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Feasibility Study: Selective Editing

Abstract

This report forms part of a feasibility study todarthe implementation of selective
editing across Statistics NZ and the Official Stids System, under an OSRDAC
research programme. It provides a review of tHaiploed literature on selective editing
methodologies and key aspects of current internakibest practice. The key features
and cost benefits of the approach are detailedjaloth discussion of some
implementation issues. As a preparatory stagthodevelopment of an implementation
strategy, this review goes on to outline a broaelcsiee editing framework which is
intended to be general enough to apply acrosssstatNZ surveys. A number of
recommendations have been made based on the exigenaded in the literature
review, along with some suggested foundationalrasdarch questions for future
consideration.
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Terminology

The terminologies used in published works on thysd are often inconsistent.
Therefore, the key terminology used in this reviswnade explicit below:

Term Definition

Survey process by which data is collected, e.g. survey
guestionnaire or administrative return

Unit/Provider an entity that supplies data for a survey

Variable output (e.g. statistic) derived from a survey

Item a single entry in a survey, e.g. question or return

Unit record entire survey return provided by unit

Response data provided for a single item in a survey

Outcome an output from a survey, e.g. survey variables or

individual unit responses

Cell/domain a level of aggregation across units (e.g. by megio
industry, HS code)

Non-response unit fails to respond to survey
Partial non-response unit fails to respond to some survey items
Editing process by which possible and certain errors in

responses are identified and streamed for
amendment/imputation

Amendment procedure (usually manual) to adjust identified
errors, e.g. by manual recontact or review

Imputation procedure (usually automatic) for adjusting unit
responses which are either missing or possibly in
error

Edit rule condition used to detect missing, invalid and

inconsistent unit responses, sometimes called edits

Edit model culmination of all edit rules, indicating acceptan
region for responses

Fatal edit rules indicate responses which are certainly in err@, e
a failed range check (age must be positive value).
May include (partial) non-response
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Query edit rules

Micro-editing

Macro-editing

Input editing

Output editing

Expected amended
response

Expected amended
variable

Local score

Global score

Hit rate

Selective editing

Significance editing

Official Statistics Research Series, Vol 1, 2007
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indicate responses which are possibly in error

editing towards validity or consistency of indiul
unit responses, based on only current unit's
response, plus maybe auxiliary information, but not
usually another unit’'s responses

editing towards validity or consistency of indiul

unit responses, based on the responses of a number
of units. For example, checks on survey variables
over the whole database of records or over difteren
domains

editing carried out at data collection, input and
processing stages, often same as micro-editing

editing carried out after data processing stage,
based on analysis of many units/responses, often
same as macro-editing

estimate of item response not necessarily coorect
final (amended/imputed) value

estimate of survey variable, not necessarily correc
or final (amendment/imputation) value

a gquantitative measure used to prioritise a unit
response for editing

a quantitative measure used to prioritise a entire
unit record for editing

proportion of responses considered for editing tha
were found to be in error

procedure by which the amendment/imputation of
responses which are likely to be in error and have
impact on survey outcomes are prioritised

selective editing where prioritization is basedios
estimation of impact of correcting the error on the
survey variables
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1. Introduction

This document forms part of a feasibility study &vds the implementation of selective
editing across official statistics agencies, urate©OSRDAC research programme. The
OSRDAC Research Programme has been establishfd¢bafundamental shift in the
way New Zealand's official statistics are colle¢tdidseminated and used. The centre is
one component of a cross-state sector initiativa&rengthen official statistics to obtain
the most value from Government's investment inssieal activity.

Improving the efficiency in the editing of surveynsus and administrative data is one of
the key statistical issues that Statistics NZ (SNZurrently facing. Effort needs to be
focussed on errors that are obvious to users ahdigr a significant impact on the

survey outcomes. To this end, the organisatiodsie@consider implementing efficient
editing techniques, such as selective editing, ehieese are not already in place.

The feasibility study aims to consider the keyiin&tional best practice in selective
editing and its applicability to SNZ, and across @fficial Statistics System (OSS). The
study consists of three projects running in tandeioroad scale but focused review of
the published literature on selective editing mdtiogies and key aspects of current
international best practice (detailed in this rép@nd two case studies on an
implementation for Overseas Trade and Quarterly IBynpent Survey data.

This review document focuses on the broad prinsiplederlying the methodology,

rather than specific details about particular impatations (e.g. comparisons of score
functions is not undertaken). The motivation faplementation of selective editing and
the key costs/benefits are outlined. The key featof the approach are detailed and
some implementation issues discussed with potaesalutions where available. The
review outlines a broad framework for implementatichich is hoped to be sufficiently
general to apply across SNZ surveys. The framewmkides for selective editing to be
integrated alongside alternative (usually existiedjfing processes in a cohesive manner.

The two case studies provide datasets of quitereifit data types and structure, with
very differing issues which impact implementatiorhey aim to provide a valuable
insight into the sorts of issues involved in moidegpread implementation. Both of
these case studies have historical data availaliheetm (which are reasonably temporally
consistent with good sample frame overlap). Hetie®y will not expose issues
associated with one-off surveys or where the respoare harder to predict/impute.
However, these issues are discussed and resolutibese available, are detailed.

The time-scales available for this project limihs@eration of many aspects of selective
editing and it's interaction with related fieldk particular, this review does not aim to
compare selective editing to alternative methodekgAt this stage it is inappropriate
for the author to consider the practical/strategipects associated with implementation
across SNZ and there is no discussion of transitiomplementation issues. The issue of
imputation, which is often sensibly integrated igemeralized editing and imputation
framework (Granquist, 1995), is not considereds #ssumed that once the editing
strategy has been defined, and if imputation isired, that one of the many off-the-
shelf imputation procedures can be implementece aMailability and applicability of
software/database systems for implementation havbeen considered. The limited
time-scale of this review has also not allowedweng of graphical editing techniques.
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1.1. Structure of Report

Section 2 provides a short historical perspectig raotivation for selective editing.

The selective editing methodology is outlined imsadetail in Section 3, along with its
key benefits and drawbacks. Some of the main sskube considered when
implementing the methodology across surveys af@gedtin Section 4, with suggested
resolutions where applicable. The main body ofrépert is then rounded up with an
outline of the general framework for implementatammoss Statistics NZ surveys in
Section 5. A number of specific recommendatiomsdsues to be addresses during any
future implementation are outlined in Section 6lisAof references used in the report
and some supplementary material related to thetsedeaditing are provided.

Official Statistics Research Series, Vol 1, 2007 7
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2. Background

The Knowledge Base on Statistical Data Editing (&8) define editing as the “process
of detecting and handling errors in data”, whichsists of 3 phrases:

« definition of a consistent system of requirements,

e their verification on given data, and

e elimination/substitution of data in contradictiohdefined requirements.
The aim is usually to provide, in a timely manredataset which has reached a desired
quality standard, in terms of completeness ancectress, making best use of resources.

Editing can broadly speaking be broken down into telatively distinct types. Firstly,
micro-editing (often called input editing) focusew detecting and adjusting data at the
unit response level. It is often desirable fornmHiediting of a unit response to be
independent of other units within the current syregcle. The micro-edited data are
typically then passed on to a macro-editing (ofteltked output editing) process, focused
on errors which impact on statistics produced atestevel of aggregation across a
number of units. Macro-editing is normally carraat at the domain levels by which the
survey outcomes are reported and will often loakefoors which cannot be detected at
the micro unit response level. Selective editing loadge the gap between micro and
macro-editing, as unit responses are subject tmgdsuggesting micro) but a common
aim is to prioritize errors which impact on thevay outcomes (suggesting macro).

Edit rules are usually defined as logical condsiom check whether a unit response is as
expected, missing, in error or a suspected outliére combination of all the edit rules
(often just called edits), is called the edit mod€he edit model defines a form of
acceptance region for unit responses. A unit nespohat fails at least one of the edit
rules is said to be outside of the current edit @hodt is quite common for edits to be
categorised into two types, e.g. fatal edits (vBljcconsistency, range checks, etc.) and
query edits (indicating suspicious responses).rd’ hee many alternative (finer scale)
edit classifications which are discussed by Grast(995).

2.1. Historical Perspective

The traditional view of editing, where more editistgpuld lead to improvements in data
guality, has been shown by numerous studies tadmerect (Granquist, 1995 and
1997a). Editors had long believed that more exterend detailed edits should lead to
cleaner data and therefore better quality surveéyuts. However, the traditional editing
process, where all edit failures are re-visitedi@ly by manual amendment) cannot be
justified on the grounds of improved data qualdy & number of reasons, including:

* Uneconomic — cost in terms of work-hours not juestife for benefits gained

* Timeliness — delays in publication

« Overediting — data being edited to such an extettliias and other errors are
introduced, e.g. data changed to fit edit modebgkm as “creative editing”)

» Diminishing quality improvements — largest improwrhin survey outcomes
often achieved by small number of changes to higtflyential units/responses,
with rest of effort providing little extra improveant.

There are also many intangible costs to this ovineggd for example respondent burden
(in the case of recontact). Further, the amoumnésdurces put into traditional editing
often provides users of the survey data with urmugidence in its quality. These issues

Official Statistics Research Series, Vol 1, 2007 8
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are discussed in detail in the excellent reviewsdifing practice by Granquist and
Kovar (1997) and Granquist (1995 and 1997b), afeterace therein.

In the traditional editing process, wherever pdssiéll units outside of the edit model
are either manually recontacted or at least manuadiiewed, to confirm or amend the
response data. Itis rather crudely assumed siréipiort, as is often the case, that the
responses will be correct after manual recontact.

Engstrom and Granquist (1999) suggested thatdnsmon for the first 10-15% of the
most influential traditional edits to provide 90%atotal improvement in survey variable
estimates, with the first 5-10% typically bringitige estimate within 1% of final
published value. Further, the hit rates for tiadil edits are typically as low as 20-30%.
Given this level of performance and that editinggoftakes up around 20-40% of total
survey costs (excluding intangible costs like regfamt burden, timeliness, etc), see
United Nations Economic Commission for Europe (UNE-2000) and the UK Office of
National Statistics (ONS, 2004), it is not surpristhat traditional edit processes are
often considered uneconomic in terms of the quatifyrovements that they attain.

These issues were highlighted particularly wethie@ World Fertility Survey (WFS), see
Pullumet al..(1986) for a full discussion, where publicationsielayed by about a year
due to the extensive editing that was carried wiih a post-survey analysis showing
little of the editing provided substantial gainssurvey outcomes.

