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1. 1 NTRODUCT 1 ON 

During the past severa] years, the number of surveys, as a means of provi­

ding estimates on a variety of subjects, has greatly increased in most 

countries, including Canada. The rel iability of survey estimates is 

governed by many factors, one of which is the effect of nonresponse and 

inconsistent or incomplete data. Any survey, whatever its type and 

whatever the method of collecting data will suffer from nonresponse for 

the following reasons; a) not all units of the population were included 

in the frame; b) units selected and classified as eligible could not be 

found or c) they refused to participate in the survey. Apart from non­

response, there are records which are either partly completed or contain 

inval id responses. 

A question has been frequently raised whether, ignoring nonresponse and 

incomplete data, survey estimates based on the information provided by the 

responding units only would satisfy the purposes for which a survey was 

designed. For example, in estimating an item believed to account for, 

say, 15 percent of a population, what would be the possible effect on 

the estimate if the nonresponse rate was 15 or 20 percent? To what 

extent could the potential bias due to 15 or 20 percent nonresponse out­

weigh the error due to sampling? 

Most practicing statisticians or data analysts recognize measures of 

nonresponse and incompleteness in data as an important indication of 

qual ity of data since it affects the estimates by introducing botha 

possible bias and an increase in sampling variance due to a reduction in 

the effective sample size. The relationship between the bias and the 

size of nonresponse is less obvious since it depends on both the magni­

tude of nonresponse and the differences in the characteristics between 

respondents and nonrespondents. 
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lt is generally bel ieved that in many large-scale surveys the errors due 

to nonresponse and incomplete data, if measured, would greatly exceed 

those due to sampling, at !east for not too detailed disaggregations. 

But in most surveys only sampl ing error is identified and the other 

components are inadequately recorded and analyzed. Yet they are potential 

sources of biases and to disregard their effect on the estimates could 

lead to survey results of unacceptable qual ity. Therefore, the reduction 

of the effects of nonresponse and incomplete or inval id responses is very 

important and it should be undertaken at various stages including survey 

design, data collection, processing and estimation stage. 

One way of deal ing with nonresponse, after the data collection, is through 

methods of imputation or adjustment of weights at-the processing and 

estimation stage. While adjustments for nonresponse may be more or less 

effective in reducing bias, well designed data collection operations 

will keep nonresponse at an acceptable level and at reasonable cost, 

thus minimizing the necessity for the application of adjustments. 

ln this paper, nonresponse, incomplete data including invalid response in 

household surveys will be discussed with respect to their origin, various 

methods of reducing them,as well as adjusting for them in the final 

estimates. 

2. NONRESPONSE 

Nonresponse may be defined as a failure to obtain a usable report from 

a reporting unit which legitimately falls into the sample in a particular 

survey and it may be one of two kinds: 

a) Unit nonresponse where survey questionnaire is not obtained 

for a designated unit. 

b) Item nonresponse, where a survey questionnaire is obtained 

for a unit, but responses for one or more questions are not 

obtained. 
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Nonresponse occurs because of operational difficulties, time and cost 

restraints, a Jack of co-operation from respondent, the inabil ity or 

unwill ingness of interviewer to track down missing respondents, or for 

sorne other reason. The severity of nonresponse problems, are measured 

by nonresponse rates which are calculated as the percentage of nonres­

pondent households among all sampled households. 

Nonresponse rates vary considerably from survey to survey. ln sorne 

surveys they are as high as 40 percent or more, in other surveys they 

may only be about 4 percent or so. Whether nonresponse rates are too 

high or too low depends on the purposes of the survey. If the objective 

of a survey is to estimate an item which accounts for 15 percent in the 

population then, depending on the rel iability with which the 15% is to be 

estimated, even a 5% nonresponse can have a major impact on the estimate, 

particularly if the characteristic of nonrespondents is correlated with 

the important variables. On the other hand it does not necessarily mean 

that a survey with a high nonresponse rate may not provide useful infor­

mation. For example, suppose that the objective of a survey is to find 

out whether 15 percent of a population would buy a particular product. 

If in the survey 20 percent responded that they would buy it, 30 percent 

would not and 50 percent were nonrespondents, then the objective of the 

survey has been met even if all the nonrespondents were in the category 

of those who would not buy the product. ln general, however, the higher 

the nonresponse, the higher the possible bias in the estimate and the 

Jess likely it is that the objectives of a survey can be satisfied. 

The size of nonresponse cannot be simply resolved by starting with an 

excess sample to allow for the potential nonresponse since in the presence 

of nonresponse, the sample is no longer a probability sample. The diffi­

culty 1 ies in the fact that the nonrespondents in sorne ways and to 

varying degrees are different from those who respond. We can assume 

that every individual (if selected) is a potential respondent i.e. the 

individual i, when in the sample, will respond with probability o. and 
1 

will be nonrespondent with probabil ity 1 -o .. If the response prob-
1 

ability O· is the same for ali i, the situation is easily remedied by 
1 
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adjusting (inflating) the weights of the respondents. But the prob­

abi lity of responsE: nay depend on the characteristic of interest and 

adjustment of respondent weights to account for the nonresponse will 

give rise to nonresponse bias. The magnitude of the nonresponse bias 

wil 1 depend on the relationship between the characteristic of interest 

and the response probabi 1 ity. The problem can be i llustrated by the 

following simple examples under different sample designs: 

a) Single Stage Simple Random Sampling: 

From a population of N individuals, n are selected with SRSWOR 

and the subject of inquiry is some quantitative variable Y 

(e.g. income, no. of accidents, etc.). Suppose that the 

probabil ity of obtaining a response decreases as the value 

of y increases, had there been no nonresponse, the total 
N ~ N n 

Y= I yt would be estimated unbiasedly by Y=- I y., 
t=l n i=l 1 

* 
N 

n 
and y = 

* 
I is used to but Y is observed for n* (<n) 

n i=l 

estimate the total Y. ThusY would have been unbiased if 

the response probabil ity did not depend on y values, but in this 

situation, since response probabil ities are low for large y values 

Y underest imates the total Y; i.e., we have a negative 

correlation between response probability and characteristic, 

resulting in a negative nonresponse bias. 

b) Single-Stage Probability Proportional to Size (PPS) Sampling: 

From a population of N units (Firms) n are selected with PPS 
N 

to estimate Y= I yt, where y is some quantitative attribute 
t=l 

(e.g. production, etc.) and pt is the measure of size for unit 

N 
t, t=l, 2 ... , N; I pt= 1, where IIi= npi = Probability 

t=l 

that unit i s in the samp 1 e. , 
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y. = observed value for unit i if selected and responding. 
1 

n y. 
ln the absence of nonresponse Y= L: fis an unbiased 

i=l 1 

* estimate of Y. Suppose that y values are observed for n (<n) 

* n yi 
L: 

i=l ~ 
out of n selected, then Y= (~) is used to estimate 

n 

Y, and will be unbiased if the response probabil ities 

are correlated with the ratio Y./P .. The bias will likely 
1 1 

be small compared with the total Y if the ratios Y./P. 
1 1 

have small variabil ity. Usually PPS sampling design is 

employed when there is a large positive correlation between 

the Y. values and the sizes P. •s of the units. Often this 
1 1 

high correlation results in a small variation in the ratios 

Y./P. when the regression of Y. on P. passes through the 
1 1 1 1 

origin. 

