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Comparison of Measurement Errors for
Telephone Interviewing and Home Visits by
Misclassification Models
Gad Nathan and Tami Eliav’

Abstract: The assessment of measurement
errors due to the mode of data collection
(home visit or telephone interview) can be
carried out on the basis of repeated observa-
tions, for instance via panel surveys, for char-
acteristics which do not change over time. A
misclassification model is proposed for this
case with probabilities of correct classifica-
tion and of misclassification depending on
the mode of collection. The estimation and
comparison of these parameters is used to
assess the effects of mode of collection.

The models proposed are applied to em-
pirical data from the Israel Labour Force
Survey, in which home visits and telephone
interviews are used in different rounds of the

1. Introduction

The rising costs of survey field-work, espe-
cially when carried out by face to face home
interviews, have led many statistical agencies
to consider alternative methods of data col-
lection. Sample selection via random digit
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survey for the same units. The effects of mode
of collection on model parameters are assessed
for educational characteristics which are not
subject to change over time (for those who no
longer study). This is done separately for the
subpopulation of households who have tele-
phones and are willing to respond by tele-
phone and for the subpopulation of house-
holds who respond only by home visit. The
results indicate that responses obtained by
telephone interview have higher consistency
than those obtained by home visits.

Key words: Misclassification; response errors;
mode of collection.

dialing (RDD) (Waksberg (1978)) and the
use of computer-assisted telephone inter-
viewing (CATI) (Nicholls and Groves
(1985)) have greatly increased the benefits of
telephone surveys. There is no doubt that
sampling and interviewing by telephone is
fast becoming “a major development in the
history of survey methods” (Groves and
Kahn (1979)).

In most countries outside North America,
the use of telephone interviewing has devel-
oped more slowly. In the United Kingdom
Collins (1983) found that 56 % of market
research agencies used telephone interviewing
and Christoffersen (1984) reports increasing
use of telephone interviewing in the Scandi-
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navian countries. However, the use of the
telephone for surveys outside of North America
is still at the most partial or supplementary.
Its primary use in many cases is for follow-
ups, contacting not-at-homes and for screen-
ing. The telephone is also widely used in sur-
veys based on non-probability samples (e.g.,
quota sampling).

There are several reasons for the limited
use of telephone interviewing outside North
America. The main reason is that telephone
coverage of households is far from complete
in most countries, especially for the rural
population. In the United Kingdom an esti-
mated 73 % of households had telephones
(Sykes and Hoinville (1985)). In Israel only
69 % of households had telephones in 1983 —
70 % in urban localities and only 53 % in
rural areas (Central Bureau of Statistics
(1985)). Thus any probability sample survey
would of necessity be a mixed-mode survey,
with telephone interviewing supplemented
by home visits or mail follow-up for the non-
telephone households. Furthermore, in many
countries, especially in Europe, the use of
the telephone is often still limited to important
business and social matters and its use for
interviewing is perceived as an unwarranted
intrusion of privacy. Another reason is the
feeling, often expressed by field staff, that re-
sponse to telephone interviews is in some
way less accurate than that obtained by face
to face interview in the respondent’s home.
There seems to be little empirical evidence to
support this claim and several studies have
found only small differences between re-
sponses obtained by different modes of col-
lection (Colombotos (1969); Kantorowitz
and Nathan (1987); Klecka and Tuchfarber
(1978); Rogers (1976); Schuman and Presser
(1981)). '

Simple comparisons between responses

obtained by telephone surveys with those
obtained from home visits are difficult to
assess because of confounding between the
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effects of mode of collection (telephone in-
terview or home visit) and the effect due to
differences in characteristics between house-
holds without telephones (and those not will-
ing to answer by telephone) and households
with telephones who allow telephone inter-
viewing. Well designed experiments of the
split ballot type, in which subjects are ran-
domly allocated to mode of collection, par-
tially overcome this difficulty, but are diffi-
cult to implement with effective control
(Hochstim (1967); Locander, Sudman, and
Bradburn (1974); Rogers (1976); and Wiseman
(1972)). Moreover, while it is relatively simple
to limit the comparison to households with
telephones, it is more difficult to neutralize
the effect of unwillingness to be interviewed
by telephone. The answers to a hypothetical
question on such willingness in a home inter-
view must be treated with extreme caution.
Obviously, “pure” response error effects
of mode of collection can best be assessed by
independent measurements for the same
subject by telephone and by home interview.
This has been done by telephone reinter-
views of subjects who have previously re-
sponded to a home interview (e.g., Rogers
(1976)). Simple reinterviewing will allow a
comparison but will not provide an assessment
of the measurement errors for which, in gen-
eral, at least two measurements for each mode
are required for each subject. There is an