The report on the WFS was also critical of the latkonsistency in the level and detalil
of editing being carried out in several countridggie WFS experience also suggests that
the edit specifications/guidelines should be prigaéd as part of the analysis plan and
they should be consistent with survey objectiva#) editing staff well trained,
motivated and organised. Across a large orgaoisaitnvolved in many different
surveys, it is often desirable to define a genedéing framework to ensure some level
of consistency in the editing choices and procesitivat are undertaken, which can lead
to comparative quality assurance standards foregusutcomes. For example, both
Statistics Canada (2003) and the Australian Buoé&tatistics (Williamset al, 2000)
have collated guidelines for their editing and ingpion processes. Further, for periodic
surveys where the change in survey variables awveris important, the consistency in
the editing process can be just as important asecos over accuracy.

The lack of formalized procedures for data editiag lead to ad-hoc decisions being
made which can lead to bias in survey variables. ekample, manual data editing can
lead to data being changed to fit an edit modetédled creative editing), or can be slow
to respond to actual changes in unit circumstanEesmalization is a valuable feature,
but so is transparency. Transparency can alloviutare re-evaluation of survey
variables or unit responses and the edits apphid¢ideim. If database systems allow, there
is also opportunity to rollback editing, and evaiom of the impact of any new editing
strategies on the past survey variables/unit resggnEnd users may also benefit from a
transparent editing system, so as to understangiuéy level of the survey and its
limitations.

Official Statistics Research Series, Vol 1, 2007 9
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2.2. Motivation

The “New View on Editing” proposed by Granquist 9¥9) is to move away from
focusing effort on cleaning data as much as passiimprove quality, to targeting
editing resources on the responses which haverdatast influence on the survey
outcomes. In parallel, data on the edits undenakeuld be collected, stored and
analysed to highlight possible quality improvementthe editing process but and other
parts of the whole survey process. Thus causpeyadigm shift from “error detection
and correction” to “error prevention”. Essentiadlgiting should be moved to as early in
the survey process as possible.

In particular, the editing process should providsasures by which to monitor
performance and to highlight common error typesyrses and distributions, which can
be feedback to improve processes like survey dedaja collection, and data
imaging/entry. Further, the collection of datatbe edit process (from now on called
edit data) provides for an audit trail and to prmglquantitative measures of performance
(in terms of efficiency and effectiveness) and diasgjics for process improvement.

The new view on editing essentially sees sele@diBng as one component in a total
quality management (TQM) of surveys, and that tlee@ss should provide tools for
continuous monitoring, evaluation and control. ddre and Trewin (1989) discuss the
issue of optimal allocation of resources acrossmhele survey process to minimize
survey errors. However, this report is going tou® on resource allocation within the
(selective) editing process.

One of the main aims of selective editing is taufediting resources on the most
important response errors, without substantiveipmmmising the quality of the survey
outcomes. Thus ensuring that the data is of seffiqquality (in terms of conformance
and design) for the (present and future) end ubetsjoes not waste resources on
unimportant errors which could better be spentnmproving quality in other parts of the
survey process (e.g. more macro editing). Thedadd can also provide valuable
information to end users on what amendments/imjusithave been carried out and the
reasons why, potentially allowing them the oppaitiuto re-evaluate those decisions.

In general, selective editing allocates every tesponse, which is possibly in error, a
number (score), which measures the relative impoet@f that possible error on the
survey outcomes. The score provides a way toips@ethe editing of unit responses,
possibly leading to a ranking of the most importamits to be subjected to
amendment/imputation. Typically, selective editisgised to define a critical stream of
edits (score above some threshold value), whiclt beisompleted (manually or
otherwise), before publication of survey variabl@$ie non-critical edits (score below
the threshold) can then be either automaticallieddimputed) or even left unedited,
whichever is appropriate. In this way, selectidéieg provides a general framework for
allocating editing resources to units which havesmmpact on survey outcomes.

Official Statistics Research Series, Vol 1, 2007 10
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Most selective editing implementations require dhly current unit’s responses (plus
auxiliary information from past surveys) on whichidase the decision as to whether they
need to go into the critical stream, as the thresisousually known beforehand.
Therefore, the editing can be initiated as sodihaslata is received, which in time

critical applications is important. The main draeks of using predetermined cut-offs in
selective editing are that the editing workload eary, as can the benefit achieved
(Farwell, 2004).

The potential resource savings over traditiondimgliapproaches can be large, but will
depend on the survey. For example, Granquist (2§i0Bs examples of surveys where
only 35-50% of recontacts are required after sele@diting, and that the resource saved
can often be 50% or more.

Selective editing has been shown to be very effedtr continuous (quantitative)
variables, particularly those with non-uniform (alegl) error distributions where a small
number of errors which are large in magnitude lhedargest impact on the quality of
survey outcomes, Latouche and Berthelot (1992)ecBee editing is mainly applied to
guantitative responses as there are natural médrickefining the magnitude of the
response error and therefore its impact on theesusutcomes. However, there is often
no natural metric for error magnitude for discr@ategorical, ordinal, etc.) data which
are common in social surveys. Hence, generatsupee for ranking is rather more
challenging, or even impossible. Editing for thipd of data is generally carried out
using alternative often more traditional techniqueeg. Fellegi and Holt (1976) edit and
imputation. In Section 4 a suggested route fovipiing simple score for discrete
responses is discussed.

The focus of selective editing is on prioritisifgetediting of unit response errors which
are likely to have a large impact on the surveygontes. There is no particular focus on
achieving good unit recorgeer se If the quality of the individual unit recordsas

critical survey outcome then other micro editinght@ques should be considered.
Selective editing does not necessarily provideetieor with an indication of which is
likely to be the incorrect item(s), i.e. the ermealization problem, which is particularly
important for surveys with many key items. Ermedlization tries to find the minimal
set of edits that is required to ensure the ucineis within the edit model, to preserve
as much of original data as possible. The integraif error localization within selective
editing is still an open question and is beyondsitape of this review.

The following section provides an outline of thengeal selective editing methodology,
which is followed up by a discussion of some of itte@in issues encountered upon wider
implementation. In common with most editing roytesective editing performs well for
many types of survey (including administrative aedsus data) but particular
characteristics which improve likelihood of success periodic surveys (or those with
historical data), where the survey itself and tamdnput/processing do not change
substantially over time, where there is a good darfname overlap and when
responses/variables are reasonably predictable.

Official Statistics Research Series, Vol 1, 2007 11
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3. Selective Editing

The concept of “selective editing” has been ardiananany years, with the one of the
earliest published accounts of an application fiziaf statistics by Latouche and
Berthelot (1990, 1992). Many variants of selecedding have been proposed by a
number of organisations sometimes under differamtes, e.g. “significance editing”
from the Australian Bureau of Statistics (ABS - lrance and McDavitt, 1994 followed
by Lawrence and McKenzie, 2000), “plausibility iodiors” from Statistics Netherlands
(Hoogland, 2002 and 2005).

However, most variants have the common goal ofripisong the editing of unit

responses based on some form of scoring funcfitve score provides a measure of
importance in terms of the need to allocate ressutg edit the associated unit response.
In general, the editing workload is focused on ¢éhosit responses which have failed edit
rules and have the largest impact on the survegoouts (usually key variables). This
section provides an outline of the general seleatiditing methodology, followed by
discussion of some of the key variants.

Selective editing has been implemented by manyseasrofficial statistical agencies,
including; UK Office of National Statistics (Hed]i@003); Australian Bureau of
Statistics (Lawrence and McDavitt, 1994), Statsstietherlands (Hoogland, 2002),
Statistics Sweden (Granquist, 1995). Some of #%¢ jractice guidelines used at these
organisations, discussed in published literatuee atso outlined below.

The key stages in selective editing are typically:

1. Identification of key survey variables and items aiser requirements

2. Identification of in-scope responses (error analysdit model, prior editing)

3. Scoring (at unit response and/or unit level)

4. Prioritisation (ranking of important errors usingpees)

5. Threshold selection and streaming (which are thstimnoportant errors).
The following subsections provide an outline ofsthstages. Following the streaming of
errors comes the amendment/imputation stage, wicht within the remit of this
report. However, a key feature of best practidaas any amendment and imputation
should be consistent with the edit model and sgorin

3.1. What are key survey items/variables?

One of the first issues to be discussed when censglimplementation of selective
editing is what are the key variables and itemihefsurvey, as these will used to judge
the quality performance of the survey to ensurdttiseemeeting the needs of its end
users. Some things to consider:
i. How important are individual unit responses?

ii. What are key survey variables?

iii. What are the key items the variables are based on?

iv. What are key domains (level of aggregation)?

v. Which variables are poorly estimated (have highavae)?
The answers to these questions are often guidégebypinion of subject matter experts,
including survey users, and analysis of the suresponses/errors. They have a direct
impact on the score functions to be developed areligformation on what edit rules are
most important.

Official Statistics Research Series, Vol 1, 2007 12
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Some careful thought should be given to questitsit.just the survey variables that are
important? Or are there other (future) uses otiteresponse data? What is the impact
in user confidence of remaining errors? Shouldribdezidual responses at least be
(automatically) edited to ensure all serious (Jatglits are passed? Or will this lead to
overediting?

If the key survey variables can be broken down ditierent levels of aggregation
(domains), are all levels equally important? Iftafiesponses are scored at different
levels of aggregation, how should the edits berjised between/within levels? What
should be done with small cells, should all editfas be subject to
amendment/imputation? Are the edit resources duithstributed across cells?

The final question encapsulates issues like whestables are difficult to estimate, low
response rates, small cells, etc. If a variabgeahhigh variance, so is difficult to
estimate, then it may need to receive higher pyiori

3.2. Edit Rules

In many implementations of selective editing the& sudel plays vital role in ensuring
its effectiveness. In general, selective editithgcates a score to every unit response
which has failed an edit rule. Howevan edit model is not necessarily requiredscore
can be assigned to all unit responses. The ssdhen used to prioritise the editing of
those responses. Errors outside of realm of eddainwill therefore not be edited.
Therefore, selective editing requires a good setdfrules to work effectively.

