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Abstract

The quality of statistical information will always be uncertain. To serve the users,
quality declarations are desirable. The aim of the editing process is to improve the quality
in statistical products. In this paper, metrics for predicting the quality of statistical products
are proposed. Empirical test will be demonstrated.

Keywords: Quality prediction, quality declaration, data editing , data imputation.
. QUALITY OF STATISTICS

1. A statistical product can be characterised by a number of properties such as i$
relevance for a set of applications, details, timeliness, resources used, quality, etc. In this
paper the focus ison the quality aspect. Quality has been emphasised as an important goal
toaim at for producers of statistics and has also been considered as an overall measure of
statistical efficiency. The quality concept is, however, neither unambiguously defined nor
easy to measure. The view adopted in this paper is that quality of a statistical estimate$
determined by the estimate's deviation from the target value ideally to bemeasured. Since
thetarget value is usually unknown, quality can only be estimated. This estimate will itself
be subjected to uncertainty, and therefore the quality must le expressed in probabilistic terms.

2. Preparation of statistical products can be considered as a chain of processes each of
which contributes to the total quality of the final product. The chain of processes may fo
example be data collection, preprocessirg, editing and imputation, storing data in a statistical
data base, retrieval of required data and calculation of the wanted statistics. One of tle
processes, the editing and imputation, has as its objective to detect and correct errorsin the
data in order to promote the quality of the statistical products. A number of differem
indicators for measuring the effect of this process have been proposed [Granquist 1997].

3. The purpose of this paper is to outline metrics predicting the quality of statistich
estimates computed from data edited by means of different methods.These metrics aim at

measurements for guiding the users about the sufficiency of published statistical information
for their applications. The metrics do not substitute, but supplement monitoring of the editing

process, the purpose of which isto give the designer of statistical surveys information about
de facto changes in data due to alternative editing methods [Engstrem 1996, Jong 1996

Stefanowics 1997, Thomas 1996].

. GENERAL PROBLEM

4, Consider apopulation of N statistical units. Without loss of generality, it can k@
assumed that each unit is characterised by asingley-variable value and a set of K x-variable
values. The vy-values are unknown target values to be observed.. Thex-values are
background data available from administrative registers, et. The individual target values are
denoted as

y,, I=1..N, andthevaluesinthex-set as x,, k=1..K and I=1..N.



-3-

5. The measurement of the target totd, Y =2 Ny, isthe goal for a statistical producer.
To achieve this goal, the producer collects dita from each unit, but the observed values may
be infected by different kinds of errors duing observation and processing. The producer tries
to counteract the attack of errors with the editing process. The individual data resulting from
the editing process can be summarised by the expression y' =y + e wheree denote

remaining errors.

6. It shall be assumed that ¢ i=1..N, are independent random variables, all witha
common mean m, and variances,. Without significant loss of generality , it is assumed here
thatm=0. Theestimate Y' = X' y;' can therefore be different from the target total valuey.

The difference may vary if the same editing process was repeated. The deviation|Y'-Y]| is

therefore an obvious candidate as a quality measure for the estimatey’.

7. Since the quality of Y' does not manifest itself before the statistical informat ion &

used, the producer of statistics would want to issue a qualitydeclaration for the statistical total

Y to guide the users. The declaration may be expressed by a limit D which the deviation
[Y'-Y] only will exceed with a specified, low probabilityPr. A low limit D indicates an

estimate of high quality, and vice versa. Preparation of areliable quality declarationD for

agiven Pr, isasignificant task for the statistical producer to satisfy the requirements of the
users of his statistical products.

8. One simple approach would be to subject a small sample of the survey observations
to an intensive editing using the background values. It could be assumed that this intensive
editing would result in correct values,the errorvariance s, estimated from the sample, and
this estimate used to predict the sampling error of the estimateY ,

S=s.* N

9. This measure expresses the uncertainty in the estimateY' because of response and
processing errors in the individual observations. Itshould not be confused with estimating
the total and its sampling error from thesample which express the error due to the fact that
only a sample of the population has been observed.

10.  If thenumber of elementsin the estimate Y' islarge enough which is usually the case
in statistical surveys, thedistribution of the deviation|Y - Y| will be approximately normal
according to the Central Limit Theorem, and a statement, for example

Pr(|Y-Y|>D=2*S)=0.05,

can be expressed. Thisexpression says tte probability isonly 0.05 that the deviation |Y'-Y]
islarger thanD=2*S.

