Journal of Official Statistics
Vol. 1, No. 3, 1985, pp. 287-300
(© Statistics Sweden

On the Treatment of Nonresponse in
Sample Surveys

J. G. Bethlehem and H. M. P. Kersten'

Abstract: In carrying out a sample survey one
is often faced with the problem of nonresponse
and the possibility of bias which may be
induced by this phenomenon. In this paper
some techniques are presented to deal with
nonresponse. A criterion is proposed to judge
whether the possible effect of nonresponse is
unacceptably high. Additionally, an inexpen-

1. Introduction

Nonresponse is the phenomenon that units in
the selected sample and eligible for the sample
survey do not provide the requested informa-
tion, or that the provided information is un-
usable. The situation in which all requested
information on a unit is missing is called unit
nonresponse. If information is missing on
some items only, we talk of item nonresponse.
We will restrict ourselves to the case of unit
nonresponse. Due to nonresponse the sample
size is smaller than expected and, especially in
case of high nonresponse rates, may give rise
to increased variances. The main problem
caused by nonresponse is that estimates of
population characteristics may be biased. This
situation occurs if due to nonresponse, some
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sive technique, called the Basic Question
Procedure, is suggested to obtain insight and
to reduce a possible bias due to nonresponse.
Finally, a weighting technique based on linear
models is discussed.
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groups in the population are over- or under-
represented and these groups behave differ-
ently with respect to the characteristics to be
investigated.

Indeed, estimators must be assumed biased
unless very convincing evidence to the contrary
is provided. A follow-up study of the Dutch
Victimization Survey showed that people who
are afraid when they are alone at night are less
inclined to participate in the survey. In the
Dutch Housing Demand Surveys it turned out
that people who refused, demand less housing
than people who responded. For the Survey
on the Mobility of the Dutch Population, it is
obvious that mobile people are underrepre-
sented among the respondents.

Recently, the magnitude of the non-
response in many Dutch sample surveys is
increasing to such an extent that without
special adjustment techniques, one has to
reckon with a decrease in the quality of the
results. Table 1 presents nonresponse rates for
a number of Dutch surveys which are carried

-out by the Netherlands Central Bureau of

Statistics. Also, the nonresponse rates due to
refusals are presented.
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Table 1. Nonresponse Rates (NR) and Refusal Rates (RR) of some Dutch Sample Surveys in
Percent
Year Sample survey
Labour Force Survey of Survey on Well- Surveyon Holiday
Survey Consumer Beingof the Mobility Survey
Sentiments Population
NR RR NR RR NR RR NR RR NR RR
1972 29
1973 13 23
1974 25 . 28 16
1975 16 9 22 18 14
1976 28 19 23! 16 13
1977 13 7 31 21 30 17 19 9
1978 36 24 33 26 22 13
1979 19 37 24 357 21 31 24 26 16
1980 39 25 39 24 32 23 26
1981 19 11 35 24 32 24 26
1982 40 27 36! 25 35 26 29 .
1983 18 37 24 42 26 34 27 26 17
1984 30

elderly only. 2 youngonly. ..=not available.

It is difficult to compare response rates from
different surveys, but for each of the surveys
one can study nonresponse figures over a
number of years. The magnitude of the non-
response is determined by a large number of
factors, including the subject of the survey,
the target population, the time period, the
length of the questionnaire, the quality of the
interviewers, the fieldwork in general, etc. It
is clear from Table 1 that nonresponse is a
considerable problem. It has an impact on the
cost of a survey since it takes more and more
effort to obtain estimates with the same accu-
racy as originally specified in the sampling
design.

Nonrespondents can be classified in three
important groups. People in the first group
refuse to cooperate. Sometimes it is possible
to make an appointment for an interview at
some later date. However, frequently the
refusal can be final. Possible causes are fear of
privacy intrusion and interview fatigue.

The second group of nonrespondents are
the not-contactables. No contact is made due
to that pcople are not at home, due to removal
or duc to other circumstances such as watch-
dogs, dangerous ncighbourhoods or houses

which are difficult to reach. Generally speak-
ing, people are increasingly hard to contact.
Important factors are smaller family sizes,
greater mobility and a larger amount of spare
time which is spent outdoors.