Consistent with the selective editing methodoldgeg, focus of the edit model should be
to highlight all errors which have a serious impacthe quality of survey outcomes. A
balance need to be struck to between the metidyldesign of edits to detect all
possible errors of interest and not being too ameteading to detecting unimportant
errors. The idea is define a minimal set of ediés which define an acceptance region
for responses. The edit rules must be accessiblé¢ransparent (all explicit and implicit
conditions noted and recorded) to ensure they edunlly understood and their
limitations acknowledged, in particular by futuredeusers.

For a new survey the edit rules should be defirspagusubject matter expertise,
thorough error analysis, feedback from other pairsurvey process (primarily editing
and imputation) and an understanding of user quadguirements. For existing
(periodic) surveys, an edit model is usually a\ddabut should be regularly re-evaluated
in light of possible change in editing quality fecw ensure it is still being effective, due
to changes in population, survey design, data ciodie and input, etc.

In order to provide an audit trail for the edit pess it is useful to record the edit model at
the time the data is processed. Further, end usaysalso wish to know the edit rules
applied to a survey, so this can be evaluatedl@dhipact on their study assessed.

Edit rules are often written on a survey by surigagis. Williamset al. (2000) surveyed a
number of large statistical agencies and found mitem had no general guidelines for
development of an edit model. The main exceptimnsg Statistics Canada who have a
comprehensive set of guidelines (Statistics Car2@a3) and the ONS who have a
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standards and quality assurance team which maguliing practices and have
developed BLAISE modules which encapsulate thaimdsrds.

In some survey situations it may be possible tanéefdit rules to capture problematic
error types which would usually only be capturethatmacro editing stage, e.g. inliers
(see Winkler (1997) and Mazur (1990) for discussiod examples).

3.3. Editing Prior to Selective Editing

Although some score functions have been designeddrcome issues like partial or full
non-response (e.g. Latouche and Berthelot ,1998)urst to serious errors which have
usually failed fatal edits (typically those thavbdailed scope tests, validity, consistency
or range checks), it is fairly commonplace for sqrhaot all) of these types of edit
failures to be subject to initial editing priordelective editing, either automatically or by
manual amendment (including keying staff on dataygn For example, Latouche and
Berthelot (1990, 1992) followed up all non-respobgenanual recontact and did a
minimum follow-up for partial non-response to emsstirat the in-scope status of the units
could be assured. Hoogland (2005) suggests obeioass like values reported in $'s
rather than $000’s can often be automatically adgubefore further editing. Thompson
and Hostetter (2001) state that the US Bureau as@e(USBC) manually rectify all

fatal edits (e.g. partial non-response) beforecsigke editing of their quinquennial
economic census.

An interesting example of initial editing is proeid by Lawrence (1999) for the ABS.
For the Survey of Employment and Earnings all repgrunits were allocated to
hierarchical streams (definitions slightly modifitmat consistency):
Permanently nil and defunct units
New units
Continuing units within edit model
Continuing units which failed a fatal edit
Continuing units which failed a query edits, whisHurther split into:

a. Units where resolving query edit is expected tcssautttially impact

variables

b. Otherwise.
Clearly, some units may satisfy the conditionsgf@rumber of these streams, if so, they
will be allocated to the highest ranked streamred®hs 1 and 3 are not subject to editing.
Stream 2 is subject to close scrutiny (full trazhtal edits), so are out of scope of the
selective editing. However, in a private communaaFarwell has stated that ABS has
since shown, for this survey, that excluding the naits from selective editing was not
necessary. Stream 4 is subject to (manual) edifiiiys only stream 5 is subject to
selective editing, giving the final critical andmoritical sub-streams.

akrwnPE

It is certainly sensible to remove response emdnigh may lead to significant biases or
even prevent the selective editing procedure workiffectively. Granquist (1997b)
suggested that if fatal edits are included in #ledive editing process, then they should
always be automatically corrected, even if notqiiged to be in the critical stream. One
of the key reasons for this suggestion is thatethyses of errors are usually easily
noticed and would reduce user’s confidence in #ita dnd would often lead to many
users running their own error corrections routingsich is wasteful of resources.
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The decision about what form and extent of angrtif) initial editing depends on a
number of factors, including:

1. survey design and type

2. data collection, input and storage

3. existing edit processes,
for the obvious reasons. If there are efficiertt affective routines available to deal with
some of these errors then it makes sense to use tHewever, if the initial editing is
resource intensive then it may be sensible to tnyae whether they can be superseded
by the selective editing process.

Although selective editing may supersede manyticauil forms of editing, it is still best
practice to use whatever form of editing makes béase of available resources
(Sutcliffe and Farwell, 2005). Therefore, if afi@ént and effective editing process is in
place which can handle the important errors thehaould be used. Further, selective
editing is not effective in all situations, seeatission in Section 4, so some traditional
editing routes may still be required, for examplén&ndle categorical variables.

3.4. Focus on Influential Errors

Latouche and Berthelot (1992) were amongst theduthors to propose the “use of a
score function prioritise and limit recontacts diteng”. However, there are forms of
selective editing which do not explicitly requireosing techniques, e.g. classification
into streams using logistic or classification aadression trees (Breimatal, 1984) as
discussed by de Waal (2002). However, by far tbetrocommonly used techniques use
scoring so they will be expanded upon here.

Latouche and Berthelot (1992) examined a periodsiress survey and defined three
score functions at the unit level to provide sowrenfof metric for how far a particular
unit’s responses are away from the edit model. &iemodel essentially suggested the
responses usually do not change substantially lestwerveys. These score functions
did not explicitly measure the impact of the erronsthe survey variables. However, the
impact on the survey variables was used to sefttkaming threshold.

The term significance editing has been coined byABS for a key variant of selective
editing, see Lawrence and McKenzie (2000) and eefezs therein. This term is
generally used to indicate the use of score funstwhich directly quantify the impact of
the errors on the survey variables. To be moreiggdhe score is typically an estimate
of the impact of resolving the edit queries onghevey variables. However, there is
some confusion over the distinction between gersslakctive editing and significance
editing within the published literature.

Latouche and Berthelot (1992) did not provide aegahframework for construction of
score functions (which is still an open researcbstjon). However, they did suggest four
features that the unit scores should take intowato@lightly modified for consistency):

1. Importance (usually size) of the responding unit

2. Magnitude and influence (impact) of suspicious ceses

3. Number of suspicious responses

4. Relative importance of items or variables.

Official Statistics Research Series, Vol 1, 2007 15
www.statisphere.govt.nz/osresearch




Feasibility Study: Selective Editing

Granquist (1997b) defined a similar set of critéhat the scores should quantify:

1. Weight of record

2. Potential impact of error

3. importance of flagged item/variable.
It is clear that most these sets of criterion @@alent, the only exception being the
number of suspicious variables which is explicttgfined by Latouche and Berthelot
(1992). However, this exception can be implicghcapsulated in the potential impact of
error criterion from Granquist’s definition.

Before continuing discussion of score functionss iiseful to consider the difference
between magnitude, influence and impact of err@itse magnitude of an error is simply
a metric of its size (usually estimated). Theuafice is a measure of importance of
response/unit in determining, say, the survey éggm The impact of the error is then a
measure of the combined magnitude and influendb@survey variable. It is often
useful to think about these three concepts separdtinfortunately, their distinction is
somewhat blurred in the selective editing literatuA classic reference in the regression
context is Cook and Weisberg (1982).

In many survey situations the size of the respandmt (1) will be a useful proxy for the
influence of that unit on the survey variables, leeger units tend to have larger impacts
on variables. It is also clear that often the nitagie of the response error, or more
precisely, the magnitude of the effect of the eamthe survey variables may also be
important. The units with a high number of ediluies may also warrant prioritisation.

The final feature for prioritising edits is theatVe importance of the survey items or
variables themselves. This would normally be defiby subject matter experts, or end-
users, but would encapsulate issues like the viityatf the survey variable estimates
(survey variables which are more difficult to esttenshould receive higher priority, e.g.
cells small in size or with low response rate).

3.5. Score Functions

The score assigned to each unit response is tiypacélinction of some, if not all, of the
criterion outlined by Latouche and Berthelot (19%t)her explicitly or implicitly,
henceforth denoted the score function.

Hedlin (2003) categorised the score functions ino broad classes, “estimate related”
and “edit related”, or a combination of both. Tstimate related scores provide a
measure of the “predicted impact” of the unit resges error on the survey variables,
which do not necessarily need to rely on the careeit model but is somewhat
dependent on the survey variables and their esirn&ssentially these (significance
editing type) score functions estimate the changhe survey variable due to editing the
response. Whereas, the edit related scores quaotif far the unit responses are away
from the edit model (e.g. number of edit failures pnit and magnitude of failure),
which rely solely on the edit model.

The definition of the score function is usuallydendl by knowledge from subject matter
experts and exploratory studies comparing proysedmal the effectiveness of numerous
different functions, as well user requirementseréhis no consistent framework for
constructing score functions in the literatures tbéems to still be a topic of open
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research. A number of procedures, usually graphieale been developed to assess their
empirical performance which will be discussed alanitp threshold selection below.

This section provides some discussion of key dgreénts of score functions in the
published literature.

Latouche and Berthelot (1992) pointed out thatctin@ce of score function should
consider operational aspects. For example, if dataceived at a steady rate during the
survey process then it might be preferable to ls@eee function which does not rely on
the availability of the data from other units oe tturrent cycle, as the data can then be
processed as they arrive.

If the survey variables are provided at differeawvels of aggregation then it is usually
desirable for the scores to have the same disioibor least same location and scale)
across domains for comparison.

The scores given to a particular unit responsefiea called the local scores, based on a
local score function. As already stated, a locals is typically only calculated for
responses which have failed an edit rule. Locatescare only assigned to items which
have been identified as important in terms of dqualf survey outcomes. For example,

in significance editing a local score is provided évery item which contributes to the
calculation of the key survey variables.

The local scores are then combined to give a gledxade for the particular unit, using a
global score function. Note that in some survesigles the local scores may be
combined over a subset of the items (groups ofdjesee Section 4 for further details. It
is often required for the local scores to be stedidad prior to be combined, to ensure
comparability across items.

The unit responses can be ranked by their locaestar streaming, or more commonly
the global scores are used to rank the units mgef their relative importance for
amendment/imputation, the largest scores beingithst important. Typically, the units
with a global score above a certain pre-choserstiold (discussed further below) are
subject to usual subject to manual editing, withsthbelow the threshold automatically
imputed. For example, Statistics Netherlands fp@ntrecords into manual and
automatic editing streams (Hoogland, 2002 and 200%gre are also many examples of
surveys where the critical stream is automatigatiyuted, and the non-critical stream
are left unedited.