.inherent difficulty in attaining independent

observations from the same subject over a
short period of time. Here we consider the
possibility of using a multi-round survey,
with relatively long time intervals between
interviews to assess the effect of mode of col-
lection on characteristics which are invariant
over time, at least over the period of the sur-
vey (such as last school attended for those not
studying during the survey period). This is an
extension of the general treatment of response
error micro-effects from repeated surveys,

-
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given in Kantorowitz and Nathan (1987), with-
out a mode of collection effect.

In Section 2 a misclassification model is
proposed, from which, under certain as-
sumptions, both “true” class proportions and
misclassification probabilities can be estimat-
ed, both for responses obtained by telephone
interview and for responses obtained by home
interview for the same set of respondents.
These misclassification probabilities can be
assessed for the set of respondents who exhibit
willingness to respond via telephone inter-
views (by actually participating in at least one
telephone interview), and can be compared
with those estimated for the set of respondents
from whom only home interviews are obtained
(due to the lack of a telephone or to their
unwillingness to be interviewed over the
telephone).

In Section 3 the model is applied to data
from the multi-round Israel Labour Force
Survey for educational characteristics, which
are invariant over time for the subpopulation
of those not studying during the survey period.
The survey uses both telephone interviews
and home visits for each subject, if possible.
Thus, the effects of mode of collection and of
lack of telephone (or unwillingness to be in-
terviewed by telephone) on the biases in the
distributions can be investigated.

2. The Misclassification Model

We extend the misclassification model pro-
posed in Kantorowitz and Nathan (1987) in
order to deal with the effects of mode of collec-
tion for qualitative variables. Previous work on
misclassification, under different assumptions,
was done by Press (1968), Hochberg (1977),
and Cowan (1985).

We consider the population as being divided
by a qualitative polytomous variable into cate-
gories with an unknown probability, Ry, of be-

365

longing to category k, (k=1,...,¢ and
Y xRy =1). At each round of a multi-round
survey, each unit is classified (correctly or not)
into one of the c categories.

Let P{). denote the conditional probability
that a unit reports its category as £’ by mode of
collection j(=1,...,m), given that its true cate-
gory is k(k, k' =1, ..., cand ¥, PY. =1). We
assume that the probabilities, PY). , of misclassi-

fication to category k' (for k' # k) and of cor-
rect classification (for k' = k) are constant over
rounds for the same mode of collection, j. We
also assume that classification is independent
(conditionally, given the true category) over
rounds.

Let xj, be the number of times a given unit is
classified as belonging to category k by mode of
collection j, (j=1, ..., m; k=1, ..., ¢); let
X=(X11, -+« X1c5 «--> Xml» ---» Xmec) b€ the
unit’s mc-component observation vector; and
let r;(x) = Yxxjx be the number of rounds the
unit is observed by mode of collection j. Then,
under the above assumptions, the probability
of observing x can be expressed as:

n(x) = 2 R JLr(x)! I, % [POLT*. ()

If we assume that a simple random sample of
n independent observations on x is obtained,
then the distribution of the frequencies of ob-
serving x, f(x), is multinomial with probabilities
ni(x), where ) f(x)=n and ), n(x) = 1. Thus
the kernel of the log likelihood of the observa-
tions is given by:

In L=7),f(x) In n(x). )

The maximum likelihood estimators of the
parameters R, and PY), must be solutions of the
following equations, obtained by equating the
appropriate partial derivatives of the Lagrange
function for (2) to zero:
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R, =n"" ¥, ful®)
Pﬂ' — Zxxjk’fk(x) (3)
Lxt{(X)fi(x)

where
m(x) = R JILri(x)! I, # [POL.T™. 4)

is the joint probability of observing x and of the
true category being k and

fi(x) = f(x) 7 (x)/e(x) ®)

is the expected frequency of observations x for
which the true category is k, given that the
observed total frequency of x is f(x).

