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l. INTRODUCTION

1. In 1998, as part of a mgjor efficiency programme, ONS undertook the devel opment and
application of new methodological approaches to substantially reduce the total costs of the survey
operation. This work was restricted to the development of short-term improvements, or quick wins, to
existing systems rather than total re-engineering (Tate at a., 2001). This comprised the implementation of
automatic editing on some types of error and the methodology of selective editing (Lawrence and
McKenzie, 2000). Automatic editing is now implemented on 8 surveys, and selective editing on 5
surveys, these editing procedures have created savings of about £250K from the total survey costs.

2. Selective editing has been applied to the New Earnings Survey (NES) since 2002. NES is a panel
survey in which 240,000 questionnaires are sent out to 80,000 employers annually, with approximately
169,000 responses used in results. In practice, about 75% to 80% of employees remain in the sample
from one year to the next. NES is a complex survey that produces statistics on average pay in many
domains, and also an estimate of the number of employees earning below the National Minimum Wage
(NMW). Selective editing is applied to five key pay variables, two are directly captured: Basic Weekly
Pay and Gross Annual Pay; whilst three variables are derived: Gross Hourly Pay, Hourly Pay Excluding
Bonuses and Gross Weekly Pay. The variables are scored and their scores compared to specified
thresholds. The threshold values are set to ensure that the overall editing bias, which results from not
editing al records potentially in error, of the estimator of a population parameter of interest is small in
relation to the standard error of the estimate. The thresholds are determined using past pre-edited and
edited data.

3. Analysis of past NES data has shown that selective editing identifies potential errors that can
have a substantial impact on estimates of averages, but fails to identify many errors that have an impact
on low pay estimates. For this reason, separate edit checks were set up for low pay datain NES. This
causes a conflict over the alocation of the limited editing resource to cater satisfactorily for the multiple
requirements of the survey. A fixed number of data analysts are employed solely to scrutinise and edit all
types of error in NES, and work to afixed deadline by which to clear the errors. For both the 2003 and
2004 survey cycles, the volume of validation failures was far higher than expected and eventually
overwhelmed the workflow. During the later stages of the editing period, the selective editing thresholds
were raised in order to target those records with the most significant influence on the final estimates. The
timing of the change to the thresholds and the amount by which they were raised were not determined
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according to pre-specified criteria. It was done on atrial and error basis, and the impact of the change on
data quality could not be assessed.

4, The objective of this paper is to develop a framework to support the management of the editing
process in such away that data quality is maintained. In Section 11, we describe a simple decision rule
that will indicate when available resources will be insufficient to cope with current and expected
workload. In Section 111, we propose a method to determine the amount by which thresholds can be raised
in order to satisfy editing capacity constraints, whilst maintaining data quality. We will use NES to
demonstrate the method. We conclude the paper with some remarks about the implementation issues that
need addressing, and discuss briefly the strategy for the future.

. DEFINING A DECISION RULE

5. We want to set up a simple decision rule that will inform data analysts at regular time intervals
whether available resources are sufficient to cope with current and expected future workload. The rule
involves comparing available man-hours with an estimate of the number of man-hours needed to
complete the manual editing of all current and future records with errors. We first introduce some
notation.

6. The editing process starts at time t, and must be completed by time T. Timet, t, £t <T , can

refer to a particular day or a week, depending on the survey cycle. In this paper we will refer to timein
weeks. The editing process is comprised of several stages, and at each stage specific edit checks are
applied. Some of these checks are hard (fatal), some are soft (statistical). As a simplification, we partition

failed records into two types. Let records that fail only soft edit checks be of type Eg; , and let the

remaining failed records be of type E_,. . Records of the latter type are generally all manually edited.

other

When selective editing is applied to a survey, only a subset of the records of type E_; are manualy
edited. Records in this subset are said to be of type E .

7. Let n bethetotal survey sample in the current survey cycle; n be the number of responses
that are returned by time t, t, £t <T ; and n, ; be the number of responses that will arrive in the time
interval (t,T] .Let [ bean estimator of the response rate of the survey; this estimator can be the
response rate from the previous cycle. Then, an estimator of n, ; isgivenby fi; =fn- n_ .. This

estimator will be approximately unbiased if the subset of responses received by time t isarandom
sample of the set of all expected responses.