The literature review has not revealed a gener@bos theoretic framework for
streaming choices (manual/automatic/no edits). €&organisations, e.g. ABS, have
defined a best practice model for editing, discddaether in Section 3.9, which can
allow some uniformity of decisions across the orgation. In practice, decisions are
often made on a survey by survey basis, basedailtable resources and user
requirements. For example, Latouche and Bertli@82) ensure all out of scope units
are recontacted (to ensure they are truly out@besy; total non-response is always
followed up and all units which fell outside of tedit model but with less than 10 units
within their respective cell were recontacted. dwer, for some surveys it may be
appropriate to leave the errors below the threshoktlited.
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3.6. Local Score Functions

It is beyond the scope of this report to recommeamglparticular form of (local or global)
score function. General criteria for defining sc@unctions were highlighted in the
previous section. In the authors view, a few iegéing developments in the literature are
given by:

Latouche and Berthelot (1992) — specific edit ezlat

Lawrence and McKenzie (2000) — general estimataed|

Hedlin (2003) — edit and estimate related discussed

Jader and Norberg (2005) — suspicion and potemadct combined
Hoogland (2005) — plausibility indicators

Farwell (2002) — impact and influence.

This sectlon uses a common score function to lgghkome of the general issues
associated with their calculation. The (local atabgl) score functions play a pivotal
role in the effectiveness of selective editingyéfiere a wide ranging performance
evaluation must be carried out prior to it's impktation to ensure it is capturing all of
the errors of importance.

oorwNE

It is quite common for estimators of survey varesilo be weighted totals (or averages)
of the response for a particular item over a nunobenits (e.g. total employment):

=D WX
i=1

where N, is the number of units within the domain of intrg, is the survey variable

estimateyv; is the survey weight anglis the responses for uit i=1,...,np} in cell {p:
p=1,...,P} The local score assigned to ur(inh a significance editing approach)
estimates the impact of amendment/imputation orstingey variable given by:

= WX - X|
where X is an estimate of the expected amended respoitsegmendment or
imputation). Clearly, it would be preferred to uke actual amended/imputed value (or
even the correct response) but this is typicallykmown beforehand, so an estimate of
the amended response is required. Also noticeoftext the survey weight is also
replaced by an estimated valuwe, as it is often dependent on things like the raspo

level and therefore may not be known before tharegdand imputation process is
finished.

There may be a need to scale the local scoredw albmparison across units, domains
or items. A common scaling for estimate relatenres, like that defined above, is to
divide them through by an estimate of the expeettde of the variable. For the score
function example defined above, this would giverglative contribution of the
(estimated) error to the variable estimate. Thussdimate of expected value of the
variable may also be required, which is usuallyedasn similar types of information as
for the estimate of the expected item response.

The estimate of the score (and therefore the eggeshended response/variable and
weights where appropriate) must be consistent thghsurvey estimation procedure (e.g.
edit model, form of amendment/imputation and vdeastimation function). The
estimate is usually based on past responses famihen periodic surveys, with possibly
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some form of growth factor applied (similarly févetweight). Alternatively it may be
possible to obtain estimates from current (or p&sponses from similar units (e.qg.
within the same domain). Hedlin (2003), Lawrence BttKenzie (2000) and many
others have suggested that the performance oftiselecliting is not unduly influenced
by the accuracy of estimation of the expected amemesponse/variable, as long as the
variance of the estimates is smaller than for the érror.

It is preferable for the scores to be independétiteoresponse rate and the current
responses, as this allows (amongst other thingsyesponses to be scored as soon as
they are received. As the score is used as avelaeasure of performance, the
accuracy of the estimate is not so important (hled@003 and many others), as long it is
consistent across units and consistent with theegugstimation methodology.

Almost all forms of score function require somedyy expected item response (not
necessarily estimate of amended/imputed value the isase with significance editing),
as they are usually based on a form of metricHerdifference between the actual
response and what is expected according to therediel. For example, Latouche and
Berthelot (1992) defined the RATIO global scoredtion which was based on the ratio
between the current response and final recordgmbmnsg from the last survey (which is
the expected response in this case), as the resgpans not expected to change
substantially between surveys. Hedlin (2003) defiadit-related scores by “measuring
the magnitude of the failure” of the edit model,igthessentially means he used an
expected value of the response constrained bydiheudes. Common estimators include
the mean or median of (scaled) responses from witiién the same domain, or from
previous surveys. Section 4 discusses the situatiere the unit responses are difficult
to predict, which can be the case for extremelwatiel items.

3.7. Global Score Functions

In some implementations of selective editing themlscores are used directly for
prioritisation into streams. However, commonly kbeal scores are combined over all
the responses to give a global score for the whiich is subsequently used for
prioritisation and streaming of the entire unitaet Section 4 also discusses scenarios
where the global scores combine local score ofsrdnt groups of items, (where
responses are related within a group, but diffegeotips are unrelated).

A general objective framework for choosing the gladcore function has not been
considered in the literature, pragmatic choicessieehave been made. The choice
seriously impacts the performance of the sele@digng and the lack of an objective
framework is lacking from the literature, see dssian in Sections 4 and 6. The choice
of global score function should be guided by emspirevidence, subject matter expertise
and preferably an exploratory multivariate analydithe distributions of the local

scores. Such an exploratory analysis of the Iscates would reveal features of the
scores which could be useful, e.g. dependenceefation) between the local scores. For
example, a principal component analysis (Johnsdn/dichern, 2003), could reveal the
dominant features (modes of variability) in thedbscores. Examination of the joint
distribution, combined with an error analysis anderstanding of user quality
requirements, will indicate which region(s) of jbet distribution of the local scores are
important in terms of prioritising resources foremdment/imputation, and therefore how
to define the global score function/thresholdsaptare that region effectively.
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Commonly used global score functions include (sagrdms in Figure 4.1):
1. Maximum (absolute) value of local scores — uniteethe critical stream if at
least one of their local scores is over the thriesho
2. Sum of (absolute) value of local scores — unitgretiite critical stream when their
total score is greater than threshold
3. Euclidean measure — square root of sum of squdozalfscores which is
sensible if the local scores are independent df etdwer
4. Mahalanobis measure — takes account of covariacee(ation) between local
scores.
In the first implementations of selective editihg tmaximum global score function was
used for the obvious reasons, but as problems lheee identified upon implementation
in other surveys increasingly more complicated fioms have been considered. This list
roughly follows the timeline of these developmeiitse adaptations seem to have
essentially been motivated by a need to mitigatgtioblems encountered (with some
validation using empirical studies), rather thayorously defining the regions of the
local score space which contain the important srt@igo into the critical stream.

The global score functions often contain some fofiweights to account for issues like
the relative importance of items/variables, whiok @ormally decided upon by subject
matter experts. The global scores may also nebd ttandardised, e.g. to make them
comparable across domains which is discussedreeinéxt section. Standardisation
may also be required in implementation where diffiéiunits may have a different
numbers of local scores contributing to the gladzalre (e.g. not all units will have failed
same set of edit rules). These issues are of rmmuortance and so are not considered
further.

3.8. Threshold Selection

The initial threshold selection is preferably cagrout using a simulation approach,
which is discussed in this section. For a newra-off surveys this may not be possible.
Alternative threshold selection approaches ardablai For example, a theoretic
derivation by Lawrence and McKenzie (2000) undealdrassumptions and various
online procedures, e.g. cumulative cost-benefwesiof Farwell (2004) and progress
graphs of Hedlin (2003) which are discussed furth&ection 4 below. However, the
threshold choice needs to be periodically mainthboeensure it is still being effective,
for which Thompson and Hostetter (2001) providéca example, particularly in the
light of changes to all aspects of the survey msce.g. questionnaire, data collection,
population demographic, other editing/imputatiod aser requirements. For threshold
maintenance these online procedures are likel teely useful.

Depending on the data flow and timescales involageeriodic surveys, it can be
preferable for the threshold used in a periodigeyto be chosen in advance. This
allows responses to be edited as they are recéagddng as the score function does
necessarily rely on other unit responses), whicheresure selective editing is adaptable
to the data flow of any survey.
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The simulation approach requires two version ofsdui@e survey dataset:

1) Raw dataset — which has only been subject to mtding

2) Extensively edited dataset — which has been sutgeunbre stringent editing and

amendment/imputation than selective editing is etgzeto provide.

Usually, the extensively edited dataset is theltesuhe more traditional editing
approach outlined above, where all edit failuresraanually amended or automatically
imputed. Farwell (2004) has indicated that in tasecof ABS, the availability of the
extensively edited data is becoming less and lesgiable for resource considerations,
which is also backed up by other agencies. Hesareg of the alternative approaches (in
particular the interactive approach) describeddoti®n 4 may come to the fore.

The simulation approach is far superior as it pfesia much fuller picture of the error
distribution and allows inexpensive evaluation @y alternative selecting editing
parameters (e.g. consideration of numerous loahbbobal score functions and
thresholds). The simulation approach also allowsge complete performance
evaluation of the whole selective editing procedure

The simulation approach can consider the compéetge of thresholds. For each
threshold level chosen those units (if global se®@mbined over units) above the
threshold are assigned to the critical stream tla@daw responses are replaced with the
extensively edited values to give the simulated @gliaset. The non-critical stream data
are usual not changed. The improvement in theeswariable estimates due to the
simulated editing is then evaluated. As a religsiéemate of the final variable value is
available from the extensively edited dataseg gassible to quantify the bias in the
estimate at each threshold level.

Various measures have been defined to quantifintbeovement in the survey variable
estimates. The most commonly used in practice are:

i. Absolute pseudo-bias (Latouche and Berthelot, lggé*i
y

ii. Relative pseudo-bias (Lawrence and McDauvitt, 19%%
y

where V' is the final (best) variable estimate from thesesively edited dataset aryd

is the variable estimate using the newly simulalaiset. The absolute pseudo-bias is
logically defined but is found to be somewhat terapeental if the variable values are
close to zero (Lawrence and McDavitt, 1994). Ifatleer changes of the database are
made the absolute pseudo bias will tend towards agthe threshold decreases (though
not necessarily strictly monotonically decreasing).