The third group of nonrespondents consists
of people who are physically or mentally not
able to cooperate during the fieldwork period.
Also, language problems can cause this type
of nonresponse.

To be able to build a well-founded theory of
nonresponse adjustment, it is necessary to
incorporate the phenomenon of nonresponse
in general sampling theory. To that end, in
Section 2, the Fixed Response Model is intro-
duced. It then becomes clear how non-
response affects estimators of population
characteristics.

Section 3 proposes a criterion to judge
whether the possible nonresponse bias is
so high that additional measures become
necessary. This criterion was applied in the
1981 Dutch Labour Force Survey.

A good way to obtain more information
about nonrespondents is to select a sample
from the nonrespondents and try the inter-
view again. Particularly when people are not
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at home after a number of calls, this can be a
successful means to obtain missing informa-
tion. The technique can also be tried with
refusals, but in that case it will take specially
trained interviewers. Sampling the non-
response is a costly and time-consuming
process and therefore the technique is not
applied very often. The Basic Question Proce-
dure is a simpler and less costly procedure,
which can be used for refusals but also for not-
at-homes. If a selected person refuses to co-
operate and there is no chance of obtaining a
complete interview at another time, one can
try to obtain answers on only one or two
important questions of the survey. Use of the
Basic Question Procedure need not be re-
stricted to refusals. For not-at-homes and also
other nonresponse categories these questions
can possibly be answered afterwards by tele-
phone or by mail. In these cases, attention
should be paid to response effects. In this way
information is collected about the possible
biases of different nonresponse categories
with regard to the most important topic. This
technique is discussed in Section 4.

One of the most important and frequently
used weighting techniques is poststratification.
Using information about the target population,
the sample is divided in strata and all respon-
dents within a stratum are assigned the same
weight. Application of poststratification can
be difficult if the sample size is small compared
with the number of strata, or if there is not
enough population information. Recently at
the Netherlands Central Bureau of Statistics,
a more general theory of weighting based on
linear models was developed. This new
technique is discussed in Section 5 and illus-
trated by an example.

2. Some Theory on Nonresponse

Let the target population of the survey consist
of N identifiable elements, which are labeled
1,2,...,N. Associated with each element k is
an unknown value Y, of a characteristic to be

289

investigated. The objective of the sample
survey is assumed to be estimation of the
population mean

@2.1)

To estimate this quantity, a sample of size n is
selected. The characteristics of the sampled
elements are denoted by y,, y,,...,y, (the y/’s
are a subset of the Y;’s). If there is no non-
response in this simple random sample, then
the sample mean

Vi
1

I M=

y=1 2.2)

is an unbiased estimator of the population
mean Y.

In the literature, two different basic views
are used of how nonresponse occurs. We label
these views the Random Response Model and
the Fixed Response Model. The Random
Response Model assumes that every element
in the population has a certain unknown
probability of response. We restrict ourselves
here to the Fixed Response Model. In this
view, the population is assumed to consist of
two mutually exclusive and exhaustive strata:
the response stratum and the nonresponse
stratum. Elements in the response stratum
would participate in the survey with certainty,
if selected in the sample, and elements in the
nonresponse stratum would not participate
with certainty, if selected. The Fixed Response
Model can be regarded as a special case of the
Random Response Model in which the
response probabilities are either 0 or 1. The
Fixed Response Model results in simple
formulae which improve insight into the
effects of nonresponse. Both views of non-
response are discussed by Kalsbeek (1980)
and Lindstrom et al. (1979). The Fixed Re-
sponse Model is treated in Kersten and
Bethlehem (1981) and the Random Response
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Model is used in Bethlehem and Kersten
(1981a, 1981b).

For the Fixed Response Model the size and
contents of both strata are determined by a
number of technical factors, such as the
subject of the survey, the size and contents of
the questionnaire and the time period of the
fieldwork. Quantities which relate to the
response stratum will be subscripted by r and
quantities relating to the nonresponse stratum
have the subscript nr. In this fashion, the
number of elements of the response stratum is
denoted by N, and that of the nonresponse
stratum by N,,. Likewise the means of the
characteristics in both strata are Y, and Y,,.
The difference

c=Y-Y7, (2.3)

between these two quantities is called the
contrast, which is an indication of how
respondents and nonrespondents differ on the
average. The relative size of the nonresponse
stratum is denoted by

Q=N,/N, (2.4)

which is the expected value over all possible
samples of the observed nonresponse rate
n,, /n.