8. Let Pg ; @d Pope,, . € the proportions of failed records of types Eg and Eqy,
respectively, which are processed by time t. Let n§, . and n§). . . be the number of recordsin the
backlog with errors of type E and E,,, , respectively, at time t. Recordsin the backlog are those that

arrive before time t and are waiting manual editing.

9. We need to estimate the total man-hours needed to process the records in the backlog and future
records with errors. To obtain this estimate we need to estimate a number of parameters. Let Py and
Poter ¢ 7 0€ the proportions of records of types Eq;,, and Eg , respectively, in the set of records that

arrive in the time interval (t,T] . Their respective estimates, Pype v @d Psg, 1, CaN be computed using
data from previous cycles of the survey and/or data up to time t from the current cycle. In surveys where



the questionnaire has been changed substantially, we recommend using data from the current survey
cycle only, unless no processing has started for a particular type of error by time t . In the current NES
editing system, some low pay edit checks are applied towards the end of the editing period. Therefore, we
have to estimate the number of failures using the previous year's data. In the next section we evaluate the

accuracy of the proportion Pg , ; @ an estimate of Pg ; ;. The estimators of the number of records that
reguire manual editing in relation to the different types of error are then given by Ayt = M Poger ¢ 7

and Ngg,r =N 1 P, 7 - The estimator of the total man-hours needed to process the records in the
backlog at time t and future records with errors is given by

H zgfrt?erqltjired) = (ﬁg?to,t + ﬁSE,t,T )mSE,t,T + (ﬁé?ﬁer toot + ﬁOther LT )ﬁ-bther LT
where My, and My, ; are estimators of the mean processing time per record of types E¢ and

, respectively, for records in the backlog and future failures. Let H (%**) pe the available man-
her t,T

hours for editing in the time interval (t,T] . The decision rule is then:

Itattime t H{E™ £ H Y do nothing,

Else, reduce the number of records for manual editing by an amount U,  so that
ired it

H e £ HGwm,

10. In order to reduce the number of records that are manually edited in the remaining editing period
(t ,T] , We propose to raise the selective editing thresholds by a safe amount. This can reduce the amount
of manual editing substantially while maintaining the quality of the data, as we will show in the next
section. To determine the amount U, + by which to reduce the number of records that are manually

edited, we first solve the equation
A (B) A (capacity) )& A(B) A A — 14 (capacity)
(nSE,to,t + nSE,t,T )nEE,t,T + (n01her,to,t * Noger T )n-bther tT Ht,T ’

where the solution is denoted by n§PF™) . Then, u,; = (ﬁg?to’t +Ag, )- nigaev)

Estimating the mean processing time per record with errors

11. In the above analysis we assumed that we can estimate separately the mean processing times for
records of types Eg and Ey,, , which we denote by Mg+ and My, 1 - The parameter Mg+ can

be estimated using the ratio of the total processing time of records of type Eg to the number of records
of the same type and processed in the time interval [tO , t) . However, because there are error sub-types
within type Eq,, that are only dealt with towards the end of the editing period, we cannot obtain a good
estimate of My, ; Using only data from records processed in the interval [to,t), especialy for early
times. We consider two ways to deal with this problem:

@ Estimate the mean processing time for the main distinct error sub-types within E,,, using data
from the current survey cycle, when available in alarge enough quantity, and data from the
previous survey instance otherwise.

(b) Estimate an overall mean processing time for type E,, recordsusing datafrom responses
processed after time t in the previous cycle of the survey.



Solution (b) will yield aless accurate estimate of My, .+ than solution (a), especially when a

questionnaire has been amended and/or new edit checks have been introduced. However, solution (b) is
easier to implement.

12. Note: the mean processing time could not be estimated separately for the different error typesin
previous cycles of NES, as the relevant information is not available. In the next cycle, My, + Will be

estimated by computing the average processing time per record over al error types in the previous cycle.
We plan to set up a system to make the appropriate measurements for future cycles.