The relative pseudo-bias relates the bias to #adsird error of the estimate, which
encapsulates other error sources, e.g. samplingsgirawrence and McKenzie, 2000).
Hence, the threshold can be chosen to satisfy tonsdlilike that the selective editing
should be reduce the bias to within 10% of thenestion error (as used by Hedlin, 2003
and Lawrence, 1999). Measures of this sort coulddael towards defining standards for
quality assurance.
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Typically, the threshold choice can be guided bhylevatory plots, for example:
i. bias statistics against various threshold levels
il. bias statistics against number of (simulated) areeéfichputed responses
iii. total or percentage of cumulative change in vaei@stimate against thresholds or
number of checks, e.g. progress graphs of Hed63R

iv. total or cumulative (cost) benefit against unit\pder ranks (Farwell, 2004)
In order to be able to reduce resources allocatedliting, the graphs must indicate that a
small number of errors are causing the largestreidsction (i.e. large drop in bias at
high thresholds/small number of edits). If eacleaded/imputed has the same cost
associated with it, then the graphs which comgaeenimber of
amendments/imputations to the change in the estimaad essentially cost-benefit
curves. Some authors (e.g. Latouche and BertHE)98) have suggested that the
threshold could also be chosen to achieve a destoeshtact/imputation rate.

An interesting approach was trialled by Hedlin (20for score function and threshold
selection using the simulation approach. Hedlin garad the performance of:
i. current editing method, with no prioritisation

ii. an edit-related score function

lii. an estimate-related score function

iv. ideal method, where the final values are assumedirand used directly in the

estimate related score function from (iii).

The ideal method provides a valuable gold stantdgnahich to judge the performance
of other editing processes.

Many authors advocate re-evaluation of the threspetiodically. For example, Hedlin
(2003) of the ONS suggested the threshold shoulditigly chosen using the
simulation approach but then dynamically reassesssdSection 4 for more details.
Best practice across the published literature ialdicates the need to periodically re-
evaluate the selective editing effectiveness bysarbpling errors from non-critical
stream and subject them to manual recontact/amentdriiéis will help identify any
important errors which are being ignored by theesdonctions.

A important issue that has not been discussedrss few to set thresholds when the
global scores are calculated over different dom@ngver groups of common variables
in a survey). Firstly, the scores may need tothedardised to be comparable between
domains/aggregation levels. Then there is a quesis to whether there should be a
common threshold across all domains at all leve&ggregation. For example should
smaller domains, in which estimation is more vdgabave a lower threshold. If
different aggregation levels are considered, itreegensible that the errors that are
important at the highest aggregation level (i.elhStrade transactions) should be dealt
with first, then errors which impact at lower leweHowever, is this always the most
sensible approach? There is also a need for maregerocedures to be in place to
ensure that if a unit is to be manual recontadted &ll possible edit failures are raised at
the same time, rather than them being recontactetrous times from each domain
they are within. For surveys with a large numifedt@mains, there may be too many
graphs to examine for threshold choice. Farwé€lD@ has suggested treating the curves
as Lorenz curves and calculating GINI indices famparison. There is no consistent
pattern in the literature on the approach for deglith these issues; a sensible
pragmatic judgement seems to be made on a surveyrbgy basis.
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3.9. Performance Assessment and Quality Improvement

One of the key features of the new view on editaty collect data on the edit process
(so called edit data) to monitor performance anchéasure quality improvement
(Granquist, 1995). The performance monitoringvadi@valuation of the efficiency and
effectiveness of the selective editing processidiredits, edit model, scoring and
streaming) and should provide information to hightiimprovements to other parts of
the survey process. The key principle is to mavayafrom “error detection and
correction” towards “error prevention”.

Data should be collated on the common error tyjes; sources and distributions which
can be fedback to improve survey design, datactadie, capture and processing. For
example, if there are particular items where tlspoases are often outside of the edit
model (i.e. incorrect or missing) this may indicatproblem with the question itself or
the process by which the data is captured/procesEld edit data will also provide an
audit trail to diagnose problems in the system@ogkibly to allow users to re-evaluate
the editing process and the decisions made.

Key considerations in specifying the edit dataexilbn requirements for quality
purposes include (Lybewrgt al, 1998):

1. Identification of product characteristics and usequirements- what are the key
outcomes, available resources and quality neetdsnms of design and
conformance, including possible future uses of ,datd any guidelines for
quality standards across collections

2. Understand process process/data flow charts, so as to design effay into the
process so errors are prevented in the first place

3. Identify key process itemswhat are the process components which impact on
quality, provision of cause and effect diagramdKémet al, 2003)

4. Evaluate measurement capabilitywhat can be measured? What level of
accuracy? What are the costs of measurement aodlieg?

5. Reduce variability- predictable and stable processes are more ligdbad to
reliable quality

6. System for continuous monitorirghow is performance going to be monitored,
feedback provided and how progress is to be coneated to staff.

The UNECE (2000) defined three criteria by whiclalgy of a statistical product should
be assessed; relevance, timeliness and accuratigti8s Canada (2003) have further
defined the additional criteria of accessibilitytarpretability and coherence.

Continuous process monitoring and control can erg valuable tool to provide early
warning system for problems in the editing proceSwtistical process control charts
(Oakland, 1986) could be used to monitor processmpeters like the change in variable
estimates, hit rates and streaming over the ediyote to ensure they are within an
acceptable range or if they are out of controlr é&g@mple, to detect problems when
serious errors are slipping through the initiakiedi stage and reducing the effectiveness
of the score functions.

Careful consideration has to be given as to whiaidadk is collected in order to satisfy
user requirements (where users include personnelivied in future surveys), so as not to
waste resources on collecting unimportant inforaratRiviére (2000) discusses the
general issue of quality measurement and disseimmat quality indicators to end

users. He suggests consideration of two key @itehen for dissemination: brevity and
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readability. The user has to be provided with dhfykey information they need to
evaluate the quality and its impact on their stutlyshould also be relatively easy for
them read and comprehend the quality measurearbéieing provided to them.

Engstrom (1997) provides an example where colleatfcdata on error causes was
integrated into the survey process. Editors wegeired to identify the error cause,
record an error code and indicate whether thewsst manually recontacted or not. The
study concluded that provision of error codes wseful in terms of highlighting survey
problem areas, but found the error allocations éusdme on the editors. Hence, an edit
data system has to be designed to facilitate thg/sis and reporting of performance
statistics, but also make the edit data colleatificient and not resource intensive.

Common edit data to be collated include detectates; correction hit rates, summary
statistics on impact of amendments/imputationsgjpbgat different levels of
aggregation). Roccet al. (2005) and UNECE (2000) provide a detailed ovenaé
useful data for quality indicators. For auditisand transparency of editing for end
users, where database systems allow, considesdtmrid be given to storing the
following data (in rough order of priority):
I. Final response values (whether they be unediteaidet¢imputed)
ii. Original responses (including imaged questionngires
ii. Error codes (and key), suggested reason why wemggce of error,
how amended/imputed, etc.
\2 All amended/imputed values (despite condition gtht model,
editing and amendment/imputation should be corsistéh each
other, multiple revisions often still end up bemgde)

V. Edit flags passed or failed (or at least indicabdmore than one
failure, or number of fatal versus query failures)

Vi. Record of edit rules and score functions in openadit time of survey

Vii. Local and global scores.

The issue of database systems and software isgortant issue to be considered upon
implementation for each survey, but is beyond tiops of this review. Examination of
edit data lends itself to exploratory graphicaht@ques. There are many examples of
useful graphs presented in the literature, sonvehia¢h are discussed at relevant points
throughout this report, but a full review is notluded.

Best practice at some international official statssagencies (although by no means the
majority) includes provision of agency wide qualjyidelines and editing strategy
documents. A useful survey on the provision ofiglines is provided by Williameast al.
(2000), from which the following details have begathered. For example, Statistics
Canada (2003) have produced quality guidelines vbicompass editing and
imputation methods. Statistics Canada also prodditeeviews for all their household
surveys, which provide information which is fedb&sKuture survey questionnaire
designers and interviewers. The edit reviews ekae@vledged as resource intensive and
time consuming, but considered valuable for quaggurance. The ONS have a
dedicated standards and quality assurance tearstath@ards of which are encapsulated
in the BLAISE modules (developed by Statistics etinds). The ONS team also
conduct internal edit process reviews towards #reetal quality assessment of a survey.
The ABS has compiled a data editing manual, whath as an invaluable central archive
of editing techniques and guidelines for implem#aata Although it is acknowledged by
Williams et al. (2000) that the manual needs updating to includdem techniques, and
is often ignored in practice. ABS also suggestgisimuality assurance manager to lead
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on developing and reviewing editing strategies ¢te and Farwell, 2005).
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4. Some Implementation Issues

The general principles of selective editing ardyastraightforward and have been
shown to work well in a variety of survey situatonFeatures that enable selective
editing to be successful include availability oftorical data (e.g. periodic surveys), high
sample frame overlap between surveys, consistemtpaesign and predictable survey
responses and variables. Selective editing has slemwvn to be effective for continuous
items, particularly those with skewed error disitibns where a small number of errors
which are large in magnitude have the largest impadhe quality of survey outcomes.
However, its implementation can be hampered byesselated to survey type (periodic,
one-off, administrative, etc.), survey response tgpstructure, data flow and database
requirements, etc. In this section some of theiggyes raised in the literature and from
the two parallel case studies are outlined and evheailable possible solutions
(sometimes still an open topic for further reseperke discussed.

A number of these issues were concisely dealt lytthe excellent review carried out by
Farwell (2004), from which some of the followingdussions have been assumed.

4.1. Discrete Variables

The usual score functions are often inappropriateliscrete (e.g. categorical) variables,
as there is usually no metric for quantifying thagmitude of possible errors and their
impact. Clearly, depending on your definition, iayrbe possible to define some form of
error metric for certain ordinal variables, but mogeneral. An error metric certainly
cannot be defined for nominal variables.

There are of course many edit and imputation pnoaeedavailable for discrete variables,
Fellegi and Holt (1976) and its subsequent gersatdins being one of the most
rigorous. Another example is nearest neighbouutatpon (Bankier 1999). However, a
literature review in this area has not revealedtéampt to prioritise editing of errors in
categorical variables, as these procedures ardlyilautomated and so have relatively
little resource cost.

