generated from these sources

are fit for purpose and sufficiently accurate.
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