c) Multi-Stage Stratified PPS Sampl ing 

ln household surveys, the households are selected using multi­

stage stratified PPS sampl ing design and the design is usually 

self-weighting. ln sorne surveys, the response can be obtained 

from onemember of the household about all the eligible members 

in the household. lt is conceivable that the nonresponse will 

tend to be higher in a single persan household as compared to 

the households with two or more members. Under such conditions, 

if the nonresponse adjustment in the weight fails to take into 

account the size of household, the resulting estimate of the 

population will be biased upward. ln this context consider 

another example. Suppose that the subject of inquiry is a 

qualitative variable i.e. presence or absence of a particular 

characteristic. Suppose further that the probabil ity of 

response is high if the characteristic is absent and low if 

the characteristic is present. If an estimate of the 

number of persans with the characteristic is obtained 
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by adjusting the weights of the respondents, then the result 

is an underestimate i.e., we have a negative correlation 

between response probabilities and the characteristics. 

ldeally to remove the nonresponse bias, one would simply weight up 

each sample response by the inverse of the product of the selection 

and the true response probabil ities of each responding unit. This 

is however, an impossible task since the true response probability 

is unknown for each unit. ln practice we employ average response 

probabil ities estimated by response rates to adjust the weights in 

the estimates. The effect of this procedure on the reduction of 

nonresponse bias will depend upon the degree of relationship between 

response probabil ities and response rates. 

The most desirable way of deal ing with the effect of nonresponse is 

to minmize the size of it. However, any systematic attempt to control 

the size of nonresponse must be based on clear understanding of any 

it arises. Basically, the causes and the size nonresponse are 

related to (i) type of survey, (ii) data collection methods, and (iii) 

sample design. But even for a given survey design the magnitude 

of nonresponse will be influenced by factors such as type of area, 

type of nonresponse, etc. To illustrate this, a brief examination 

of nonresponse will be provided for the Canadian Labour Force Survey. 

The Canadian Labour Force Survey is carried out as a monthly probabil ity 

sample of dwell ings. Households within the selected dwellings are 

interviewed once a month for six consecutive months. ln one particular 

week (called survey week) each month 56,000 dwellings throughout Canada 

are contacted by approximately 1,100 interviews. Information is 

collected by the interviewers on the demographie characteristics of 

labour force activities of the civilian, non-institutional population 

15 years of age and over who are members of households belonging to 

these dwel lings. 
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ln the Canadian Labour Force Survey a detailed record is kept of 

total nonresponse which may be broken down into a number of components 

each of which has a different cause and requires a different treatment. 

For example, in LFS or in any household survey, one can recognize the 

following components (a) Household Temporarily absent (b) No one at 

home (c) Refusai (d) No interviewer available (e) Bad weather conditions. 

etc. The size of nonresponse due to the latter two being of minor 

general significance. 

Table 1 provides an example of non-response rates in LFS followed by a 

brief discussion of various components of total nonresponse rates. 

TABLE l 

Nonresponse Rates (%) According to Tenure of Households in the LFS 

(July 1977 to June 1978) 

Number of Nonresponse Rates (%) 
Months in Total No one Temporari ly 

Su rvey Non- Refusai 
at absent 

response home 

8.04 l. 43 2.96 2.94 

2 5.09 1.21 1. 44 1.99 

3 4. 71 1. 32 1. 10 1. 90 

4 4.65 1. 46 1.09 1. 79 

5 4.62 l. 51 0.99 1.77 
6 4.45 1. 52 0.78 1. 73 

On the basis of the results shown on Table 1 the following comments can 

be made: 
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(a) The total nonresponse rate was highest during the first month, 

presumably because interviewers had more difficulty finding people 

at home having not yet determined the best time to cal l as one may 

observe in the higher "No one at home" rate, for example. The 

rate then decreased sharply in the second month and continued to 

decrease through the third and fourth months. 

(b) The refusa] rate decreased in the second month, increased gradually 

through the third, fourth and fifth months and levelled off in 

the sixth month. 

(c) The ''No one at home" rate decreased sharply from the first month to 

the second month by roughly 50 percent. lt continued to decrease 

from the second month to the third month but decreased very gra­

dually through the fourth and fifth months. A larger decrease 

then occurred in the sixth month. The behaviour of the "No one at 

home" rate over the six month tenure of households in the survey 

was most probably due to the fact that the longer a household is 

in the survey the more fami l iar the interviev-.·er becomes with knowing 

when the respondent is most 1 ikely to be at home. 

(d) The 1
'
1Temporari ly absent" rate decreased through all six months, 

particularly from the first to second month. lt is difficult to 

explain this phenomenon since the "Temporarily absent" rate should 

not be expected to depend on how long a household remains in the 

survey. One can hypothesize that interviewers may have confused 

''No one at home" and "Temporari ly absent" types of nonresponse. 
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TABLE 2 

Non respon se Rates (%) by Type of A rea 

(Monthly Average 1978) 

Type of Approximate Total Refusai No one Tempor-
A rea proportion Non res- at ar i 1 y 

of sample ponse Home absent 

NSRU 1 0.48 5.0 1.2 1.3 2.0 

- urban 2 o. 18 5.3 1.0 1.4 2.4 

- rural 2 0.30 4.9 1.3 1.3 1.8 

SRU 3 0.51 5.7 1.7 1.6 2.0 

- built-up 4 0.37 5.5 1.6 1.5 2.0 

- fringe 4 o. 10 4.8 1 .6 1.2 1 .8 

- a pa rtment 5 0.04 9.8 2.7 3.6 3.0 

Within SRU's built-up areas had a higher total nonresponse rate than 

fr inge areas due to higher "No one at home" and "Temporari ly absent" 

components. Thus, it appears that people living in the core areas of 

cities tend to be more difficult to contact than people 1 iving in the 

fringe areas; the differences, however, were not large. 

SRU apartments had a higher total nonresponse rate than any other area 

shown in Table 2. ln fact, the total nonresponse rate in the SRU 

apartment sample was almost twice the rate in the SRU non-apartment 

sample (consisting of both built-up and fringe areas). The refusai, 

2 

3 

4 

5 

Non-Self-Representing Units are the areas outside SRU's and contain 
r~ral and small urban centres. 

Every ~rimary sampl ing unit in an NSRU is divided into an urban and 
a rural port ion. 

Self-Representing Units are cities whose population exceeds 15,000 
persons or whose unique characteristics demanded their establishment 
as SRU's. Every SRU is selected with certainty. 

SRU's are stratified into sub-units, and sub-units are classified as 
"built-up" or "fringe" on the basis of their potential for future growth. 
Generally speaking, SRU fringe householdsbelong to the fringe or sub­
urban areas. 

ln seventeen large cities across Canada there is a separate frame of 
apartments in buildings having at !east five storeys and thirty or more 
units. 
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11 No one at home11 and 11Temporarily absent 11 components were also highest 

among apartments. As yet this category is small but it is growing quite 

rapidly. The 11 No one at home 11 rate was almost three times higher in the 

apartment sample than in the non-apartment sample. This large difference 

may be due to the different l ifestyles of apartment and non-apartment 

dwellers. Apartment households usually consist of single persans or 

small famil ies who tend to be more mobile and difficult to find at 

home, wh ile non-apartment households are more l ikely to conta in larger 

families with children. 