If it is desired to include discrete variables witkelective editing, then it may be
possible to define the score function using théufeaset outlined by Latouche and
Berthelot (1990):
i. Importance of the responding unit

ii. Magnitude and influence of suspicious responses

iii. Number of suspicious responses

iv. Importance of items or variables.
It is beyond the scope of this report to outling particular form of score function,
however it is clear that the score function couldagsulate every suggested feature
except for (ii) due to the lack of error metricorfexample, it should be possible to
quantify the relative importance of the respondings (i) and items/variables (iv) and
therefore a provide measure of influence to enpbteitization. If the edit rules can
check the categorical responses, then the feaireaf also be quantified.
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4.2. Iteration of Selective Editing

Section 3 stated that some surveys undergo ifiiteditional) editing before selective
editing, usually to correct serious fatal editg, éeld and office editing (Pullunet al.,
1986). In patrticular, all errors which may redulge effectiveness of the selective editing
should be dealt with (Farwell, 2004). However, sashthese errors may not be detected
prior to instigation of selective editing. Processnitoring and control procedures must
be in place to ensure these are captured as sqmssible. The selective editing may
need to be re-initiated (scores recalculated) timese errors have been adjusted.

This problem raises a number of questions:
I. Can the selective editing (scoring) be made rotoustese serious errors?
il. If not, then should selective editing routinelyreeaterated after an initial
burn-in period?
ii. If selective editing (and amendment/imputation) besn used at one level of
aggregation (e.g. regions), should the scoringebalculated at the next level
of aggregation (e.g. whole population) of interest?

4.3. Streaming

The decision as to what form of amendment/imputaiicany, is to be carried out to
each stream is usually decided on an ad-hoc baseath survey, based on availability
of resources, error types, quality standard requerds, etc. A topic of ongoing research
is considering the definition of a formalised framwek to enable such decisions to be
made, using resource allocation criteria. Linaord Trewin (1989) have made some
headway on the allocation of resources across bidevsurvey process, and

Riviére (2002) has also put forward a theoretiggraach based on some standard
assumptions. Best practice at statistical agersgems to point towards a movement
away from manual amendment to automatic amendnsefiair @s possible for the critical
stream, with some agencies (e.g. ABS and ONS)dithg the non-critical stream. A
motivation for not editing the non-critical streasrto reduce concerns about overediting.

4.4. Local Score Functions

Most local score functions defined in the literatoequire some form of estimate of the
expected response and some estimate-related semteohs also require an estimate of
the expected variable. In periodic surveys, tleegeected values (response or variable)
are often based on historical data. This sectieoudises problems associated with

estimation of these values when historical dataevailable or they are hard to predict.

4.4.1. One-off surveys/no historical data

If no historical data is available then alternasig®urces of information are sought.
Firstly, expected amended responses can be bagegmonses from units with similar
characteristics (i.e. same cell). For examplentlean or median response from all units
within cell, or regression estimates (Farwell, 2008econdly, expected amended
variables can be based on expected responses. Eowavwell (2004) has found that
these can be wildly inaccurate. Although not felasior large surveys, Farwell went on
to take a pragmatic pseudo-Bayesian approach icasestudy, basing “guesstimates”
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of variables on past estimates from very old sus\ambined with those based on the
expected responses. It is certainly sensibleltagvailable sources for information to
improve response/variable estimates. Farwell (R gave an example of a score
function which, when standardized, removed the tedtve expected variable
estimates. Other alternatives are discussed indgkiesub-section.

4.4.2. Difficult to predict responses/variables

If the expected responses/variables are not altde teliably estimated (e.g. response too
volatile, or not historical data), then it may hmspible to try a different form of score
function which is correlated with usual score. §eperal discussion of score functions
above. Farwell (2004) gives an example of usingraliination of three score functions
which measure the (standardized) approximate urotgributions to the level,

movement (requires past response data) and staedardf the variable of interest.

The three local scores were combined using a waidlgBticlidean distance to give a
global score, which is correlated with the usuahsuee of impact of errors, as the largest
contributors often have largest impact on estimatesirvey variables.

4.5. Global Score Functions

In general, the global score functions (if requjredmbine the local response errors to
give a score to each unit which is used to preeitinits into streams. The functions
suggested in the literature (commonly one of th&imam, sum, Euclidean,
Mahalanobis of local scores) have been pragmatiedibpted. This area is ripe for
extensive research, initially based on an exployadoalysis of the local scores,
comprehension the aim of prioritisation and anythgcal justifications.

4.5.1. Large number of local scores (key variables)

There has been much concern raised about thisasglad-hoc choices of global score
functions have been made to overcome it based qirieal evidence. However, a
detailed multivariate analysis of the local scassprovide a better justification for the
global score function choice. Firstly, it is cléhat as the number of local scores
increases the probability that the maximum of the@above the threshold increases, i.e.
the more local scores leads the higher chanceesainiit needing editing/imputation.

To motivate this result we will consider a crudample. Assume that the local scores
X, X,,..., X, are independent identically distributed randomatalas then the survivor

function of the maximum:

P{max(X,, X,,...,X,,) > x =1-P{max(X,, X,,...,X,,) <x}
=1-P{( X, <X)n (X, <X)n...n (X, <x)}

=1-P{ X, <X}P{X, <x...P{X, <%} asindependen
=1-P{X <X}P{X < x...P{X <X} asidentical
=1-P{X <x"

Therefore, as the number of local scaréscreases the probability a unit’'s maximum
local score is above the critical threshrlgets closer to one. This explains why authors
have found too many units were put in the critsteéam when using the maximum
global score function with a large number of losabres.

Official Statistics Research Series, Vol 1, 2007 28
www.statisphere.govt.nz/osresearch




Feasibility Study: Selective Editing

Figure 4.1 Examples of critical threshold regions (shadexfingd by 4 global score
functions combining two local scores. Clockwisanfirtop left: max@l,[Xz|) > 2,
Xa|+Xo| > 2, X2+ X2 >2 and \/(X -n)' > (X —p) >2. An arbitrary threshold of 2

has been used. The simulated values (representingdcores) are from a bivariate
normal with common mean 0 and variance 1 and airoel 0.7.

The global score function has to ensure that th@neof the space filled by the
important errors that need prioritising in theicet stream can be identified. Figure 4.1
shows scatter diagrams of a set of simulated @rtate normally distributed
observations with some dependence (correlatiomydsat them, with examples of the
four commonly used global score functions. Thesoletions are intended to crudely
represent the behaviour of 2 local scores, whielr@ated to each other. Dependence
between local scores is to be expected if the it are based on are related to each
other, as if a unit answers one of the questioosriectly they are more likely to answer
other related questions incorrectly as well.

The four graphs show the critical regions defingdhe four global score functions:

maximum, sum, Euclidean and Mahalanobis measuNege that the weighted Euclidean
distance measure used in the literature is equivébeturning the circular region (of non-
critical errors) into an ellipse. Although the ronitical regions are not of the same size,
the difference in the shape of the regions is entid& he critical (shaded) regions clearly
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prioritise very different groups of errors. Thisosvs that it is important to consider what
regions contain the important errors that neecetadsigned to the critical stream. Thus
definition of the global score function requirededailed multivariate analysis to
understand of the distributions of the local scores

4.5.2. Provider or Group Scores

The majority of implementations of selective editin the literature either use the local
response scores to prioritise for streaming, oy tteenbine the all the local scores within
a unit to give a global score, the global scot@esn used for prioritization (possibly
within different domains separately). In other d®either the individual unit responses
or the units themselves are prioritised. Howelas, not uncommon for a single
provider to supply response for a group of subsydiits (e.g. the head office of a
conglomerate organisation may provide survey resg®on behalf of its subsidiary
businesses) or surveys where the survey can bemadwn into independent
components (so called “item groups” from FarwellD2) which are not related to each
other. It is not appropriate to review the entingt record as this is likely to be a waste
of resources, only the response given in the itesagwhich contains the important
error should be reviewed. In this type of scenatriis sensible for the global scores to
combine responses within each item group. Far{@604) provide an example of this
working in practice for the Australian Agricultugrvey. Although Farwell (2004)
points out that the provider score are still a wlsifol to manage manual recontacts, i.e.
to make sure that if a recontact is required thajugeries are dealt with in one go.

4.6. Threshold Selection

The ideal world approach to defining thresholdssilection of the critical stream is to
use a simulation approach which requires origiaalfar as possible) unedited data and
the set of intensively edited final data, whichliovide a good picture of the full error
distribution. In general, the simulation approatibws a full cost-benefit analysis of the
edit and imputation process and the threshold ¢hoae be used for future surveys. The
benefit of having a pre-specified threshold is thatay be possible to commence editing
as soon as the data is available. Farwell (2084)@ointed out that the main drawback
to a pre-specified threshold is that the numbgro¥iders selected can vary, as can the
total benefit attained.

Online (graphical) threshold selection procedu@getbeen suggested by Farwell (2004)
and Hedlin (2003), which do not require assumpteinsut the errors and may not
require the full error distribution to be known.ediin (2003) suggest using progress
graphs of the cumulative change in a survey vagiabtimate against the rank of the unit
scores. It is expected the largest changes wilbbkighest ranked units, with the
variance decreasing with rank. The threshold sisoceosen when the cumulative
change has stayed on zero for a number of ung.etliiere is no guarantee that units
with scores below the threshold will have no impatthe survey outcomes, hence
Hedlin (2003) suggest analysing a sample of uniis fthe non-critical stream and
subject them to amendment/imputation. Farwell @&iggested plotting the
cumulative expected benefit against the cost dfreg{same as rank if equal editing cost
per unit). These graphs are easily implementdtkeidata comes in batch mode or the
threshold is to be chosen in advance on past blatamay need to be carefully managed
if data is received/edited on a more continuoussbas
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4.6.1. No before-and-after editing data

If no before and after data are available therthihesholds can be set online
(interactively), using the graphical tools mentidrie Section 3 above. The main
drawback is that editor does not get to examindutherror distribution. Farwell (2004)
pointed out that it is becoming increasing hardgustify resources to provide
extensively edited data, so online threshold sielecs becoming more common.
Lawrence and McKenzie (2000) put forward a modskelagprocedure for threshold
selection under some standard assumptions. A oométh the interactive threshold
selection approach is how it is managed relatiibéadata input flow. For surveys
where the whole data base is bulk-loaded thissgeeto manage, but not if data trickles
in. This type of issue needs to be investigateolaaisa scoping study prior to
implementation of selective editing for a survey.