If nonresponse occurs in a sample of size n,
only observations on n, respondents become
available (n=n,+n,,). The mean y, of these
observations is an unbiased estimator of the
mean )7, of the response stratum, i.e.,

EG)=7Y,. (2.5)

If Y, differs from Y, then ¥, is a biased estimator
of Y. The bias is equal to

BG,) =EF)-Y=Y,-Y=0C. (2.6)

Journal of Official Statistics

The bias is determined by two factors: the
relative size of the nonresponse stratum and
the value of the contrast.

We call an estimator precise if its possible
outcomes do not fluctuate very much. The
precision can be measured by the variance of
the estimator. If an estimator is biased, the
precision is not a good indicator of the quality
of the estimator. We call an estimator accurate
if its possible outcomes are close to the value
which is to be estimated. The accuracy is
measured by the mean square error. It can be
expressed as

MSE(yr) = E( Yr_)—/)z = V(yr) + Bz(yr) ’
@2.7)

in which V(y,) denotes the variance of the
estimator y,. In general the variance will
decrease as the sample size increases. How-
ever, this is not necessarily the case for the
bias component of the mean square error. As
can be seen from (2.6), the bias-part of (2.7) is
independent of the sample size. Increasing the
sample size will not reduce the bias. Some
other measure must be taken to decrease the
bias.

3. Call-Back Criterion

Usually, the quality of an estimate of a popu-
lation characteristic is indicated by a confi-
dence interval. If all sampled elements coop-
erate and the sample mean y is approximately
normally distributed, then the 95 %-confi-
dence interval for Y is equal to I, where

I=H-1965y), y +1.96 S(¥)) 3.1
in which S(.) denotes the standard error of the
estimator. The probability that this interval
contains the true value Y is approximately
equal to P(Y € I), where

P(Yel)=.95. (3.2)
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In case of nonresponse, the construction of
the confidence interval will have to be based
on the mean y, of the observations in the
response stratum instead of y . If y, is
substituted for y in (3.1), the resulting
interval [, has the property that

P(YG Ir) =¢(196 - B(yr)/s(yr))
- ¢(-1.96 - B(y,)/IS(7,) » (3-3)
in which ¢(.) is the standard normal distribu-
tion function. Table 2 gives values of the
probability (3.3) for a number of values of

|BGISGI-

Table 2. The Confidence Level of the Confi-
dence Interval I, as a Function of |B(3,)/S(3,)|

|BG)ISG)

P(YEL)

.95
.95
.93
.91
.87
.83
.78
.
.64
.56
.48

cwoaroRND

D = =

It is clear that the confidence level can be
much lower. If the bias is equal to the standard
error the confidence level is .83 and not .95.
As the ratio B(y,)/S(y,) differs more from
zero, the situation becomes worse and the
confidence interval no longer gives a correct
indication of the true value.

We apply these results in the construction of
a call-back criterion. It is only a proposition.
Other criteria are also possible. The under-
lying assumption of our criterion is that the
bias is unduly large if

|BG)ISG)| = 1. (3.4
Since V(¥,) can be approximated by
(N/n-1)Y,(1-Y,))N(1-Q), (3.5)
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and since (3.5) is smaller than or equal to

25(N/n-1)/IN(1-Q), (3.6)
call-backs should take place if
ICl = 5V(N/n)-1 1 QVN(1-Q).  (3.7)

See also Kersten and Bethlehem (1981). The
relative size Q of the nonresponse stratum can
be estimated from the sample. Of course, no
exact information for Cis available. However,
the inequality (3.7) can be useful because it
allows an educated guess about C to be made
on the basis of other nonresponse analyses or
on experience with the specific survey. It is a
useful tool in the planning and processing of a
survey. Since it incorporates both sampling
error and nonresponse bias, it helps to allo-
cate financial resources in such a way that
within budget constraints, the best possible
estimates are obtained.