Within NSRU 1 s the total nonresponse rate was higher in the urban portion 
l 

due to higher 11Temporari ly absent 11 rates among NSRU urban households. The 
11 No one at home112 rates in the urban and rural portions were roughly the 

same, but the refusa] rates of 1.3% averaged 30% higher in NSRU rural 

areas than 1.0% as observed in NSRU urban areas. 

ln this section 1 have dealt mainly with total or unit nonresponse. The 

problem of item nonresponse, defined at the beginning of the section are 

discussed briefly under Data Collection and in the next sections. lncom­

plete and inval id responses are discussed in the section on Imputation. 

3. DEALING WITH NONRESPONSE 

Survey Design basically consists of three steps a) Sample Design b) 

Data Collection c) Estimation. 

None of these steps can be undertaken on purely technical grounds or on 

purely practical grounds. The survey design is decided upon in the l ight 

of what is practically feasible and theoretically desirable in arder to 

meet users 1 requirements. The importance of nonresponse through its 

effect on survey estimates is an integral part of survey design and can 

hardly be left to chance. Provisions must be made at every possible 

stage of a survey in arder to control the size of nonresponse and to 

minimize the effect of the final nonresponse. 

The household was absent for the entire survey week. 
2 The occupant could not be contacted after severa] attempts. 
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Although the actual nonresponse occurs during the data collection stage 

its size can be greatly influenced at the planning stage by examining the 

possible effect that various design factors may have on nonresponse. 

Also, careful and appropriate preparation for data collection with 

respect to methods of interviewing and motivation of respondents and 

interviewers wil 1 considerably affect the magnitude of nonresponse. 

At the processing and estimation stage an attempt is made to minimize 

the effect of nonresponse on the final estimates by imputing for missing 

values. 

Let us consider how the effect of nonresponse can be influenced at each 

of these stages. 

Sample Design (Planning and Development) 

At the planning stage, an awareness of the effect of nonresponse on 

the Mean Square Error (MSE) of survey data may lead to a survey design 

which would influence the size of nonresponse. One of the important 

factors in planning a survey is a decision on the tolerance leve! of non­

response and an experienced survey designer can estimate fairly accu­

rately the leve! of response for a particular survey that can be expected 

4nder various survey conditions. For example, for national estimates with 

a large sample size, the effect of nonresponse on sampl ing and response 

variance is 1 ikely to be unimportant and the bias is the likely pre­

dominant component of MSE. However, for subnational estimates the 

variances are 1 ikely to be large so bias might be relatively Jess 

important. 

The survey cost is another important item which will affect many factors 

in survey development including nonresponse. lt is important to balance 

the other factors against the cost so as to achieve a nonresponse rate 

sufficiently low to serve the goals of the survey. lt should also be 

realized that within reasonable limits, it is sometimes better to accept 

a somewhat smaller sample than originally planned and to transfer the 
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resources to appropriate data collection, fol low-up and estimation 

procedures. This would be particularly advantageous if the survey 

designer suspected large differences between respondents and nonres­

pondents in their characteristics. 

ln survey planning and development a number of factors should be taken 

into account in arriving at the final design. These factors can be 

classified into three groups: 

Group 1 a) samp le size 

b) stratification 

c) degree of clustering 

d) sample allocation 

e) method of selection 

Group 1 1 a) sample frame 

b) method of interviewing 

c) selection, training and control of staff 

d) length of questionnaire and wording 

e) sensitivity of questions 

f) type of area in which the survey is taken 

g) feasibility and cost of call-backs 

h) public i ty 

Group 1 1 1 a) edit and imputation 

b) estimation 

c) variance estimation 

All of these operations affect the Mean Square Error which provides a 

measure of rel iability of data. 

Let us suppose that the Mean Square Error can be decomposed into the 

following components: 

MSE = 

where 
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VS sampl ing variance 

VR = simple response variance 

VCR = correlated response variance 

BS sampl ing bias 

BR response bias. (including nonresponse bias) 

Sampling variance (VS) and sampling bias (BS) are affected by ali the 

factors in Group 1, Group 111 and also by the size of nonresponse. lt 

is important to note that each survey determines its own requirements 

with respect to design, questionnaire and methods of interviewing. 

For example, an unclustered survey design may produce a higher nonres­

ponse rate than a clustered design. This may be due to the requirements 

for extensive travelling in the case of persona! interviews where for 

reasons of cost repeated callbacks must be restricted. The larger the 

size of nonresponse, the greater the effect it has on sampling variance 

and nonresponse bias. Non-sampl ing components of Mean Square Error 

(VR' VCR' BR) components are affected by ali the factors in Group 11. 

Furthermore, it is quite evident that ali the factors in Group Il are 

a potential source and cause for nonresponse. For example, we havé 
1 

seen that nonresponse rates depend on the type of area in which the 

survey is taken. Length of and sensitivity of questionnaire will 

undoubtedly affect the size of nonresponse. Thus if careful attention 

is paid to the factors in Group 11 at the design stage, serious 

nonresponse problems may be avoided. 

Data Col lect ion 

ln discussing approaches to minimizing nonresponse, one can distinguish 

between two types. One type, such as 11 No one at home11 or 11Temporari ly 

absent'' is in fact a 11 No contact 11 problem and is primarily operationally 

oriented. The other type is the true nonresponse problem, where contact 

has been made with the respondent but an acceptable response is not 

obtained. 
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The "No contact" type of problem is of course usually attacked with 

operational solutions. ln a telephone or persona] interview the time 

and patterns of call ing on the respondent are important. The size of 

assignment and the time allotted to data collection must be adequate. 

ln a mail survey, ensuring correct addresses on the mailing list, 

efficient follow-up procedures and convenient materials are all 

es senti al. The si ze of non respon se due to 11 No one at home" or a "Tem­

porarily absent" provide an important indication of the operational 

problems. 

The existence of refusals presents a different set of problems. lt should 

be conceded at the outset that refusai rates are not always as straight­

forward as one might expect. An interviewer may prefer to record a 

refusai as a "No one at home" or a respondent may simply not answer the 

door as a means of refusing and thus being recorded as "No one at home". 

ln a mail survey one is not always certain that the respondent received 

the questionnaire and if he has received it whether he simply neglected 

to mail it. Thus, the distinction between the true nonresponse and 

other causes is not easily establ ished. The inval id response presents 

still a different set of problems since an inexperienced interviewer 

may not realize that the datais invalid or illogical until an edit 

routine has discovered it. Also, the interviewer may carelessly code 

the response in an incorrect location on the questionnaire resulting in 

invalid data which must be discarded. ln any event, regardless of how 

nonresponse is recorded, the problem seems to be to motivate the appro­

priate respondent to produce a valid response. 

With respect to motivation, let us look upon the respondent as being 

neutra] towards the survey and consider the influences which may moti­

vate him either to respond or not to respond. Such factors as difficulty 

in understanding questions, use of respondent time, privacy, indifference, 

difficulties in recall ing information, embarrassing or persona] questions 

are all examples of motivation not to respond. On the ether hand, 

examples of motivation to respond are an interest in the survey, willing­

ness to help out, duty, understanding of the importance of survey 

results, etc. 
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The problem becomes, how to accentuate the positive motivation and 

reduce the negative motivation until the balance swings in favour of 

response. The key element is the respondent and anything which affects 

his ability and motivation to respond must be of interest and concern 

to a survey designer. 

lntroductory letters, examples of the uses of the data, and brochures 

describing the objectives and authority for the survey, are often 

excellent means of avoiding host il ity and distrust. 