11.  Inthe next section, this expression willbe used and the confidence limitD adopted as
an inverse quality metric in the analysis of some selected survey cases. The cases discussed
are all based on the assumption that complete surveys are carried out. The analysis can
however, be extended to take into account also errors due to he sample survey design. Since
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thistype of errorsin the statistical estimates cannot, be corrected byediting, they will not
be considered in the present context .

1. QUALITY METRICS
Case 1: An estimate based on unedited data

12.  Asastarting point, assume that data on they-variable are collected for all units and
that no background variables are available. By means of expert editors, errors in tle

individual observation valuesy.‘ can be detected andcorrected. In the current case, complete
editing is prohibitive because of few available expert editors, as well as the costs and tle

time required. However, editingof a sample of n units can be afforded. For the sample, the
editing provides, in addition to the observed y-value, the edited valuey, for each unit. The
differenceis denotede and assumed to be arandom vaiable with characteristics as specified
in the previous section.

13.  Onthe basis of the pair of values,y;” and vy, , for each sample unit, estimates of the
standard deviations.for the error eis computed. Asan estimata for Y, the following function
is used taking advantage of the edited values for the n units in the sample

Y=2"y+ 2n+1Nyjl .
The sampling error for the estimateY' will be

S= s*/(N-n).

The sampling error approaches O when n, the number of observations being edited
approachesN , acomplete edit of all unitsin the population observed.

The sampling error is used in the probability expression

Pr(]Y'-Y |>D=2*S)=0.05.
to derive the metric D indicating the limit for the deviation |Y'-Y| we will expect in 95% of
the time.
Case 2: An estimate based on simple computer edited data
14. Assumethat all in apopulation units are observed with respect to the variabley and
that data for a single background variable, x, are also available. With thehelp of editirg

experts, ardio control of the observations has been designed based on knowledge from for
example a previous similar survey.
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15. The experts pointed out that the ratio
' = 1,

where y, * and x are the observed variable value and the background variable value
respectively, shauld be within a specified range to be acceptable. Observations with aratio
outside this range are considered suspect and must be examined by human editing experts.

16.  Theratiocontrol wasimplemented in acomputer pogramme which is used for editing
the observations. N1 of the N observations are rejected as suspect and passed on fo

subsequent expert editing. The remaining(N-N1) observations are accepted by the computer
editing control. From the theory of testing hypotheses, we know that two types of errors can
be made in such a situation.

17.  Typel error isrejection of a correct obsavation. Type | errors have no effects on the

quality of the results in the present editing process since the sgpected observations are passed

on to the expert editors by whom they are identified as correct. Type Il errors, acceptance

of incorrect observations because acceptable r-values, may still, however, be among the (
N-N1) accepted observations and affect the quality.

18. Two setsof observations are now available for estimating Y':

(1) N1 observations rejected by computer control and then edited by expert editors, and
(2) (N-N1) observations which were accepted by the computer control.

Based on these,
Y= "My + DI N Y

isan estimator of Y. Note that the first term will according tothe design of the editing process
be free from errors.

The estimator can be rewritten as
Y=2%y + Y, Ve

where g =y’ -y.. If g isdifferent fromO, an error in observation j has been accepted by
the computer control. The quality of the estimate is obviously depending on tle
characteristics of the variable e. By drawing a small sanple from the (N-N1) observations and
let expert editors review the sampled observations, estimates of the meanm, and the
standard deviation s, for the variable e can be obtained. If the estimate of the mean 5
significantly different fromO, the editing process probably results in a biased estimate.

As asampling error of the above estimate we can use:

S=s5.* /(N-N1)
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In the same way as for the previous situation, a probability statement of the type
Pr(|Y'-Y|<=D=2*95=0.95 permits the derivation of the quality metric
D=2*S

19. We would probably aim at designing the editing in such a way that(N-N1) would
represent alarge fraction of the observations. On the other hand, we would also expect that
the Type 2 errors were numercally small and thats, therefore also would be small.