The call-back criterion was applied in the
1981 Labour Force Survey. From all munici-
palities a sample with the sampling fraction of
.05 was selected. So, for each municipality 7
and N were known, and Q could be estimated
by the nonresponse rate in the field. Using
N/n=20 the call-back criterion becomes in
this case:

ICl = .5 V197 (OV/N(1-0)).

Thus, call-backs should be made when (N, Q)
lies above the curve, given by

VN =5Vi9/(cloVig ) .

for a given contrast C. On the basis of theo-
retical considerations and available knowl-
edge about certain important and sensitive
characteristics, realistic values of the contrasts
were determined. The contrast-values were
substituted in (3.9). Consequently, for each
municipality that did not pass the criterion,
call-backs were carried out.

(3.8)

(3.9)
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Fig. 1 gives curves corresponding to a
number of contrast values. A point on the
curve corresponds to a nonresponse rate and
the population size for which (3.9) holds. If
the point, corresponding to a municipality,
lies above the curve then call-backs must be
made. In that case, the nonresponse bias is
greater than or equal to the standard error of
the estimate. Fig. 1 also contains the points for
a number of large cities. If, for example, a
contrast of 2 is considered, then call-backs
must take place in Amsterdam when the non-
response rate exceeds 15 percent and in
Rotterdam when the nonresponse rate exceeds
20 percent. Higher nonresponse rates may be
tolerated for smaller cities given the same
considered contrast, since the standard errors
of the estimates are larger there.

The criterion, as presented in (3.4), is
meant to protect against improper inter-
pretation of computed confidence intervals of
estimates. In the case of small samples, the
criterion allows a large bias. If a large sample
is selected, only a very small bias is allowed.
So, the criterion does not guarantee accurate
estimates. If accuracy is to be taken into
account, the right-hand part of Fig. 1 should
not be used. Points in that part of the figure,
which satisfy the criterion, correspond to
inaccurate estimates.

4. The Basic Question Procedure

Hansen and Hurwitz (1946) were among the
first to recognize that nonresponse can lead to
biased estimates of population characteristics.
To investigate the nonresponse in mail
surveys, they proposed to select a sample of
nonrespondents. The selected nonrespon-
dents were visited by interviewers who tried to
collect the desired information by means of a
face-to-face interview. This technique can
also be applicd when the data in the original
sample were collected by interviews. A
sample of refusers were visited by inter-
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viewers specially trained to deal with non-
respondents.

A lot of information can be obtained by
subsampling the nonrespondents. However, it
is a costly and time-consuming technique, and
therefore it is not often applied. Kersten and
Bethlehem (1984) propose the Basic Question
Procedure as an inexpensive alternative,
which can be used if there is no hope of a
complete interview (at that moment or later).
The Basic Question Procedure is based on the
idea that people who refuse to answer all
questions, are frequently willing to answer
one or two questions. Most surveys contain
one or two basic questions that capture the
essence of the survey as a whole. Table 3
presents the Basic Questions used for a
number of Dutch Surveys. Answers of non-
respondents to Basic Questions give insight in
possible bias with respect to important charac-
teristics of the population.

The use of the Basic Question Procedure
need not to be restricted to refusals. For not-
at-homes and for other nonresponse catego-
ries, these questions can be answered after-
wards by telephone or by mail. In these cases,
attention should be paid to response effects.

To be able to compare answers on the
Basic Question by respondents and non-
respondents, the basic question has to be
asked to both groups in circumstances as
similar as possible. For respondents, this
means that the question should be one of the
firstin the interview. If the answer turns out to
be wrong in the course of the interview,
because it is inconsistent with answers to other
questions, then the answer may not be
corrected for reasons of comparison and bias
reduction purposes. However, for other
purposes the correct answer should also be
processed.

If respondents and nonrespondents give
different answers to the Basic Question, then
this information can be used in two ways:
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Fig. 1. Contrast Curves for a Number of Contrast Values and a Sample Size n=.05N

In the first place, the estimation procedure for
the Basic Question itself can be improved.
Suppose X, is the mean score on the Basic
Question of the n, respondents and suppose
X,, 1s the mean for the n,, nonrespondents.