M. REVISION OF SELECTIVE EDITING THRESHOLDS TO MEET RESOURCE
CONSTRAINTS

13. Selective editing at ONS is implemented using the scoring method developed in Hedlin (2003).
Let Y. Y,,..., Yy bethe K key variables of the survey that are individually scored if arecord fails a soft
edit check related to any of the variables. Let t,  be the score of unit i for variable Y, , and t . bethe

associated selective editing threshold. Records in which at least one of the scores exceeds the associated
threshold are manually edited.

The score of unit i for variable Y, is given by

t _ Wi(yi,k,l - |(Er|ed))
ik ™ red !
o
where W, isthe weight of unit i, y¥* isthe predicted value of variable Y, for unit i at survey cycle

I, and TSR isthe predicted total of variable Y, indomain D at survey cycle |, where D is adomain

of interest. In NES, the predicted value, y{Pt?, is the value from the previous cycle, if available,

otherwise, it is the domain median of the values from the previous cycle. The predicted total is the
estimated domain total from the previous cycle.

14. The thresholds t k are determined on the basis of the (editing) bias ratio that results from not

editing records with scores below the threshold. The threshold values for NES were obtained from the
editing bias analysis carried out using 2001 data, which is prior to the introduction of selective editing to
the survey. Graph 1 displays the (editing) bias ratio of the variable 'Weekly Basic Pay'.

15. When choosing a threshold value, we require;

1) The (editing) bias ratio to be small.

2) The graph of the (editing) bias ratio to be quite flat around the threshold; this ensures that the
threshold value is robust (Jones 2002).

3) The percentage of domains in which the (editing) bias ratio exceeds 50% to be very low.

Note: the value of the (editing) bias ratio that is acceptable depends on the quality requirements of a
survey. However, we require that the (absolute) bias ratio does not exceed 50%, as higher values would
result in invalid confidence intervals (Sarndal et al. 1992).
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Graph 1. Absolute editing bias ratio as a function of threshold values for Weekly Basic Pay

16. We can see that, overall, the (editing) bias ratio increases for threshold values up to around 0.06,
then decreases for values up to around 0.11, before increasing again steadily. The first increase occurs
because most records with avery low score, below around 0.06, have a returned value lower than the
edited value. The proportion of records in which the returned value is higher than the edited value
increases with the score. When the threshold is above about 0.06, the differences between the returned
and edited values start to cancel each other out, which causes the bias ratio to decrease. When the
threshold is above about 0.11, the proportion of records in which the returned value is higher than the
edited value becomes too high, and this causes the bias ratio to start increasing again.

17. Now, can we use Graph 1, which was obtained using 2001 data, to set thresholds for other survey
cycles? We plotted the same graph using data from 2002 to 2004, and the shapes of the graphs were quite
similar, even though in 2003 and 2004 selective editing was applied. The similarity between the graphs
can be explained by the fact that most records that failed soft edits in 2001, but scored low, were
unchanged after editing. Thisis also true for the other NES key variables. The threshold value that was
recommended for 'Weekly Basic Pay' is 0.01. We can see from the graph that the resulting bias ratio is
very low, and, from Table, 1 that no domain has a bias ratio that exceeds 20%. The threshold is chosen on
the basis of the overall bias ratio, but we can see that it also performs well at domain level. This is
because the scoring function relates the discrepancies between returned and edited values to the domain
estimates. The threshold value of 0.01 for 'Weekly Basic Pay' is very conservative; it can be increased
safely to 0.07. However, it is risky to choose threshold values higher than 0.10, in case the graph of the
actual bias ratio in future cycles of the survey shifts to the left of the 2001 graph by a non-negligible
amount. In such cases, the bias ratio could exceed 50% for thresholds higher than about 0.10.

