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Abstract

The use of survey plans, which contemplate several tries or call-backs when endeavouring to capture individual data,

may supply unarguable information in certain sampling situations with non-ignorable non-response. This paper pre-

sents an algorithm whose final aim is the estimation of the individual non-response probabilities from a general per-

spective of discrete response regression models, which includes the well known probit and logit models. It will be

assumed that the respondents supply all the variables of interest when they are captured. Nevertheless, the call-backs

continue, even after previous captures, for a small number of tries, r, which has been fixed beforehand only for esti-

mating purposes. The different retries or call-backs are supposed to be carried out with different capture intensities. As

mentioned above, the response probabilities, which may vary from one individual to another, are sought by discrete

response regression models, whose parameters are estimated from conditioned likelihoods evaluated on the respondents

only. The algorithm, quick and easy to implement, may be used even when the capture indicator matrix has been

partially recorded. Finally, the practical performance of the proposed procedure is tested and evaluated from empirical

simulations whose results are undoubtedly encouraging.

� 2003 Elsevier B.V. All rights reserved.

Keywords: Multivariate statistics; Estimation algorithms; Discrete response models; Non-ignorable non-response; Conditional

likelihood

1. Antecedents and preliminaries

This paper has as precedents the works of Politz and Simmons (1949), Drew and Fuller (1980), S€arndal
(1980), Huggins (1989) and Alho (1990) where several approaches to non-response under certain sampling
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plans with call-backs (or repeated retries in the capture of data) being present. In addition to the former
direct references, several papers within the statistical bibliography on missing data have dealt with different

situations of non-ignorable non-response in sample plans, e.g. the papers included in the three volumes of

the National Academic of Sciences on Panel on Incomplete Data (Madow et al., 1983; Madow and Olkin,

1983; and finally, Madow et al., 1983) which provided, at the time, a cunning vision on the topic. Later on,

Glynn et al. (1986) and Little and Rubin (1987, ch. 12) also presented different situations of non-ignorable

missing data in surveys.

No distributional hypotheses on the variables under study need to be established in this work. We have

only assumed the existence of r retries of information capture, which are maintained with all the individuals
included in the sample no matter whether their information had or had not been previously captured. In the

former case, the call-backs are not intended to supply data that has previously been obtained. On the

contrary, we seek to be provided with some additional information about the underlying probabilities of

capture. Only under this criterion the call-backs are not superfluous and the available information seems to

be much more useful than that which could be obtained if the tries were only kept on as far as the first

capture of the individual data. Usually, in captures by telephone or mail services, the additional cost de-

rived from the maintenance of the retries is minimal, thus the described situation appears in fact to be quite

viable. Additionally, it will be assumed throughout this paper that the available information about the
capture results is only partially known, although it does include, as a minimum, all the marginal values of

the complete capture indicator matrix. The non-response probabilities will be estimated by general discrete

response models defined on the survey variables. Thus, some well known models, such as logit and probit,

may be considered as particular cases to be included within the field of interest of this paper, needing only

to adjust the iterative estimating procedure proposed here. The parameters involved in the selected discrete

response model will be estimated by means of the conditional likelihoods evaluated on the respondents

only. A similar scheme of estimation has been used, for instance, in Sanathanan (1972), Huggins (1989) and

Alho (1990). Finally, the estimated probabilities will be used to treat the non-ignorable non-response by
means of Horvitz–Thompson type estimates which, as it is well known, simply weigh each observation with

the inverse of the overall response probabilities.

We have organised this paper as follows. In Section 2, we describe the missing data mechanism, the

motor estimates and the conditioned likelihoods, which underlie our final estimates. Section 3 is completely

devoted to justifying the iterative estimating algorithm proposed here. We start by analysing the case in

which the capture indicator matrix is completely known and, later on, we readjust the steps so as to

consider the situation in which the former matrix is only partially known. In Section 4, we incorporate

several simulation studies whose results empirically show the performance of the iterative estimating
process in three particular discrete models (to wit, logit, probit and with double exponential distribution

function). Finally, Section 5 briefly includes some final observations and comments.

2. Non-response process and estimating background

The individuals selected in the sample will be identified by the set of indices I ¼ f1; . . . ; i; . . . ; ng. Let us
assume next that the sample design allows us to establish the probability pi that each individual i of the
population has to be included in the sample. The data vector of the individual i will be denoted by

xi ¼ ðxi1; . . . ; xipÞT. Thus, in absence of non-response, the n� p data matrix is

X ¼ ðxT1 ; . . . ; xTn Þ
T

and the unbiased Horvitz–Thompson estimates of the population mean vector l ¼ ðl1; . . . ; lpÞ and the

mean cross-products matrix K ¼ N�1RN
i xix

T
i are

X ¼ N�1X TP�11n; bK ¼ N�1X TP�1X ;
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