Without the Basic Question Procedure, we
only have X, to estimate the population mean
X. With the Basic Question Procedure a
better estimator is defined by
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Table 3.  Basic Questions Used in CBS Sample Surveys

Sample survey

Basic question

1981 Housing Demand Survey

1981 and 1983 Labour Force Surveys
1981 Holiday Survey

1982 Fertility Survey

Do you intend to move within two years?

How many people in this household have a job?

Have you been on holiday during the last 12 months?
Taking into account your present circumstances, and your

expectations of the future, how many children do you plan on
having from this moment on?

Xgo = (1, X, + n,, X, )/n. 4.1)
This estimator gives equal weights to the
units, as is the case of simple random sam-
pling. Under the assumption that nonrespon-
dents answering the Basic Question are a ran-
dom sample from all nonrespondents, the esti-
mator Xgo is an unbiased estimator of X.

The Basic Question variable can also be
used as an auxiliary variable in the estimation
of other population characteristics. For
example, if the Basic Question variable is
continuous, then the regression estimator for
the mean Y of some other characteristic
becomes

VYeo =¥, + b, (Xpo—X,) , 4.2)
where b, is the estimate of the regression
coefficient based on the response.

The Basic Question Procedure was applied
in the 1981 Dutch Housing Demand Survey.
Table 4 gives the answers of respondents and
nonrespondents to the Basic Question. All
respondents answered the Basic Question
(the response rate after a maximum of three
visits was 71.2%) whereas 35% of the non-
respondents answered the Basic Question.

Obviously, respondents are more inclined to
move than the nonrespondents that answer
the Basic Question. Under the assumption
that these nonrespondents do not differ
significantly from the other nonrespondents,
one may conclude that respondents are more
inclined to move that nonrespondents.

After a few months a second phase survey
was carried out in which a large group
of nonrespondents was visited again (includ-
ing nonrespondents who answered the Basic
Question). For nonrespondents who answered
all questions in the second phase (including
the Basic Question) and who answered the
Basic Question in the first phase we can
compare their Basic Question answers. The
results are presented in Table 5.

At first sight the answers are rather consis-
tent. About 83% (=100x1355/1638) of the
individuals stick to their answer. However,
some critical remarks can be made. In the first
phase 13.7% (=100x225/1638) of the individ-
uals indicate that they intend to move. In the
second phase response, this percentage is 20.8
(=100x340/1638). A possible explanation is
that when a complete interview took place, for
reasons of questionnaire design, the Basic
Question was asked somewhere in the middle

Table 4. Answers to the Basic Question in the 1981 Dutch Housing Demand Survey

Do you intend to move within Respondents Nonrespondents
two years?

Yes 17 606 ( 30%) 1076 ( 13%)
No 41 674 ( 70%) 7334 (87%)
Total 59280 (100%) 8410 (100%)
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Table 5. Answers to the Basic Question in the First and Second Phase

Answer to the Basic Second phase answer

Question in the first phase yes no total - percentage
Yes 141 225 14

No : 199 1214 1413 86

Total 340 1298 1638 100
Percentage 21 100

of the interview after questions about present
living conditions. The Basic Question is, in
general, answered at the door in a rather diffi-
cult situation. It is sometimes not clear
whether the person who gives the answer is
the person who was supposed to be inter-
viewed, whether he/she can give the exact
information and whether the correct
information is given. Furthermore, in the
complete interview the respondent did not
have the opportunity to answer “I don’t
know,” whereas this answer was possible
when answering the basic question only.
Finally, there is a considerable time gap
between the two phases. It is possible that
people change their minds in the meantime,
e.g., due to the survey they become more
aware of their housing conditions. It is also
possible that people have moved in the time
interval between sample selection from the
frame and the actual visit. For those who
moved during the course of the survey, the
second-phase visit took place at their new
addresses. The inclusion of this group could
have reduced the number of people who
reported plans to move.