Invasions of privacy is related to the content of the questionnaire 

although the reaction of different respondents is quite variable. Many 

procedures exist for minimizing the effect on the respondent and the 

specifie procedures should be tailored to the given situation. ln sorne 

cases, it may be best to allow the respondent to reply in a completely 

anonymous fashion. This can be accomplished by self-enumeration with 

no identification whatsoever on the questionnaire. Quite often, though, 

it is essential to have sorne area code or sample designation for weight­

ing and estimation purposes of follow-up and in that event care must be 

taken that the respondent does not perceive this as a means of identi­

fying his replies. 

ln addition to the assurance of privacy, sorne forms of compensating the 

respondents for their time and effort have been practiced by sorne survey 

taking organizations. 

(a) Substitution ln the Field -One method of dealing with nonresponse at 

the data collection stage is to substitute other previously unselected 

units in the field. lt must be emphasized however that this is stiJl 

nonresponse and substitution is a means of imputation. There are two 

basic types of substitution that are used. 

a. Selection of a random substitute. 

b. Selection of a specifica)ly designated substitute. 
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With a random substitution method, an additional population unit is 

selected on a proba~il ity basis to replace each nonrespondent. For many 

random substitution procedures, potential substitutes are selected prior 

to the data collection in order to avold any delays and problems that 

could exist if the substitutes were selected during or after the collection 

of data. 

ln a procedure that uses specially designated substitutes (for example, 

a next-door neighbour), the intent is to find a substitute similar in 

characteristics to those of the nonrespondent. Unfortunately, this 

could lead to a sampling bias, especially if the neighbour 1 ives outside 

the sample frame. While any original unit may be selected with known 

probabil ity according to the sample design, substitution of other 

previously unselected respondents to replace uncooperative respondents 

in sorne uncontrolled manner or even in a controlled manner will alter 

the inclusion probabil ities. A sampling bias of unknown magnitude could 

be introduced (since the selection probabil ities are unknown). While the 

sampling variance may be reduced because of an increase in the effective 

sample size, there would probably be no reduction in either the res­

pense or nonresponse bias. Even if the inclusion probabil ities could 

be calculated sorne nonresponse bias would remain since the uncooperative 

units essentially have no chance of inclusion. The key question regard­

ing the worth of substitution procedures is whether or not the use of 

substitution provides better proxy values for nonrespondents than those 

provided by alternative imputation procedures. Undoubtedly, there are 

sorne advantages and disadvantages to the use of substitution procedures. 

The first advantage is that it is a convenient way of balancing the 

sample with respect to sample size. The other is the reduction of the 

sampling variance due to increase in the effective sample size. 

One of the major disadvantages of the use of substitution is a tendency 

to use it rather than making every effort to obtain responses from ori­

ginal units. Thus the use of substitution procedures requires that 

appropriate control should be taken to ensure that maximum effort is 

made to obtain responses from the original sample units. Another dis­

advantage is that there is a tendency to ignore the level and the fre­

quency of substitution when the survey response rate is calculated. 
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b. Cal lbacks- ln many surveys, callbacks are extensively used in 

arder ta reduce nonresponse and the resulting biases. The callbacks may 

take a variety of forms depending on the type of survey. ln mail or 

interview surveys cal lbacks may be a letter, a telephone call or a 

persona] interview. ln telephone surveys and in interview surveys 

repeated calls are the normal form of callbacks. There is a need ta 

study various types of caflbacks with respect ta qual ity of data, cast 

and respondent reaction ta them. 

Callbacks may be used solely ta reduce nonresponse or ta provide input ta 

an imputation system or ta study the effect on quantity. 

c. Respondent Rule- ln arder ta avoid any ambiguity as ta the el igi­

bil ity of respondents in a given survey a procedure referred ta as 

"Respondent Rule" should be defined and followed in the field. 

For Surveys which involve a designated respondent, two rules are most 

often used. 

1. The designated respondent is ta be interviewed and he/she 

is capable ta respond but unavailable, repeated callbacks are 

made until contact is establ ished. 

2. If the designated respondent is not present or not capable 

ta respond (deaf, ill, etc.) a proxy respondent is chosen. 

Variants of this rule involve different definitions of per­

missible proxy respondents. 

For surveys in which responses for each eligible household member are 

required one of severa! possible respondent rules is followed: 

1. Every member of the household is ta respond personally 

(self response). 

2. One member of the household may answer for every member of 

the househo)d (proxy response) 

3. A mixture between self-response and proxy response i.e. some 

are self-responses others are proxies depending on the respon­

dents availabil ity at the time of interview or some specifie 

respondent rule e.g. persans unrelated ta the head of the 

household must respond for themselves. 
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Methodological investigations of the effects of using various respondent 

rules have focused on two basic areas. ~he first involves the differences 

in the number of callbacks needed to contact the desired respondent pro­

posed by Deming and Cochran 1977; the second involves differences in the 

qual ity of the data obtained which can be evaluated through a program 

of reinterviewing of the original respondents. 

The use of a proxy respondents diminishes the number of callbacks thus 

reducing the cost of survey and timeliness of obtaining the data· On the 

other hand, there may be a disadvantage to the use of proxy in that the 

data provided by proxy respondents may be Jess accurate than that obtained 

from self-responses. The use of a particular respondent rule should be 

very carefully examined in relation to the type and qual ity of the data 

required, cost involved in obtaining the data and timeliness for publ i­

cations. Those considerations will vary from survey to survey depending 

on the survey topic, budget and field organization. 

Imputation 

At the Processing and Estimation stage survey data is usually classified 

according to total nonresponse, partial nonresponse and invalid 

response. 

lt is very important to have an effective control system incorporated 

into the survey design, i.e. to ensure that the selected units (and no 

others) are interviewed, that non-reporting units are properly classified 

e.g. nonresponse, non-existent, that of gaps in the frame are identified, 

that data entry is complete, etc. 

There are various ways of deal ing with incomplete or inval id responses. 

Each of them results in assigning a value for the missing or inval id 

data, unless a decision is made to publ ish "raw" data. The procedure of 

assigning the value is called imputation, and sorne imputed value is 

assumed to refer to the characteristic of the nonrespondent. Thus a 

''clean'' data set is produced, that is, a value is given to each unit in 

survey. Before proceeding to discuss various imputation methods let us 

examine conceptual issues of imputation. 
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As the information flows from data collection to tabulation, the various 

types of responses can be identified and are presented as follows in Chart 1. 

Chart 1: Flow Chart Pertaining to Each Sampled Unit 

Response 
(3) 

~ 
~ 

Data Collection 
Operation 

( 1 ) 

1 

Non-Response 
( 4) 

Complete 
& Consistent 

Some Blanks 
And/Or lnconsistent 

Entries 

Unusable 
Question­
naire(s) ( 6) 

(7) 

Estimation 
( l 0) 

Tabulation 
(ll) 

(8) 

lmputat ion 1 
(9) 

This is, of course, a high1y simp1ified diagram of the process and 

it is produced only for the purpose of the discussion of this paper. 
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From Chart 1, it can be seen that two of the three groups of question­

naires following the edit stage require further action prier to estimation. 

These are (8) the unusable questionnaire, (7) those containing sorne blanks 

and/or inconsistent entries and (4) containing nonresponse. An unusable 

questionnaire could be classified as total nonresponse or it can be 

associated with a respondent household with sorne blank or inconsistent 

entries. ln either case, however, further action denoted by (8) Imputation 

would be required. Complete nonrespondents are usually weighted up in sorne 

manner with the exception for the Census. The deficient questionnaires, 

on the ether hand, fall into two categories such as (7) inconsistent entries 

or illegitimate blanks. 