Case 3: An estimate based on editing with several background variables

20. Letusassume that related to each observationy' , aset of K background variablesis
also available. A relationship or pattern among the variables can be used for tle
classification of the N observations in two groups, acceptable and suspect observations
based on a computerised classification model:

% =0 if y, isnot compatible with the background variables
P= FL(Y', Xy - X« ) Where:
P=1 if vy, is compatible with the background variables

whereF1 denotes a mapping function fromthe set of patterns which may occur to the set of
the two classes. The previous case was a very simple example of such a mapping function.

The results of the computer classification will be a group of N1 suspect observations ard
another group of (N-N1) accepted observations.

21.  Assumethat a second computerised model,F2, isimplemented and is used to make
imputations of the correct values for the setof N1 suspect observations. The imputations are
based on a function using the observed values and the background values as arguments

Yi “= F2(y', Xy - X )

The two modelsF1 and F2 may have been developed from a sample of edited observations,
from a previous survey of the samekind or by meansof expert knowledge.

An estimate of Y* for the target total is obtained by the estimator

Y =Myt + 2_N1+1N Y/
We denote the deviations of the individual vallesy" andy' from the respective target values
y as

y" =y 4T, i=1...N1,

and
Y=y t+e, j=(N1+1)...N.

It should be noted that we assume that the second model may introduce editing errorsr,
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which we also assume are random with meanm. and standard deviations..

22.  Letthe expert editors examine the classifications and correctios performed by the two
computer models in small samples of units from each of the two classes. The examinatio
gives the target values of they-variable for the sample units, and the means and standad
deviations of thee- and r-variables can be estimated.

The estimate Y* above can be rewritten as

' _ yIN N1 N
Y =2 L+ 2 r + 2(N1+1) g .

Subject to the assumptions made, the sampling error forY" isthen

S'= / N1*s?+ (N-N1) * 52|

and the confidence limitD for the deviation of the estimate from the target total is computed
as above.

Case 4. An estimate based on imputed data

23.  Assumetha the producer of statistics can justify to collect and edity’ -observations
for only a samplen from the population while the background variable values are available
for all the N units. From a subsamplen, of n, an imputation model

yit = f(xg . X))

of the same type as in the previous case, is developed wherey,' =y, + ¢ . We assume that
the e-variables are random with a common finite mean m and standard deviation s.

24.  Traditiondly, they-valuesfor the sample of n units and the background values would
be used in some estimator to generate estimates for the target total Y with corresponding
quality measures. The quality of the estimate Y would usually reflect the fact tha
uncertainty isintroduced because of the sampling ofn observations.

25.  Alternatively, theimputationmodel is used to get individual predictions ofy,' for all
(N-n) units not observed in the sample. The estimator used is now

Y =2"y + 2n+1Nyjl

which rewritten becomes

Y=2"y + 2.,

The uncertainty is now introducedbecause the imputed values are assumed to be affected by
random errors. The sampling error of Y' is

S= s./(N-n)
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where s, is the standard deviation fore. An estimate of this parameter is obtained by using
asmall fraction of the sample n, the(n-n,) units not used to build the imputation model. For
this subsample, the imputation model is used to get imputed valuesn addition to the observed
and edited values, ands, is computed as the root of

s°= Z(y' -y (n-n, -1)

Asfor the previouscases, the confidence limit D for the deviation of | Y'-Y| is derived as for
the cases discussed above.

IV.EMPIRICAL ILLUSTRATION

26.  Therdliability of the quality metrics presented in section 3 of thigpaper could be tested

in a number of ways. One approach is to use a set of edited data, referred to as the targe
values, from areal statistical survey asthe starting poith for the tests of the cases described

insection I11. Errors could be imposed on the edited dah, the editing method to be evaluated

applied to identify and corrected errors, estimates of totals computed, the quality of tle

estimates predicted and finally the results from the method evaluated. Because the exat

target values are known as well as the imposed errors, both the quality of the results of the
method studied can be evaluated as well as the reliability of the quality predictions.

27.  Another approach would be to find atest materia for which loth the original observed
dataincluding errors and the edited target data, were preserved. Unfortunately, this type of
datais seldom available. When available, the quality of the edited values can frequently be
guestionned.

28.  Themetricsintroducedin this paper will be illustrated with tests on empirical data of
the underlying assumptions and their performances.
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