In this section only one category of non-
respondents was distinguished. As indicated
by Kersten and Bethlehem (1984) the
behaviour of different types of nonrespon-
dents may be different. So, it might be worth-
while to divide the nonresponse stratum in a
number of substrata (refusers, not-at-homes,
etc.). The generalization of the theory is
straightforward.

All in all, one may conclude that the Basic
Question Procedure has some nice properties,
but further research on the validity of the
answers is necessary.

5. A General Weighting Technique

A frequently used technique to reduce the
nonresponse bias is poststratification. Every
observed object is assigned a weight, and
estimators of population characteristics are
obtained by processing the weighted observa-
tions instead of the observations themselves.

The idea behind poststratification (some-
times called stratification after selection of the
sample) is to divide the population into
homogeneous strata. If all elements within a
stratum resemble each other, then stratum
estimates are not very biased. Strata are con-
structed using auxiliary variables which pref-
erably have a strong relationship with the
characteristic to be investigated. All objects
within a stratum are given the same weight
such that the weighted sample distribution of
the auxiliary variables agrees with the popula-
tion distribution of these variables. If the
relationships are strong enough, the weighted
sample distribution of the characteristic to be
investigated will resemble the population
distribution.

Two problems may arise when weighting is
carried out: strata without observations and
lack of adequate population information
about the auxiliary variables. To avoid these
problems, Bethlehem and Keller (1983)
developed a general weighting technique.
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Suppose there are p auxiliary variables.
Associated with each object k in the popula-
tion are a value Y, which is the target variable
and a vector X, = (X,(V, X@,... X)) of
values of the auxiliary variables. If the auxilia-
ry variables are correlated with the target
variable, then for a suitably chosen vector
B = (B1, Bas---sBp)" of regression coefficients
the residuals

14

&= Yi— haﬁhxk(h) =Y, -XiB (5.1)
will vary less than the values of the target
variable itself. Application of ordinary least
squares gives the optimal value

-1
N N
[3——- b /Xk/_YI,( Z XYy
- k=1 k=1 |

for . The estimator for § on the basis of a
simple random sample is equal to

(5.2)

(5.3)

in which x;, x,,..., x, are the vectors of auxilia-
ry values belonging to the sampled objects.
Using b, the general regression estimator is
defined as
Ve=b'X. (5.4)
Bethlehem (1985) shows that this estimator is
approximately unbiased if and only if there

exists a vector csuch that ¢’ X, = 1, forall k. In
that case (5.4) can be rewritten as

_D.

I=

yr=Y-b'( (5-5)
It can be shown that the use of the estimator
implies that weights are assigned to sampled
objects. The weight which is assigned to
sample element i is given by

w; = X} [% _’YiﬁliA‘X (5.6)
i=1 |
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Using techniques analogous to those of
Cochran (1977) in his derivation of the
variance of the simple regression estimator,
the variance of the general regression estima-
tor can be approximated by

_ 1-f 1 N ,
VOW = e 2 (Ve XiB)

-f 1 N,
_nN—lz

€,
k=1

(5.7)

~using the notation of (5.1), and in which

f=n/N is the sampling fraction. The sample
based estimator of the variance is equal to

1-

~~

(5.8)

— 1 n r1\2
v(yr) = -1 '2]( —x:b)”.
i=

*|

The general regression estimator is usually
applied in the case of continuous auxiliary
variables. However, it can just as well be
applied if the auxiliary variables are qualita-
tive. With qualitative variables, each auxiliary
variable must be transformed into a set of
dummy variables. If the foregoing theory is
developed for a qualitative variable, the
regression estimator can be used as an estima-
tor for stratification after selection of the
sample.

Suppose there is a qualitative auxiliary
variable with p categories. To include this
variable in a linear model, the variable is
replaced by a vector of p dummy variables.
Each category (stratum) has its corresponding
dummy variable. It takes the value 1 if the
object belongs to the particular stratum and 0
otherwise. So, for every element only one
dummy takes the value 1; all other dummies
take the value 0.