4.6.2. Conservation of joint distributions

The editing and imputation procedure of Fellegi biudt (1976) defined three guiding
principles that their procedure adhere to:

1. Minimal changes to original data (preserve as nwroriginal data as possible,

the error-localisation problem)

2. Consistency between edit model, editing and imjrtat

3. Preservation of marginal and preferably joint digttions of responses.
Although selective editing is not an imputationgdureper se it does dictate which
errors are prioritised for later imputation. Serthis a need to consider whether the
streaming is going to impact on these sorts ofiggigrinciples for imputation.
Although imputation is outside of the remit of theport, this foundational concern
warrants a short discussion.

Selective editing does explicitly uphold the secpndciple. But the other two are not
explicitly upheld, the most serious of which is smered the preservation of marginal
and joint distributions. The third principle imgdi that the imputation should not bias the
responses towards the edit model. The selectige dot implicitly ensure that the

editing is uniformly spread over the populatioreréfore particular groups within the
populations may be over-represented in the criittalam and others under-represented.
If the selective editing/imputation route is notivgesigned, there is concern that this
could cause a bias in the joint distributions @ tesponses.

Related concerns have been raised by Tate (200thamasking type effects of
Hidiroglou and Berthelot (1986). Tate (2002) raiseconcern over units which provide
data which is increasingly in error, so if scoreasw@e change between periods, then it
may not pick it up. In some sense this is a systiertygpe error, which selective editing
is not designed to detect. Macro editing wouldotrget this type of error.

Similarly, in selective editing attention is typllgafocussed on the importance of errors
within particular units, however, it will not nesasily detect small (more systematic)
errors in individual units which can combine to mepon the survey variables. An open
question seems to be whether score functions caedigned to capture these more
systematic errors, or whether they have to be detitby macro-editing.
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5. Key Principles and General Framework for Implemetation

Previous sections have outlined the key featurésen$elective editing methodology and
some of the issues to be considered upon impletn@mtal owards considering the
implementation strategy across Statistics NZ swsvelg useful to outline the guiding
principles of selective editing and a general freumn.

5.1. Key Principles of Selective Editing

The foremost principle of selective editing is tbaprioritisation. However, a range of
guiding principles are outlined below, some of whaze common to all edit processes.

1.

Prioritisation . Editing resources should be focused on errotdiidnze the largest
impact on quality of survey variables. Need to expsufficient resources to
ensure variables are at the quality standard reduda be “fit for purpose”.

Efficient and Effective. Editing needs to identify all important errofsus
requiring a well designed edit model and scoretions. Further, editing needs
to limit identification of false and unimportantrers, and needs to provide
information for continuous performance assessmethipaocess control.

Dynamic. Process should not be set in stone. All compan@ng. edit rules,
score functions, thresholds, record keeping) nedxttperiodically re-evaluated
to ensure they are still efficient and effectivelight of changes to; survey
design, other survey processes (pre and post gdipopulation and user needs.

Balanced and practical Balance needs of users and available resourcesdér
to not be too onerous, it is important the methogglcan integrate with existing
systems and processes and adaptable to solverobémps across surveys.

Consistent.Editing should be consistently applied, reprodweciohd transparent.
Move away from subjective judgment based editiogptmalized procedures
which allow audit trails. Automation is likely teetp achieve this goal.

Learning and feedback Performance systems to evaluate process andfident
improvements, to provide evidence that editing éetimg needs of stakeholders
and making best use of resources. Communicateutpieck to whole survey
process (including future surveys), e.g. commoarssisources and distributions.
Performance measures can also be a useful tootdewstaff motivation.

Prevention. Paradigm shift from “error detection and correctito “error
prevention” (Granquist, 1997b). Edit data needdadrorded, analysed and
reported for future error prevention, e.g. chartgesurvey design or data input.

Quality assurance.To ensure quality conformance (“fithess for use€g tisers
requirements (past, present and future) need iddmtified and provide tools to
monitor edit performance. Further, users shoulthbde aware of limitations of
edit process (e.qg. likely remaining errors). Touwragjuality in design editing
must be working efficiently and effectively, mitigag all errors which will
impact later stages in process. Editing procedwst mlso be statistically
justifiable, to ensure no systematic biases aredniced.

Official Statistics Research Series, Vol 1, 2007 32
www.statisphere.govt.nz/osresearch




Feasibility Study: Selective Editing

5.2. General Framework

In order to define a general framework for the iempéntation of selective editing it is
first of all useful to understand how it could igtate into a general editing and
imputation process and how it impacts on the coraptsof that process, including
feedback mechanisms. Following this an outlina géneral selective editing
framework will be detailed.

In some ways, the general framework implicitly ases that selective editing will be
combined into a pre-existing editing and imputafi@mework, as this is likely to be the
most cost-effective implementation route in practitdlowever, in an ideal world the
longer term approach may be to develop selectiiteagdrom the ground-up, fully
integrating with other editing and imputation preses. For example, there is no need
for an edit model, as the score function itself barused to define the responses which
are in-scope of selective editing. There is alsteptial for other efficiencies to be
gained. For example, the error localisation probieay be aided with information from
all stages of the editing and imputation process.

Error Edit model Editing Revision &
analysis imputation

Performance
assessment
\ 4
Survey 1 ( Quality
outcomes J Lassessment

Figure 5.1 Edit and imputation process flow chart.

1. Survey outcomes and usedt is important to have a clear definition of tuens
and objectives of the survey, including user regjaints, so that procedures and
processes can be put in place to ensure they latleduin an efficient and
effective manner. For example, understanding td dantext, timescales, quality
requirements and available resources. For seteetiiting to be effective it
needs to make sure edits are prioritised to mirerthe remaining bias in the
survey variables and ensure effective use of ressurin order to do this
effectively the key survey outputs (and therefaeg kariables/items) and
domains of interest need to be identified. All gaments of editing (edit rules,
score functions and imputation) must be in accardavith the primary outcomes
of the survey.
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2. Error Analysis. In order to improve quality of outcomes, it isgantant to know
the error types, their source and distributionsMill often be based on
exploratory (often graphical) analysis of the syrdata, at various levels of
aggregation. Comprehension of the expected estawsld lead to effective
definition of edit rules and a way to measure tthié gerformance and quality
assessment. In particular, how to define edit rhadé score functions to capture
all errors which seriously impact survey variabl@epending on the data
collection flow it may be possible to carry outemor analysis online, which
could provide early warning of problems in survegidgn or data
collection/input, thus leading to early quality impements.

3. Edit Model. Selective editing does not require an edit maaekuch. However,
most implementations are based on a previous neiditing system, so often
only those items which have failed edit rules wélin-scope of selective editing.
Williams et al. (2000) suggest that edit rules should be defirmesidering four
available sources of information: knowledge of keyns/variables,
understanding of conditions likely to influencepesses, knowledge of type and
impact of errors on quality and performance ofd@das. Effective and efficient
editing and imputation requires well thought oud ameticulously defined edit
rules. Firstly, errors which are outside of thé atbdel are likely to slip through
early edit stages and are, at best, likely to leatied at the macro-editing stage.
Efficient editing requires sensibly defined editesiso as not to make editing too
onerous, e.g. loose range checks lead to manyip@ssrors to be considered
whereas tight range checks may lead importanteleing missed. The edit
model needs to be transparent (all explicit andicitonditions identified) to
users and editors, to ensure it is known what g identified (or not).

In?t?al Traditional
Editing Editing

Macro Selective
Editing Editing

Figure 5.2 A common sequence of different forms of editing.

Official Statistics Research Series, Vol 1, 2007 34
www.statisphere.govt.nz/osresearch




Feasibility Study: Selective Editing

4. Editing. The editing stage should ensure the bias on gwagable estimates is
minimized, without overediting and making efficiarge of resources. There are
four commonly defined stages to editing which havetural ordering, see
Figure 5.2. The reason for the overlap betweetingdstages, is to represent the
possibility that within a particular survey thefdifent forms of error can often be
captured during different edit processes. Furtiiner optimal balance of the
routes depends on the survey and the editor’s gploical viewpoint. Key
criteria for editing defined by Williamst al. (2000) is that it must be appropriate,
effective, efficient and defensible.

a. Initial edits — in general these cover serious errors, e.griacbunits,
validity checks, non-response, imaging errors. €rege usually obvious,
mainly fatal errors which are commonly easy to tdgnKeying staff
often used to correct these types of error on elatig, but with survey
imaging becoming more prevalent these errors géguoire intervention.
Although often a traditional edit process, it igf@rable to automatically
amend these errors before they impact on lateestafjthe process.

b. Traditional edits — incorporates a small number of important errors,
detected by edit rules, which cannot be incorpdrateselective editing,
e.g. certain categorical variables, or may presetgctive editing working
effectively, e.g. extremely large errors which irapastimation of scores.
Sutcliffe and Farwell (2005) also point out, altgbuhe long term goal is
to replace traditional edits with well thought @etective editing, in the
short term some traditional edits may be needé¢kdriransition period.

c. Selective edits- prioritising errors which have impact on survey
outcomes. Indication of editing priority, to all@streaming of edits, e.qg.
manual recontact/intervention, automatic imputatremediting required.
Extensive testing of score functions is requiredrieure they can be
calculated and are effective in the range of lilepr scenarios.
Significance editing can also provide measure pketed impact of error
amendment on survey variables.

d. Macro edits — provides final check that data to be publishvedss
expected, usually given subject matter knowledgéing a look at
responses as a whole and the information they gecand check they
make physical sense, and that there are no rergaaniors which have a
substantial impact on the survey outcomes. For pl@mdetection of
systematic errors (like under-reporting of profitg)ich is difficult to
identify at micro level. Should check multivariagdationships between
items/variables. Information on consistent pattednsrrors from this
phase should also be passed back to earlier stagagyrove in particular
the edit model and score functions in selectivéregli

Official Statistics Research Series, Vol 1, 2007 35
www.statisphere.govt.nz/osresearch




Feasibility Study: Selective Editing

5. Revision and Imputation— The editing stage should indicate what form of
revision or imputation is required. A key princig&imputation is that it should
be consistent with the edit model. Fellegi-Holt{&Pshowed it is desirable to
make minimal changes to the responses to satisfgdit model, and that any
imputation should conserve the marginal and joisirithutions of the responses.
In general, it is considered preferable to moveai@ls automatic imputation
rather than manual intervention, for resource igfficy and consistency reasons.
However, it is to be acknowledged that an automatputation process needs to
well designed and regularly reviewed to ensure gmtbrmance.

e. Manual — Traditional approach to data revision. Usuadlyers on
recontact or decisions made by editors using availaformation without
recontact, e.g. past responses, responses fromarsimits within cell. It
is generally the most costly form of response rewishowever, it may be
the only option if the responses are difficult tedict. In the case of
recontact or follow-up, which is often considerkd best way to lead to
improvements in data quality, it can increase radpat burden which can
impact on quality of response in future surveysanMal revision without
recontact also has many potential drawbacks, mda@f lack of
consistency (often based on subjective decisiohghndiffer between
editors), transparency, reliability and reprodudigishown to lead to
creative editing, revision to satisfy edit modeislalso difficult to
quantify the benefit of editor expertise in assggsjuality.

f. Automatic — Often the preferred route. It will generally yiate results
which are consistent and reproducible (in a stesissense). Further, the
quantification of quality is somewhat easier. Thare many off-the-shelf
imputation routines (and software packages) wharhlandle most
survey designs, response data types, etc.

g. Not Edited — Depending on the survey outcomes and the user
requirements, it may be possible to ignore nomesier(non-fatal) errors
which have little or no impact on survey outconiess often that case
that non-systematic random errors will cancel ezbler out in the
estimation of survey variables. Reduces posgitofitbias introduced due
to overediting. However, the decision for this s justified with
considerations of available resources and quadisyi@nce requirements.