The inconsistent entries can be either logical impossibil ities or they 

can be plausible but highly unl ikely. lt seems natural that if the 

entries are logical impossibilities and they can be detected as such, 

they ought to be adjusted even though they may not affect the data to 

any great extent. The adjustment would el iminate a great deal of embar­

rassment to subject matter analysts associated with the published 

reports. 

ln the case of plausible but highly uni ikely entries, one is faced with 

a difficult choice between leaving what might seem to be an unnatural 

distribution or removing the extreme values of the distribution which 

may actually represent the real life situation. ldeally, one ought to 

opt for one or the ether choice on the basis of experience with errer 

mechanisms and the nature of the substantive distribution based on the 

knowledge of subject matter. ln any case, one has to be able to identify 

the problem cases, i.e. one has to have suitable edit rules whenever 

one encounters impossible or highly unl ikely events and a method of 

dealing with them (i.e. imputation). 

There is a fundamental distinction between editing and imputation. 

Let us consider the set of all possible code combinations on a question­

naire. Editing can be defined as the division of this set into two 
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mutually exclusive subsets: Those combinations which are judged accept­

able and those which are unacceptable, the latter including questionnaires 

with inval id blanks and inconsistent entries. Thus, editing is basically 

a diagnosis and operationally it must be defined by a set of rules. 

Imputation, on the other hand, is more in the nature of a treatment of 

data. 

Imputation may be defined as the assignment of data to empty fields 

(including total nonresponse) or a replacement of invalid data in fields 

following a certain set of rules. There is no known unbiased method of 

imputing but sorne methods may be more suitable than others. 

lt is possible that, rather than imputing for nonresponse at the time 

when survey tabulations are prepared, tabulations could be presented 

with the amount of nonresponse reported. ln this case, the users would 

have a choice among various methods of imputation from tabulated data. 

At the first glanee, this approach would appear to have sorne advantages 

giving the users the opportunity of selecting their own method of impu­

tation. There are, however, sorne serious disadvantages. Conf] icting 

estimates would be produced by various users due to the different impu­

tation methods employed and, problems in the consistency and integration 

of data would be created. As well the data collection agency is usually 

in a more better position, due to its proximity to the sources of the 

data, to make imputation decisions. For these reasons, imputation is 

normally carried out by data collecting agencies rather than by indivi­

dual users. The whole philosophy of imputation is based upon the expec­

tation that an appropriate procedure, whether for nonresponse or for 

blanks resulting from edit failure, will provide a more logical relation­

ship between cross-classified data and will also lower the mean square 

error of estimates. 

The simplest situation occurs when there is only one possible value 

which can be imputed for a field in such a way that after the imputation 

the record will be consistent. This is what is called deterministic impu­

tation. For example, if wife is coded 11male 11 then there is only one 
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possible value to impute for sex to make it consistent with information. 

Sometimes, there may be more than one value which would make the record 

consistent. If this is the case, one would choose a particular value 

which is more predominant in proportion to the total frequency or is more 

plausible. A good example of this kind can be found in the Labour Force 

Survey where in the fall to spring months, for 15 and 16 years old persans, 

if there is no Labour Force characteristic entered, one imputes that they 

are "attending school", although it is not at all impossible they do not 

attend school. So long as the proportion of such cases is sufficiently 

small, the effect of this imputation will be a slight increase in bias, 

but there will be sorne reduction in variance. 

ln other situations where one could reasonably impute a whole range of 

values, one needs sorne other criteria. One possible criterion would be 

to minimize the mean square errer of the resulting estimates. The ques­

tion, however, arises, the mean square error of which estimates? With 

the continuously increasing demand for micro data tabulated in a number 

of different and unforeseen ways one really does not know which mean 

square error one ought to minimize. Furthermore, one would not know all 

the kinds of aggregates to which a particular record may contribute in 

different kinds of tabulations. Consequently, one might prefer to use 

sorne other criterion which would produce the most appropriate entry for 

a field in a particular record in relation to the other information in 

the record. ln other words, how can one best predict the value of one 

field on the basis of knowing the other fields on the record. A good 

example of this kind of imputation is the use of previous month 1 s data 

in the Labour Force Survey; for a particular persan, one could hardly 

find a better impu~ed value, particularly in those cases where demo­

graphie characteristics change slowly. If one does not have information 

based on the past, one would have to resort to such methods of imputation 

as regression or hot deck. 
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4. Imputation Procedures 

For a number of years various procedures of imputation for missing data 

due to nonresponse have been used in househo1d surveys and censuses. The 

use of a particu1ar procedure has been, to my know1edge, most1y justified 

on the ground of expedience, intuition and experience. lt was often assumed 

that the probabi1 ities of units responding were uniform and the nonresponse 

bias was 1argely ignored. 

A1though variations in response rates have been detected among units 

according to their characteristics, the effect of individua1 units respon­

ding or not responding upon the bias and variance of the estimates has 

usua11y been insufficient1y examined. 

To faci1itate a detailed examination of the effect, Platek and Gray (1980) 

have developed methodology with respect to the bias and variance pertain-

i ng to severa 1 imputation procedures. The deve lopment of the expression 

of bias and variance of the estimates is based on a fundamental concept 

that a unit, if selected, responds or does not respond with a certain res­

panse probability attached to that unit. This is an extension of the ap­

proach taken by Platek, Singh and Tremblay in 1978 with respect to censuses. 

The definition of various imputation procedures involve the following: 

(i) the use of cells for imputation; the cells may be 

either balancing areas or weighting classes, or 

(ii) adjustments in weights using estimated response probabil ities 

within the cells. 

Balancing areas are frequently referred to as 11design-dependent balancing 

areas'' for imputation purposes. A balancing area is a geographie area in 

which a deficient sample arising from missing data is enlarged to the 

prescribed level by means of imputation for missing data. Commonly, a 

balancing area is a stratum, but it could be ether design-dependent areas, 

such as primary sampling unit, cluster, groups or strata or even the entire 

sample. The balancing areas may be delineated before or after the survey 

is taken. 
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Weighting classes are defined by post strata (strata defined after 

sampling) formed on the basis of information pertaining to respondents 

and nonrespondents in the sample. The information may be obtained from 

those partial nonrespondents for whom sorne characteristics are known 

even though the particular characteristic being estimated is not known 

for these units as in the case of item nonresponse for example. The 

characteritistics u~ed in the post-strata could also be obtained from 

external sources. From the operational point of view, a weighting class 

is very similar to a balancing area except that the units having similar 

characteristics are grouped into classes or post-strata without regard 

to the original design. The choice of characteristics and the size of 

balancing areas and weighting classes are important, as the variance and 

bias of an estimate derived from the sample would depend upon the homo­

geneity of characteristics between respondents and the nonrespondents with­

in the balancing areas and weighting classes. 

The balancing areas and weighting classes are also referred to as cel ls 

or balancing units. 

(a) ''Weight ing 11 in Adjustment Ce ll s 

The 'Weighting Method' of imputation applicable in practice to complete 

nonresponse is one in which the sample weights or inverse inclusion prob­

abilities are inflated by the inverse of the response rate in a cell. 

lmplicitly, the imputed value for the missing data of each nonrespondent 

is the mean of all responding values in the cel!, with sorne adjustments 

for selection probabil ities. 