To ensure unique solutions of (3), which are
then MLE, the number of independent obser-
vations, x, must not be less than the number of
independent unknown parameters, which is
(mc +1) (¢ —1) with ¢— 1 independent values
of R, and mc(c — 1) independent values of PY)..
We shall also require, for identifiability, that

Py =Py for k#k'. 6)

Explicit solutions of (3) are, in general, not
available but a simple iterative procedure is
obtained by substituting the values of fi(x),
computed by (3) and (4) from one set of param-
eter values, into (5) to obtain the next set. For
initial values of the parameters the following
“naive” estimators can be used

Remn! Tuft) 225

er j(x)

f (x)xjkxjk'

sz' = "_]ﬁil Zx rj(x)[rj(x) — 1]

™)

for k' #k, and
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This procedure can be shown to be equiv-
alent to the EM algorithm (Dempster, Laird,
and Rubin (1977)). The condition rj(x) =2 is
required to ensure identifiability and thereby
unique solutions of (3), subject to (6), which
are MLE.

3. The Empirical Results

The misclassification model described above
was applied to a set of data on educational
characteristics derived from four rounds of a
single panel of the Israel Labour Force Survey.
The data set was derived for the general anal-
ysis of response error effects in Kantorowitz
and Nathan (1987) which describes the data
set’s characteristics and sources in detail. A
brief summary of the aspects of the data set
most germane to the present analysis follows.

As pointed out previously, the models can
be applied only to characteristics which are
invariant over time. Most of the variables
measured in Labour Force Surveys or other
current surveys either change over time
(e.g., labour force characteristics), or are
obtained only at the firstinterview (e.g., date
of birth). In the Israel Labour Force Surveys
the following set of educational questions is
asked independently in each of the rounds
(up to four) for each household and each in-
dividual aged 14 and over.

For those who did not attend school during
the whole period of the survey (ascertainable
via question 8), the variables “years of study”
(question 9) and “type of last school attended”
(question 10) can be regarded as invariant
over the rounds in which the respondent partici-
pated.

The Israel Labour Force Survey is a cur-
rent rotating panel survey with four panels
investigated each quarter for urban localities
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8. Have you attended school or do you attend school now?

1 Attended only in the past
2 Presently attending (even if on vacation)

3 Never attended school ----- > skip to question 11
9.  For how many years have you attended school? ad

10. What is the type of school last attended?

01 Primary school
02 Intermediate school

04 Secondary school

05 Yeshiva

06 Teacher training college

07 Technical post-secondary school
08 Other post-secondary school

09 Academic institution

10 Other, specify

03 Vocational or agricultural secondary school

(Central Bureau of Statistics (1987)). Each
dwelling unit in the survey is investigated for
two consecutive quarters and after a break
of two quarters, for two additional consecutive
quarters. The sample design is stratified single-
stage stratification for large localities with
each locality serving as a stratum, and two-
stage for smaller localities, with stratified
PPS selection of localities in the first stage.
The selection of dwelling units within selected
localities is random systematic from lists of
units, with equal final inclusion probabilities.
The final sample for urban localities can be
considered an approximate simple random
sample of dwelling units. Since all persons
aged 14 and over in selected dwelling units
are investigated, the sample of individuals is
clustered.

Face to face home interviews are carried
out for most households in the first and last

rounds. Telephone interviews are often used
in the second and third rounds, at the discre-
tion of the interviewer and after receiving the
household’s consent during the first inter-
view. A small number of responses are ob-
tained by mail. The respondent rule allows
any adult member of the household to answer
for all others. Overall non-response runs to
about 13 %. The data set was based on the
population in urban Jewish localities (about
86 % of the total) who participated in the
panel first investigated in the last quarter of
1980. Only the 4 084 persons matched by sur-
vey identity number, sex and age and who
reported consistently that they attended
school only in the past (question 8) were re-
tained.

The distribution of responses obtained
from these persons in each round, by mode of
collection, is given in Table 1.



368

Table 1. Responses by mode of collection in
each round
Mode of collection
Round Total Homevisit Telephone Mail
1 3105 3020 67 18
2 3216 1767 1435 14
3 3109 1554 1542 13
4 3 065 2932 110 23

For the present analysis, only respondents
who participated in at least two rounds were
included, to ensure identifiability, and mail
responses were excluded. In addition, 69
persons who responded only by telephone in-
terview were excluded. The final data set in-
cluded 11 901 responses for 3 435 persons.