If simple random sampling is assumed, the
estimator b for f§ turns out to be

b= (0,77, 37), (5.9)
in which 3 is the mean of the observations in
stratum h, for h=1,2,...,p. The vector of
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population means of the auxiliary variables is
in this case equal to

X = (Ny, N,,...,N,)'IN, (5.10)
where N, is the size of stratum h, for
h=1,2,...,p. By substitution of (5.9) and

(5.10) in (5.4) the general regression estima-
tor becomes

14
Vrs= = NJMIN . (5.11)
h=1

The subscript PS indicates that estimator
(5.11) is equal to the ordinary poststratifica-
tion estimator. In our general theory of
weighting we call this estimator oneway
stratification.

Poststratification can also be applied if
several qualitative auxiliary variables are
available. Suppose we have m such variables
with the number of categories equal to
P1sP2,---sPm- Every combination of values
of the auxiliary variables forms a stratum,
the total number of strata being equal to
DP=p| X p; X...pp,. If the m qualitative auxiliary
variables are replaced by p dummy variables
then the situation is reduced to that of oneway
stratification.

If the theory of linear models is restricted to
use of qualitative independent variables, it is
usually called analysis of variance. For this
reason our terminology has its roots in the
analysis of variance. The auxiliary variables
correspond to factors and the strata to cells.
Stratification in which strata are constructed
on the basis of all possible combinations of
values of the auxiliary variables corresponds
to an analysis of variance in which the model
contains the highest order interaction. There-
fore we call this type of poststratification
complete multiway stratification. If complete
multiway stratification is applied two
problems may occur:
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The first problem is the problem of empty
strata. If there is so much auxiliary informa-
tion available that it allows complete multiway
stratification, the resulting number of strata
may be so large that there is a risk of empty
strata in the sample. In daily practice this
problem is usually solved by collapsing strata.
As this is frequently done by hand, it is a time-
consuming process.

The second problem is created by lack of
auxiliary information. Sometimes auxiliary
information is available, but is not detailed
enough to allow complete multiway stratifica-
tion. For instance, complete multiway stratifi-
cation by sex, age, marital status and region
requires knowledge of the population totals
for each combination of sex, age, marital
status and region. If the totals are known for
each combination of sex, age, marital status
and separate totals for each region, then
complete stratification is not possible.

Incomplete multiway stratification offers a
solution for the problems described above. If
the highest order interactions are removed
from the model and replaced by lower order
interactions, then, in many cases, the problems
disappear.

When describing an incomplete multiway
stratification, it is convenient to use a simple
notational language. Complete multiway
stratification by sex, age, marital status and
region is denoted by SEX x AGE x MARITAL
STATUS x REGION. Incomplete multiway
stratification which uses the population totals
for each combination of sex, age and marital
status on the one hand and the population
totals for each region on the other hand is
denoted by (SEX x AGE x MARITAL STA-
TUS) + REGION. One set of dummy

variables indicates the combinations of sex,

age and marital status, and another set of
dummy variables denotes the region.
Stratification is reduced to estimation of the
parameter vector . The number of parame-
ters to be estimated is smaller in incomplete
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stratification than in complete stratification.
So, incomplete stratification decreases esti-
mation problems. For instance, if sex has two
categories, age ten categories, marital status
four categories and region eleven categories,
then (SEX x AGE x MARITAL STATUS) x
REGION comes down to estimation of 880
parameters, whereas (SEX x AGE «x
MARITAL STATUS) + REGION requires
at most 91 estimated parameters. On the other
hand, the model behind the incomplete strati-
fication might not fit as well as the model
behind the complete stratification. However,
we believe that in practical situations the
incomplete stratification model is based on
enough parameters to give as good, or nearly
as good, a fit as the complete stratification
model.

We illustrate our approach by an example
based on data from the 1977/1978 Dutch
Housing Demand Survey. Our aim is to esti-
mate the mean household income. Persons
with item nonresponse on the income ques-
tion are treated as nonrespondents. For
weighting purposes three auxiliary variables
are available: age (6 categories), sex (2 cate-
gories) and marital status (2 categories). A
complete multiway stratification by age, sex
and marital status (denoted by AxSxM) leads
to 6x2x2=24 strata. When the sample size in
some strata is too small or when population
totals are missing for each combination of age,
sex and marital status, an alternative weight-
ing scheme may be considered. To be able to
use as much auxiliary information as possible
a weighting scheme can be specified in such a
way that the weighted marginal distributions
of sex, age and marital status agree with the
marginal population distributions. So, three
sample distributions are simultaneously fitted
to their population equivalents. We denote
this weighting scheme by A+S+M.