If a cel! "b" contains nb units in the sample and mby of them responded 

to a certain question or questions that would determine characteristic 

y, then the Horvitz Thompson estimate
1 

of the total of characteristic y 

in that cel! would be given by (dropping y in mby). 

~ 

ô. Y. /II. = 
IY 1 1 

o. Y./ (II. a. ) 
IY 1 1 IY where ( 1 ) 

1 Restricting oneself to this estimator only. 
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6. = 1 or 0 according as unit 
IY 

responds or does not respond to 

characteristic 1 y 1
• 

aiy = mb/nb an estimate of the response probabi 1 ity, it may or may 

not equal the true response probabil ity, given by Eé. which is 
IY 

defi ned by a. . 
IY 

Y. = response for unit i as defined earlier. 
1 

An area within which adjustments are carried out would 'consist of mutually 

exclusive and exhaustive adjustment cells so that the overal 1 estimates of 

the total with characteristic y would be given by the sum of the estimates 

ove r t he ce 1 1 s ; i . e . , 

( 1 ) 

lt can be seen from (1) that Ybl may be regarded as a weighted up estimate 
-1 

where the weight for unit i includes the inverse selection probabil ity rr. 
1 

and 
~-1 

the estimate of the inverse probabil ity of responding, given by 

a. 
IY 

-1 
or (mb/nb) . Since we rarely know individual response probabilities 

at the time of processing the data, we must employ the best estimate of 

response probabilities available and, with a proper choice of balancing areas 

or weighting classes, that estimate is usually the response rate in the 

cell or the estimated average of the response probabil ities of the units. 

lt can readily be shawn that Y, my be subject to response bias and nonres-
' 

panse or imputation bias given by: 

- -1 
2: aby 2: a. BR. 
b i=l IY IY 

- -1 (a. - ab) (2) and 2: ab y 2: Y. 
b i=l IY 1 

respectively. 

Here, aby' is the expected response rate or average response probabil ity 

in cell 'b 1
, with respect to characteristic y. 

summation taken over all units in cell 1 b 1
• 

aby = 2: rr.a. 1 2:a., with 
1 1y i 1 
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BR. is the response bias for unit 
IY 

y, i.e. Ey. j (o. = 1) = Y. + BR. . 
1 1 y 1 1 y 

with respect to characteristic 

The imputation bias will exist only if response probabil ities a. 1 s vary 
IY 

within an adjustment ce11 and if a correlation exists between the 

response probabi1 ities, 

(b) Duplication Method 

a. 1 s, 
IY 

and the characteristic, Y .. 
1 

The 11 Duplication Method 11 of imputation is one in which the deficiency in 

the sample in a cell due to nonresponse is made up by duplicating a11 or 

a subsample of respondents. 

ln the dup1 ication method, if we considera weighting c1ass b with 

nb selected units and mb respondents with respect to characteristic y, 

the estimate in cell 1 b 1 would be given by: 

éi • W • Y • /TI • , 
1 y IY 1 1 

(3) 

where W. 
IY 

= number of times unit i is dupl icated to account for the 

(nb - mb) nonrespondents incell 1 b 1 so that L: o. Wiy =nb. Note that 
i IY 

W. is defined only for respondents, 
IY 

i.e., when éi. = 1. 
IY 

There are several ways of duplicating units. One of these and the simp­

lest to treat from the point of view of methodological deve1opment is the 

random selection of units for duplication without replacement. 

(c) Hot Deck 

Hot Deck procedures are common methods of adjusting data sets for missing 

values. ln general, a Hot Deck procedure is a duplication process-
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one reported value from the sample is duplicated to representa missing 

value. Thus, the terms 11 imputation procedure 11 and 11 Hot Deck procedure 11 

are not interchangeable. A procedure which imputes the average of all 

reported values for each missing value is an imputation but not a Hot 

Deck procedure. 

The primary reason for using a Hot Deck or a Cold Deck procedure is to 

attempt to reduce nonresponse bias. The essential difference between 

the two procedures 1 ies in the way the information for missing data is 

specified. A Cold Deck procedure is deterministic, i.e. in each speci­

fied condition the same value is substituted for an item nonresponse. 

ln Hot Deck procedures, for each specified condition, the value substituted 

for item nonresponse is the value of that item which was encountered in 

the last 11acceptable 1
' record. Thus in Hot Deck the substitution is 

probabil istic, reflecting the frequency values in the items encountered in 

acceptable records satisfying the same conditions. 

As a method of imputation Hot Deck procedures have some attractive 

features including the following: (a) the procedures result in a rela­

tively easy way of constructing post-strata, [See 1. P. Fellegi and Holt], 

(b) matching of records does not present any special problems and (c) no 

strong madel assumptions need be made in arder to estimate the individual 

values for missing items. 

ln evaluating Hot Deck procedures one would like to know how the bias 

and reliabil ity of the principal estimates are affected by the size of 

classification groups (often referred to as weighting classes), the 

frequency of missing data, the choice of matching items etc. Some theo­

retical work, relating to Hot Decks, has been done by (I.P. Fellegi and 

Holt) (Bailar and Bailar 1978) and (Cox Band Folsom R.E. 1978) 

Future theoretical work lies in attempting to generalize the Hot Deck 

procedures that have been developed and deriving expressions for the 
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bias and variance of estimates based on the procedures. The bias occurs 

from the deviation of the estimated response probabil ity of an item per­

taining to a unit from the actual response probabil ity (which is of course 

unknown) and the correlation between the value of the item and the 

response probability. The variance involves additional components 

beyond those that occur when weighting is applied in a weighting class. 

Depending upon the methods and restrictions imposed on the Hot Deck 

procedure, the additional variance terms may become quite complex. 

ln any case, an extension of the theory pertaining to the variance so 

far developed by Bailar and Bailar seems to be the most promising 

direction to follow. 

(d) Historical Data Substitution Method 

The 11 Historical Data Substitution Method" is one in which historical or 

external sources such as Census, earlier survey or adminstrative data are 

substituted for a unit to replace missing data caused by nonresponse. The 

following two cases of "Historical Data Substitution Method" procedures 

may be considered: 

Case (i) one type, where historical or external source data are 

available for all units which have failed to respond, and 

Case (ii) another where the external source data is available for 

sorne but not all units, and imputation by another method, 

e.g. ''Weighting" must also be applied. 

When external source data are available for every unit, then the imputed 

value of missing data is given by z! the observed value of characteristic Jy 
y1 in the preceding survey, Census, or adminstrative data file. The 

estimate is then given by: 
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1 [ o . y . /TI . + ( 1 - o . ) Z . 
1 y 1 1 1 1 y 

/TI. J 
1 

lt should be noted that both y. and Z~ are subject to response error 
1 1 y 

(4) 

(containing botha possible response bias and response variance) relative 

to the true value for unit i. If historical or external source data are 

available for every unit that fails to respond with respect to characte­

ristic 1 y 1
, then adjustment cells as used in the weighting and duplication 

methods become redundant. 

The bias of the estimate v
3 

may be shown to be sum of two components. 

N 
L: a. BR. 

i=l IY IY 
response bias, due to response errors 

of current responses, 

N 
and 1 

L: ( 1 - a. ) BR. 
i=l IY IY 

imputation bias, due to substitution of 

historical data and introduction of the response bias of historical 

records relative to the characteristic 1 y 1 in the current survey. Here 
1 BR. is the imputation bias pertaining to unit i. 