Biasratio Weekly Basic Pay Gross Annual Pay
Range
Threshold = 0.01 | Threshold = 0.07 | Threshold = 0.015 | Threshold = 0.10
0%-10% 99.76 97.81 98.31 92.05
10%-30% 0.24 1.46 144 6.27
30%-50% 0.00 0.49 0.25 0.72
50%-+ 0.00 0.24 0.00 0.96

Table 1: Percentage of domainsin different ranges of bias ratio; thresholds = (0.010, 0.015)



A method to determine new thresholds that satisfy capacity constraintsin surveys where several
variables are scored

18. In surveys where a large number of variables are scored, it is computationally more efficient to
reduce the number of variables that are used to determine a new set of thresholds. This can be done by
grouping together variables with highly correlated scores. In NES, it was noted that the scores of the four
key variables Weekly Basic Pay, Gross Weekly Basic Pay, Gross Hourly Rate, and Gross Hourly Rate
Excluding Overtime were highly correlated. In what follows, we will describe the method with two
groups of variables, but it can be easily extended to more groups. We partition the scored variables in two
groups, and a variable is chosen to represent each group. In NES, Group 1 is composed of the weekly and
hourly variables, which we represent by the variable 'Weekly Basic Pay'. Group 2 is composed of 'Gross

Annual Pay'. We represent the original thresholds of the two groups of variables by the pair (t Lt ) The

first component is associated with the first group, and the second component is associated with the
second group. Because some survey variables can be more important than others, and assuming that the

variables in a single group are of similar importance, we associate the coefficients a, and a, to group 1

and group 2, respectively, to reflect the importance of each group of variables. The coefficients are such
that a, +a, =2, that is they add up to the number of groups.

19. Because of the shape of the (editing) bias ratio graph and the uncertainty about the position of the
actual shape of the graph in future cycles of the survey, we want a new pair of threshold values (d1 ,d; )
such that:

(a) it is as close as possible from the original pair (t Lt );

(b) resource constraints are satisfied;

(c) each threshold value does not exceed the highest value that can be considered safe for the

associated group of variables; we denote these bounds by b, and b, , respectively

In NES, using the graphs of the bias ratio against the threshold, which were obtained using past data, the
safe upper-bound value for the weekly and hourly variablesis set to 0.07, whereas for 'Gross Annua Pay'
itissetto0.10.

20. Hence, to find the new acceptable set of thresholds, we need to solve the following optimisation
problem:

Minimise d((dldz) (tl*,t;);al,az)

di.d;

Subject to

A

Nsger (t 1 i 2) - ﬁSEt,T (dl*’d;)3 Ur,

d, <b,and d, <b,,

where d ((d;,d;), (t;,t 2) ;al,az) is a distance function between the original pair and the new pair of

thresholds, and where fig (t ot 2) and Agg, (dl d2) are the estimates of the future number of

records of type Eg under the original and the new pair of thresholds, respectively. The distance function
incorporates the importance coefficients for each group of variables. An example of such a distance
al‘dl* - tl*‘+a2‘d; - tz‘

> .

function is d((d;,d;),(t;,t;);al,az) =



21. Because we do not have explicit expressions for the estimators g, (t ot 2) and

Nsg (d1 , dz) , we cannot solve the optimisation problem using the Langrange method. Instead, we

propose a simple heuristic method that finds a near-optimal solution. The heuristic is an iterative method
based on the hill climbing technique. At each iteration we examine three candidate solutions. Let

(dl(k'l) ,dz‘k'l)) be the solution at iteration k - 1. Then, at iteration k we consider the neighbouring

solutions (dl(k'l) +el,d2(k'1)), (dl(k'l),dz(k'l) +ez) , and (dl(k'l) +g,d{Y +ez) ,where e, and e, are

specified positive increments. The values of the increments will depend on the values of the scores. For
NES, they can be set to 0.01 for 'Weekly Basic Pay' and to 0.02 for ‘Gross Annual Pay'. Note that at

iteration 0, (d,d{®) =(t;.t;).

@ The algorithm is as follows: at iteration K :

(b Construct the three candidate solutions from the solution at iteration k - 1.
(© For each candidate pair of thresholds do:

1. Check whether both components are below the acceptable bounds b, and b, . If they are, then

continue, otherwise reject the pair.
2. Compute the proportion Pg bt under the candidate pair of thresholds and the associated estimate

A

nSE,t,T '

3. Compute the difference between the original and the new estimates ﬁSELT . If this difference is

more than the required amount U, -, then the candidate pair of thresholds is considered feasible.
Compute the distance between the original solution and the candidate solution.