Schemes AxSxM and A+S+M are only two
possible weighting schemes, using age, sex
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and marital status. Many more are possible.
Table 6 lists all possible weighting schemes
using age, sex and marital status (or subsets of
them), and the corresponding estimates of the
mean income and its (estimated) standard
error. For example (SxA)+(AxM) means that
the weighted sample totals of sex by age are
equal to the corresponding population totals
and that the weighted sample totals of age by
marital status are equal to their population
equivalents.

A striking phenomenon is the shift of the
estimate of the mean income. The estimate
increases as more auxiliary information is
used. Without weighting, the value of the
estimate is 23 494 and with weighting the esti-
mates can be 24 000 or more. Further, it can
be observed in the table that the precision of
the estimator increases as more auxiliary
information is used. The standard error
decreases from 182 (no weighting) to 152
(extensive weighting). These phenomena can
be seen as indications that weighting increases
precision and decreases nonresponse bias.
More details about this example and the
general weighting technique can be found in
Bethlehem and Keller (1983).

The theory developed in this section assumes
complete response. With these assumptions,
it is clear that proper use of auxiliary informa-
tion improves the accuracy of estimates. The
theory can be extended to incorporate non-
response. Bethlehem (1985) develops the
theory of the general regression estimator
under the Random Response Model. In his
paper, he shows that estimators that make use
of well-chosen auxiliary variables, i.e., auxil-
iary variables that account for the behaviour
of the target variable of the survey for a large
extent, have a smaller bias than estimators
that do not use auxiliary information. Hence,
in the case of weighting we can draw two
important conclusions; proper weighting
improves accuracy and reduces the bias.
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Table 6. Estimates of the Mean Household Income in the 1977/1978

Dutch Housing Demand Survey

Weighting Scheme' Estimate Standard
Error
None 23 494 182
S 23 613 179
A 23 990 170
M 23 624 161
SxA 24 012 167
S+A 24 065 168
SxM 23 809 160
S+M 23 675 160
AxM 23 987 153
A+M 24 071 154
S+A+M 24 104 154
(SxM)+A 24 172 153
(SxA)+M 24 078 153
(AxM)+S 24 004 152
(SxA)+(SxM) 24 149 153
(AxM)+(SxM) 24 076 152
(SxA)+(AxM) 23 985 152
(SxA)+(AxM)+(SxM) 24 054 152
SxAxM 24 048 152

! S=sex, A=age, M=marital status.

6. Conclusions

In this paper we have discussed three tech-
niques to deal with nonresponse: a call-back
criterion, the Basic Question Procedure and a
general weighting technique.

Sometimes it is said that every sample
survey with a nonresponse rate exceeding
15% should be thrown into the waste-basket.
In the construction of the call-back criterion,
we advocate a more subtle point of view. A
high nonresponse rate should not be fatal if it
is still possible to make valid confidence inter-
vals. This naturally leads to a criterion which
incorporates both standard error and bias. As
mentioned before, our criterion does not
necessarily produce accurate estimates. This
should be based on other criteria or an extend-
ed version of our call-back criterion.

The Basic Question Procedure is a quick
and inexpensive method to collect informa-
tion on nonrespondents. Although intuitively
attractive and easy to implement, there are

some problems which should be solved. If the
same question is asked to a cooperative
respondent and a potential nonrespondent,
one may wonder if some kind of measurement
error is not introduced. A second problem
concerns the representativeness of the non-
respondents who answer the Basic Question.
Are they typical respondents, typical non-
respondents or something in between? Further
research to prove the usefulness of the proce-
dure is necessary.

The general weighting technique is a useful
extension of ordinary weighting techniques.
On the one hand, it avoids some of the
problems encountered in ordinary weighting,
and on the other hand, it uses as much
auxiliary information as possible; precision is
improved and bias reduced. The theory is
implemented in a general purpose computer
program. In a number of Dutch sample
surveys the technique has proved to be useful.
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