IY 

When historical or external source data are only available for some non­

respondents, then another imputation procedure such as weighting must be 

applied along with the historical data substitution. When weighting is 

applied in conjunction with the historical data substitution, adjustment 

cells are required and the estimate is given by: 

y4 = L: y b4 
b 

nb 
nb 

0 ~ 1 
yb4 = L: [o. y./n. +(1-o. ) Z. /TI.] (5) 

+ m 1 i=l ry 1 1 1y IY IY 1 
mb b 
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ln formula (5), o~ = l or 0 according as historical or external source 
IY 

data representing characteristic y of unit i are available. The esti-

( 1) 1 . ' 1 h mated response rate mb + mb nb compr1ses two components; mb nb, t e 

l usual response rate for the current survey as defined in (l) and mb /nb, 

the response rate for acceptable historical data among the (nb - mb) 

nonrespondents of the current survey. 

The quantity (mb + m~) equals 

nb 
I [o. +(1-o. ) o! ] , the number of 

i=l 1 y 1 y 1 y 

respondents and nonrespondents with acceptable historical data. 

(e) Zero Substitution Method 

The 11 Zero Substitution Method 11 of imputation is one in which the missing 

data due to nonrespondents are ignored or by implication zero substituted 

for their missing values. 

ln sorne cases, the missing cells are simply labelled as a 11 not stated 11 

and then it is left to the data analyst to treat the data in the manner 

that suits his purposes. 

5. ESTIMATED RESPONSE PROBABILITIES 

The bias in the estimate under each imputation procedure, apart from the 

response bias, results from the estimated response probabil ities differing 

from the true response probabil ities and a correlation between the values 

of the characteristic and the true response probabilities. By del ineating 

cells for imputation purposes, for example strata or clusters, one attempts 

to employ estimated reponse probabil ities as close to the true values 

as possible. The most common procedure is to employ response rates 

which are equivalent to estimates of average response probabil ities in 

adjustment cells. The estimated response probabilities are presented 

in Table 3 by imputation procedure. 
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TABLE 3 

Estimated Response Probabil ity a. by Imputation Procedure 
IY 

Procedure Estimate Est'd Response 
Formula no. (in brackets) Probability 

Weighting ybl ( 1 ) mb/nb 

(3) -1 Dup 1 icat ion y b2 [nb/mb] or [nb/mb +1] 

Historical Data Substitution 

-1 

Case ( i) (includes probabil ity of 
available historical data) 

Case (ii) ( 5) 1 
(mb + mb)/nb (includes probability 

of available historical data 
among nonrespondents) 

The estimated response probabil ities are, in all cases, except for v
3

, 

obtainea by the response rate in cell 'b'. 

6. VARIANCES OF ESTIMATES 

With the application of the concept of response probabil ities as opposed 

to strata of respondents and nonrespondents, the development of the 

variances of the estimates under different imputation procedures results 

in very complex expressions for both sampl ing and nonsampl ing 

variances. The components of which are listed: 

( i) samp 1 ing variance 

(ii) simple response variance 

(iii) correlated response variance 

(iv) variance component due to the variation in the even 

of responding/not responding for each unit 

(v) covariance component due to the covariance between the 

events of responding/not responding for each pair of 

units 
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The first three have been dealt with extensively in the case of full 

response by Fellegi (1964) in the case of srswor and Koch (1973) in 

the case of ppswor. The last two components have been developed 

by R. Platek and G. Gray (1978). 

ft can be shown that the method of duplication will result in a slightly higher 

variance than simple weight inflation in weighting classes or balancing 

areas (See Hansen et al 1953) and the increase will apply to all five 

components. The historical data substitution will almost certainly 

result in Jower variances if the historical data is highly correlated 

with the current values of the characteristics since the high correla-

tion will result in effectively a larger sample. Again, ali five 

components would 1 ikely be reduced. The zero substitution contains a 

lower sampl ing variance mainly because of the under-estimate of the total; 

however, the non-sampling variances are not necessarily lower and the 

overall mean square error of the zero estimate is most 1 ikely larger than 

that of the other estimates because of its large under-estimate. The 

above results have been substantiated by a hypothetical example carried 

out by Platek and Gray [1978]. 

7. APPLICATION OF IMPUTATION TO HOUSEHOLD SURVEYS 
IN STATISTICS CANADA 

The imputation procedures that are in common use in sample surveys and 

censuses in Canada include weight adjustment, duplication, substitution 

of historical or external data and Hot Decks. 

Labour Force Survey 

One of the major continuous surveys conducted by Statistics Canada is 

the Labour Force Survey from which monthly estimates of unemployment, 

employment, and many other characteristics are obtained. The data are 

published a few weeks after surveying about 56,000 households in approxi­

mately the third week of each month. ft is impossible to contact every 

household that should have been contacted because of the stringent schedule 

in collecting and processing the data. Sorne households are away for the 
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entire week, absent each time the interviewers cali, or else they refuse to 

be interviewed. There are of course other reasons for nonresponse but they 

make only a small contribution to the total nonresponse which is maintained 

around five percent most of the time except for increases to seven or 

eight percent in the summer months because of 'Temporary absences' due to 

vacations. 

Imputation for complete household nonresponse is carried out according to 

the following criterion. (i) for about one-third of the nonrespondents 

substitution of last month's values where it is applicable (with suitable 

transformations in some fields to update last month's data) or (ii) 

inflation by the inverse 'response' rate in balancing units ('response' 

in this case including substituted values for those nonrespondents who 

actually responded in the preceding survey with applicable data). ln the 

case of (ii), the imputation for the remaining 2/3 of the nonrespondents 

is implicitly the mean of ail respondents, in the balancing unit (primary 

sampl ing units, small urban and rural portions of PSU, or subunits in large 

cities). 

Imputation for item nonresponse or edit rejects is carried out in one of three 

ways, depending upon the item or items with missing of faulty data and 

depending upon the response status and characteristics of the unit in the 

previous survey. 

(i) the proper item response that has been omitted can be 

unambiguously deduced from the remainder of the 

questionnaire (a decision table would ensure a unique 

and consistent response); 

(ii) the substitution of the item response of the previous survey 

if it is available and if it is appropriate according to a 

decision table; 
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(iii) the application of a Hot Deck procedure whereby a similar 

record is obtained in the same PSU, same path taken (one 

of six possible) in the sequence of questions, and same age­

sex group. Here, col lapsing of weighting classes may be 

required to find a similar type record; usually age-sex 

categories rather than psu•s or paths taken are grouped 

together for imputation purposes when necessary. 

To i11ustrate the imputation procedure for partially completed question­

naires, consider the following examples, pertaining to the Canadian 

Labour Force Survey (LFS). 

Example 1 (Canadian Labour Force Survey) 

Every persan 15 years of age and over, within the households selected for 

the LFS is asked, Question 80 (Q80) 11 1s he going to school or not?••. 

If he is, then the response is coded 1 1 •, if not, then the response is 

coded 1 2 1
• For those not going to school no related questions are asked. 

However, for those going to school, there are follow-up questions: 

Question 81 (Q81), 11 ls he going to school part-time or full-time?••. If 

yes, then Question 82 (Q82) ••what kind of school? 11 ? Thus, the following 

situation may arise. 

Q80 1 1 or 2 which is in error. 