Compute the value of the ratio of the reduction in the amount of manual editing to the distance
between the original and the candidate solution. This ratio indicates the rate of improvement from
the original solution.

o s

(d) If at least one of the solutionsis feasible (see step 3), then stop the al gorithm. The solution with
the highest ratio is chosen. Else, if not all three pairs are rejected (see step 1), then select the
candidate solution with the highest ratio as the solution at iteration k . Set iterationto k +1, and
repeat steps (a) to (c). Else, backtrack to iteration Kk - 1, choose the next best solution and repeat
steps (@) to (c).

22. If no solution that satisfies the editing capacity constraint can be found, then we need to consider
alternative actions. We will not discuss these alternatives in this paper.

Simulations of the implementation of the method:

23. We carried out simulations using NES 2004 data to: (a) demonstrate the substantial reduction in
manual editing that can result from raising thresholds; (b) evaluate the estimator of the proportion of
future records of type Eg. . We consider each in turn.

(@) Reduction of manual editing by raising thresholds:

24, Suppose that at the beginning of the editing period the pair of thresholds applied was  (0.010,
0.015), and we decided to switch to the pair (0.02, 0.05) at week 5. This would result in reducing the
number of records that are manually edited by about 12,000, which represents about 19% of the number

of type Eg records to be manually edited if the original thresholds were applied throughout.



25. It can be shown that the (editing) bias ratio that results from switching from one pair of
thresholds to another at a given time is lower than the maximum of the (editing) bias ratios under the
individual pairs, provided that the switch is not made too early and not too late. Enough records are
needed for terms to cancel each other in the expression of the editing bias. Therefore, by switching to the
new pair of thresholds (0.02, 0.05) from week 5 onwards, the (editing) bias ratio for Group 1 variablesis
below 6% and for 'Gross Annual Pay' below 12%.

(b) Evaluation of the estimator of the proportion of type Eg. records:

26.  To estimate the reduction in the number of records that need editing because of a changein
threshold values at time t, we need to estimate Pg , 1 . In Section 1, we proposed to estimate this
proportion by computing the equivalent proportion from data available by time t in the current cycle;
that is, by Pg ;- We evaluated the accuracy of the estimator pg , ; using data from NES 2004. The

editing process lasted 20 weeks, so, for theweeks t, t =1,...,19:
@ we predicted the proportion in the remaining period (t ,T] ;
(b) we computed the actual value of the proportion in the period (t ,T] ;

(© we computed the absolute relative difference between the predicted proportion and the actual
proportion (we call the relative differences prediction errors).

27. As above, the starting pair of thresholds was (0.010, 0.015), and the second pair was (0.02, 0.05).
We can see from Graph 2 that the prediction errors are small when the estimates are computed between
week 5 and week 15, but increase substantially after that. Graph 2 shows that the prediction error for

f)SE 1 changes wildly towards the end; this is caused by the big changes in the proportion of type Eg

records. This proportion was 41% in week 18, 61% in week 19, and 45% in week 20. The 2004 data
suggest that amending the thresholds between week 4 and week 15 would lead to a quite accurate

estimate of the proportion Pg ;. The pattern of arrival of questionnaires could be different in future
cycles of the survey. However, we expect the quality of the estimates to be good, provided that an
adequate volume of records is processed.
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Graph 2: Prediction errorsfor the estimators of selective editing failure proportions as a function
of the switch time between the pairs of thresholds (0.010, 0.015) and (0.02, 0.05).



V. CONCLUDING REMARKS

28. Selective editing has brought substantial resource savings to ONS over recent years, but the
methodology and its implementation must be constantly reviewed to respond to new challenges. In the
next survey cycle of NES we face alot of uncertainty, especially because of the redesign of the survey.
We are planning to use the method for controlling the workload in a basic way. We are also planning to
set up a system to make the measurements needed to obtain accurate parameter estimates, which will
make the decision rule we defined in Section || more effective. The errors management system that we
are putting forward should go some way towards controlling the quality of the data under resource
constraints. However, we need to improve the whole processing operation; currently ONS is undergoing
a statistical modernisation programme, this provides an opportunity for re-engineering the processing
operation.
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