6. Performance Assessment A key component of best practice for editing and
imputation is the need for regular editing and itagion reviews. To diagnose
problems and to assess performance, in particulaght of changes to survey
design, other survey processes (pre and post gdipopulation and user needs.
In order to measure performance there is a nesgttod meta-data at all stages
of the editing and imputation process. The sodaif that could be useful for
performance assessment are; records of what andnamy edits were
undertaken, any changes made to responses, infomgadding) on possible
sources of errors. In particular, for selectivaied records of changes to the
estimates of the survey variables should be redai@ensure the thresholds are
set at an appropriate level. Statistical processrol ideas could be incorporated
to continuously ensure the whole process is witlintrol, i.e. meeting
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performance targets, thus providing an early waysiystem for problems. In
particular, the selective editing needs to haveodear reviews to ensure there is
no long term biases due to its continued use. k@amele, many authors have
suggested periodically sub-sampling errors bel@athineshold and place them in
the critical stream to evaluate performance. Thiktyto assess performance can
also provide useful information for motivating theiting staff to achieve
performance targets.

7. Quality assurance— The measures and information provided to judge
performance of editing can also be used for qualisurance purposes. To
quantify the impact of editing and imputation oe gurvey variables. Further,
feedback of common errors will lead to better ustierding of survey outcomes,
and improvement of error analysis, edit model, ¢eis improving quality of
whole survey process. The move towards more foredkutomated (less
subjective) approach to editing and imputation dariable more transparency in
the edit process. Editing and imputation reviewsl¢@lso allow users to re-
evaluate the editing that was carried out and maitimitations of the process.
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5.3. Selective Editing Framework

The rest of this section defines a general framkviarthe implementation of the
selective editing process. For a detailed discassidhe issues involved in
implementation the reader is referred to Sectioas@4.

1.

Identification
(edit model)

v

Estimation
(impacts)

v

Prioritisation
(scoring)

Threshold
(simulation)

v \ 4 \ 4

Manual Automatic [No editing

revision imputation

Figure 5.3 General framework and flow for selective editing.

Identification — The first thing to decide is which items andesrare in scope of
selective editing. In general, most implementatiohselective editing define the
responses which are outside of the edit model-asape. If this is the case, then
the edit rules need to be meticulously designexttmunt for all possible errors
of potential interest. Consideration also has tgilsen as to which items and
errors may need to be dealt with using initialdiianal and macro-editing
processes given available resources.

Estimation — In order to prioritise units for editing, eadhmtuequires some form
of score allocated to it. The score will generdihgplicitly or explicitly)
encapsulate (due to Latouche and Berthelot, 19@2)mportance (size) of the
responding unit, the magnitude and influence ofettier, number of suspicious
responses per unit and relative importance oftdras or variables. Generally,
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the score will measure distance from the edit m¢eldit-related score — due to
Hedlin, 2003) or the impact on survey variablesifeste-related). In fact the
significance editing variant outlined by ABS, scobmsed on an estimate of the
expected impact on the survey variables of comgdtie error. Consideration has
to be given to how to estimate expected responsailes, e.g. using historical
data or from similar units within cell.

3. Prioritisation — In most selective editing implementations mésessary to
combine unit response score to give a global woites in order to prioritise units
for streaming in review/imputation stage. Althoughs possible that in certain
situations it is desirable to prioritise responisased on local scores, or groups of
responses. A desirable feature of some score anwxis that they have the same
distribution (or at least same location and scabepss different cells. For surveys
with different levels of aggregation a decisiona®gt made as to how to
prioritise units across different aggregations.

4. Threshold selection- The final phase of selective editing is decidiiogv to
stream priority units for review/imputation, seenit 5 in section 5.2 for details.
The decision for whether the units are subject amual (recontact or review),
automatic imputation or no selective edits is made survey by survey basis,
and should consider issues like; available ressumarformance of automatic
imputation techniques, end user tolerance of reimgiarrors. The selection of
threshold is usually carried out using a simulaapproach (where raw data
before editing and after some form of extensivéirmglis available), which
enables analysis of full error distribution, invgation of different score
functions and threshold levels. The impact of défe threshold levels for the
streams on the survey outcomes is usually measyredme form of
(standardized) bias statistic. The threshold isehao as the bias is within
acceptable bounds, considering the cost of reviepuiation in each of the
streams. However, alternative strategies for tiolkesselection are available
using either theoretical justifications (under vagyassumptions) or online
threshold selection.
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6. Recommendations for Future Consideration

Based on the evidence gathered as part of thiswewd number of recommendations
have been devised which the author believes stHmutbnsidered in developing the
strategy for implementation of selective editinghw Statistics NZ. The
recommendations are categorised into those reflatprhctical implementation issues,
foundational concerns and further research question

6.1. Practical Implementation

The implementation and integration of selectiveirglis recommendedSelective

editing is a useful implement in the toolbox ofedtitor, as it allows prioritisation of
editing resources based on the impact of erroth@survey outcomes. The resource
savings have the potential to be quite large, déipgron the survey characteristics.
Another benefit of selective editing is that ivery adaptable and has shown to be easy
to integrate with existing systems. However, itiddde noted that selective editing is
not suitable for all surveys and is not alwaysahlé as a standalone tool. Best practice
is a combination of input, traditional, selectivedanacro editing processes, the balance
of which depends on characteristics of the survey.

A strategic approach to implementation is advisé&this document provides a general
framework which should be supplemented with theajenal knowledge and
experience within Statistics NZ. Statistics NZ gldoconsider the balance it wishes to
achieve between the goals of improved data quaésgurce saving and timeliness. The
strategy should provide for flexibility across seys, while also enabling shared
approaches, functionality and systems whereverilpess

Selective editing should be integrated within adaler approach to quality improvement.
This will enable learning and feedback to be irdéenl into other parts of the survey, as
this will better enable error prevention and satiibn of user requirements. Statistics
NZ should also consider using resource savings Belective editing to improve other
parts of the survey process and analysis of suntaésy.

The development of quality standards and editindejimes should be considerethis
should enable staff at all levels and end usebeter understand the overall objectives
of editing and how they are achieved. This coldd aupport a cultural change from the
traditional “error detection and correction” mintds® modern quality focused “error
prevention”. A number of national statistics ageatave adopted this approach; indeed
some have quality managers/teams/networks. Hig#l leadership, training and support
will be required.

The principle of regular review should be adopt€lis means that both the over-arching
strategy and the survey specific implementatiomsishbe subject to continual (periodic)
performance assessment. Of particular concerrsdleetive editing parameters need to
adapt to changing user requirements, survey proesd@nd systems, technological
advances and changing populations. Mechanismsféonmance assessment and
process monitoring and control are also desirable.

Prior to survey specific implementation an exteasooping study should be undertaken
Selective editing is a powerful tool. However,dbinsidered implementations risk
seriously undermining data quality. The study sadnsider the nature of the survey,
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quality requirements, training needs, availableweses and thorough evaluation of
components of the editing strategy (e.g. edit magtere functions, edit data).

6.2. Foundational Issues

The following foundational concerns warrant additibinvestigation and consideration
by Statistics NZ.

Fellegi and Holt (1976) define three key principtégheir imputation approach (slightly
adapted for presentation):

1. Minimal changes to original data (error localisajio

2. Consistency between edit model, editing and impartat

3. Preservation of marginal and preferably joint disttions of responses.
Although selective editing is not an imputationggdure as such, the streaming it
provides impacts upon any amendment/imputationiredgu In particular, there is
concern that the final principle of preservatiortted marginal/joint distributions is not
explicitly ingrained in the selective editing framark. See Section 4 for further
discussionFurther investigation of the implication of thesencerns in practice is
recommended

Selective editing focuses attention on the imparbdmrrors within particular units.
However, it is difficult for scoring functions taetect small errors in individual units
which have large combined impact on the surveyaldes. Selective editing is certainly
not explicitly designed to detect systematic errerg. underreporting across a number of
units. Therefore in order to capture errors whiduld usually have been detected in the
traditional editing route, it is recommended tthet macro editing process be re-
evaluated upon consideration of selective editmglementation

6.3. Research Questions

Framework for score function derivation and threlsheelection- general positive
features of score functions are well known. Howgeli#le work has gone intro defining
a general objective framework for their construatibased on the literature reviewed. In
particular, the rather pragmatic adaptation of gl@dzore functions seems to have been
somewhat ad-hoc, based on purely empirical perfocm&vidence. Since the original
submission of this report the author has been raadee of work by Farwe#t al.

(2002) who consider a technical framework whiclnijgi considers the balance between
reporting bias and cost of editing. The framewantwvides analytic solutions in the case
of equal costs per edit, in terms of minimisingarimg bias for fixed cost or minimising
cost for fixed bias. However, time constraintdneted fuller evaluation of this work.

Streaming is essentially a classification problens it possible to use some modern
classification statistical tools for this probleofassification and regression trees,
Breimanet al, 1984).

Alternative scoring techniquesscores often involves measurement of magnitéide o
error and influence on variables. Can alternatiggstical tools be used effectively, for
example cross-validation/case deletion diagnog@icek and Weisberg, 1982) or non-
parametric methods? What can be learnt from thieeotesting literature (Barnett and

Lewis, 1984)?
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