The required relationship between questions must be of the following 

ki nd: 

a. if Q80 = 1 i.e. going to school 

then Q81 = 1 or 2 i.e. fu11-time or part-time 

and Q82 = 1 or 2 or 3 or 4 i.e. the type of school 

b. if Q80 = 2 i.e. not going to schoo1 

then Q81 = blank (not applicable) 

and Q82 = blank (not applicable). 
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There are also entries in other questions that may be related to Q80 

and 82 and these are: Ql4 and Q36: Attending school as a reason for 

working < 30 hours, Q58 11 Going to school 11 as an answer to what the 

respondent was doing immediately before looking for work and 11Going 

to school 11 as a reason in Q64 for not being able to take a job last 

week. ln each case, the code is 1 3 1
• 

** As an example for specifie set of conditions , let us suppose the answer 

to Q80 is not available or is incons·istent with the logic of subsequent 

questions. The following decision table summarizes the steps followed 

in imputing t~e appropriate value for Q80. 

Imputation Rule 

l 2 3 4 5 6 7 
- --

Q81 = l or 2 y N N N N N N 

Q82 = 1 ' 2' 3 or 4 y N N N N N N 

Q14, 36, 58 or 64 = 3 y N N N N N 

Age =- 15 or 16 yrs. y y N N N 

* Survey Mooth =July or August y N N N N 

C80 in Previous Month = l y N N 

= 2 
1 

y N 

" 1 or 2 y 

Th en Q80 in 1 1 2 1 1 2 
Hot 

Current Month Deck 

Here, Hot Deck means a search within the same PSU, Path, and age-sex group 

as stated earlier. 

Each column represents a separate sequence of steps that must be followed 

in order to arrive at the imputed value of whether a person is or is not 

going to school (1 or 2). The Y= Yes and N =No in the main body of the 

decision table corresponding to the condition statements. 

* For persons not 15 or 16 years of age, it does not matter whether the 
survey month is July or August for imputation rules 5, 6 and 7. 

** lt excludes other conditions, for example if Q81 is not 1 or 2 but Q82 
is i, 2, 3 or 4 and vice versa. 
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The detailed discussion for each imputation rule is given below: 

1. The imputed value is based on the interna] logic of the related 

questions. Thus, if Q8l and Q82 have val id responses, then only 

the value of Q80 consistent with other information is assigned 

i.e. if Q81 = 1 or 2 and Q82 = 1, 2, 3 or 4, then impute 'l'for 

Q80, i.e. going to school. 

2. If the information for Q81 and Q82 are not available, then the 

next step is to seek relevant information elsewhere within the 

questionnaire. The other questions are asked depending upon the 

'path' a persan may have followed. Should he/she have indicated 

earl ier that he/she was going to school, then Q80 is also coded as 

such, i.e. if Q81 .f 1, 2 and Q82 .f l, 2, 3, 4 but Ql4, 36, 58 

of 64 = 3, then Q80 = 1, i.e. going to school. 

3-4. If there is no directly related information available, then use is 

made of the information that is indirectly related to the question 

in edit conflict. ln this case, it is the age and the month of the 

survey. If a persan is 15 or 16 years old, then during the months 

of July and August he most 1 ikely was not going to school and thus 

Q80 is coded 2, i.e. not going to school. Whereas for all other 

months he is coded as going to school, i.e. Q81 = 1, i.e. going to 

schoo 1. 

These imputations are examples of rare cases so that the assignment 

of the "most probable value" is justified, even though hot deck 

might be theoretically better but possibly more expensive. 

5-6. If no information in the current month's data is available and the 

persan is not 15 nor 16 years old, the next recourse is to the previous 

month's data. Whatever the response is from the previous month, if 

it is available, it is transferred to the current month's questionnaire. 

The use of last month's data is justified largely on the ground that 

the month to month correlation of characteristics of certain estimates 

is quite high. 
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7. If no information is directly related to school attendance is avail­

able then a response value is imputed from another similar record. 

ln this case, the similar record is selected from the same PSU, path 

age-sex group on the basis of availability, i.e., it is the first 

record on the file that meets the selection criteria. Considering 

the way in which the records are received for processing, selection 

of the first available record is assumed to be a close approximation 

of the random selection method. lt should be mentioned that should 

this search fail, the conditions are relaxed to include the next 

age-sex group. The questionnaire for respondent households is new 

complete and internally consistent using the relevant method of 

imputation. 

1 have given an example for imputation procedures used in the Canadian 

Labour Force Survey. Procedures used in ether household surveys lean 

heavily on the methods used in the Labour Force Survey and the Survey 

of Consumer Finances. The latter defines severa! imputation strata 

and the method of stratification is primarily based on a technique 

developed by Morgan and Sonquist. 

8. CONCLUSION 

The paper has provided a brief overview of the concept of nonresponse, 

severa] sources of nonresponse and of various methods of adjustment for it. 

The results of the various ways of adjusting for nonresponse is that a 
11 clean data set'' is obtained, that is a set of consistent values is avail­

able for each unit in the sample. 

There are a number of methods for adjustments for nonresponse but there 

seems to be a Jack of sound methodological development for most of them. 

The development of integrated theory for imputation becomes more and 

more important with the increasing number of surveys and the difficulties 

of obtaining full responses. However, the primary importance will always 

be to control the size of nonresponse in the field in preference to adjust­

ing for it by various techniques. 
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RESUME 

L'article donne un aperçu général des concepts de données 
incomplètes et de la non-réponse. Il est reconnu que la 
non-réponse est un indice important de la qualité des données 
puisqu'elle affecte les estimateurs en y introduisant un 
biais et une augmentation de la variance à cause d'une 
réduction de la taille effective de l'échantillon. La 
relation entre le biais et le taux de non-réponse est moins 
éviqente puisqu'elle dépend de l'ampleur de la non-réponse 
et aussi de la différence des diverses caractéristiques entre 
les répondants et les non-répondants. 

Le moyen le plus efficace de traiter les effets de la 
non-réponse est d'en minimiser l'ampleur. Cependant, toute 
tentative de contrôler l'ampleur de la non-réponse doit être 
fondée sur une bonne compréhension de ses origines. Les causes 
de la non-réponse et son ampleur sont fondamentalement liées 
i) au type d'enquête, ii) aux méthodes de saisie des données 
et iii) au plan d'échantillonnage. Toutefois, étant donné 
un plan d'échantillonnage, l'ampleur de la non-réponse sera 
influencée par des facteurs tels le type de région et le type 
de non-réponse. 

Il y a plusieurs façons de traiter les données incomplètes. 
Chacune d'elles, en fin de compte, attribue une valeur aux 
données manquantes ou incorrectes; à moins qu'il ne soit 
décidé de publier des données "brutes". La procédure 
d'attribution de valeurs s'appelle imputation et une telle 
valeur imputée décrit, présumément, la caractéristique du 
non-répondant. 

L'article donne une brève discussion philosophique sur le sujet 
de la validation et de l'imputation et leurs applications à la 
méthodologie des diverses procédures d'imputation. Parmi 
celles-ci, mentionnons la pondération, réplication, "Hot Deck 
substitution par des données antérieures et remplacement par la 
valeur zéro. L'application de l'imputation par rapport aux 
méthodes employées par l'enquête sur la population active au 
Canada y est aussi discutée. Une table de décision est fournie 
indiquant les diverses étapes à suivre pour un cas particulier 
d'un questionnaire de l'EPA partiellement complet. 
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