This sample was divided into two: (1) those
who responded at least once by home visit
and at least once by telephone interview —
“telephone households” — representing the
population of households with telephones
who could be reached and were willing to re-
spond both by home visit and by telephone;
and (2) those only responding by home visits
— “non-telephone households” — representing
the population of households without tele-
phone or unwilling to respond by telephone.
The breakdown is given in Table 2.
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It should be emphasized that responses
obtained over the different rounds for the
same unit (whether by home visit or by tele-
phone) were usually obtained by the same in-
terviewer. This implies that the confounding
between interviewer effect and that of mode
of collection, or round is limited. This fact
could, on the other hand, cause between-
round response dependence. However, it
should be noted that the time lags between
rounds, ranging from three to fifteen
months, are such that this dependence must
be very small. Clustering of units (an average
of 2.7 persons per household) may cause some
departure from the assumption of indepen-
dence between the units.

The results of applying the model of Section
2 to each of the subpopulations are given in
Table 3 for groups of years of study and in
Table 4 for last school attended. The results for
groups of years of study shown clearly that, for
telephone households, telephone interviewing
results in less misclassification than home visits.
For all four categories the probabilities of cor-
rect classification (underlined) are higher for
telephone interview than for home visit, the
greatest difference being that for the group
with 9-10 years of study (more than 9 %). The
overall probability of misclassification,
Y.«Rx[1— P{}], for the telephone households is

Table 2. Persons responding (by home visit or telephone) in two or more rounds and their re-

sponses by mode of collection’

Responses
Persons Total Homevisit _Telephone
Total 3381 11 901 8 896 3 005
“Telephone households”
(both modes) 1 840 6 696 3691 3005
“Non-telephone households”
(only home visits) 1541 5205 5 205

! Responses by mail and those responding only by telephone excluded.
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Table 3. Estimates of misclassification probabilities for groups of years of study by type of
household and by mode of collection (percentages)

True Estimated Estimated conditional probability of reporting category k' — P{),
category percentage
k Ry 1-8 9-10 11-12 13+

Telephone households — response by telephone interview

1-8 28.2 94.7 3.6 1.3 0.3

9-10 16.2 5.1 85.2 8.6 1.1
11-12 32.5 1.5 1.1 94.4 2.9
13+ 23.1 0.2 0.4 1.8 97.6
Telephone households - response by home visit

1-8 28.2 90.5 53 34 0.7

9-10 16.2 10.1 75.9 12.6 1.5
11-12 325 1.5 4.4 89.5 4.6
13+ 23.1 0.0 0.9 4.1 95.0
Non-telephone households — (response by home visit)

1-8 30.8 95.5 3.0 1.4 0.2

9-10 21.7 9.2 80.9 8.8 1.2
11-12 29.7 2.8 5.2 87.8 4.2
13+ 17.9 0.9 0.8 4.8 93.5

Table 4. Estimates of misclassification probabilities for last school attended by type of household
and by mode of collection (percentages)

True Estimated Estimated conditional probability of reporting category k' — P{).
category percentage
k Ry Primary Vocational Secondary’ Academic

Telephone households — response by telephone interview

Primary 28.8 9.9 1.7 53 0.1
Vocational 23.7 3.0 86.7 9.9 0.4
Secondary! 30.7 2.7 5.5 89.4 2.4
Academic 16.8 0.2 0.4 5.0 94.4
Telephone households — response by home visit

Primary 28.8 90.4 3.5 5.9 0.2
Vocational 23.7 5.2 80.8 13.8 0.1
Secondary’ 30.7 3.2 7.1 87.9 1.7
Academic 16.8 0.2 0.4 6.6 2.9
Non-telephone households — (response by home visit)

Primary 33.0 93.9 2.2 4.0 0.0
Vocational 28.2 4.7 84.3 10.6 0.4
Secondary! 28.8 4.3 8.9 84.8 2.1
Academic 10.0 0.0 1.0 2.7 96.3

! Includes post-secondary schools.

estimated as 11.1 % for home visits as against somewhat lower than that for telephone house-
6.3% for telephone interviews. For non-tele-  holds, but still much higher than for telephone
phone households the overall probability of interviews (for telephone households).
misclassification (for home visit) is 10.2 %, -
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Table5. Asymptotic confidence intervals for overall misclassification probabilities (telephone

households — percentages)

Years of study Last school attended
Home visit 11.1 = 4.7 122 + 4.7
Telephone interview 63 £ 5.0 9.6 = 4.8
Difference 5.8 £ 45 2.6 = 39

Similar but less striking results are obtained
for last school attended, but overall the ad-
vantage of telephone interviewing is still
clear, with its estimated misclassification rate
0f9.6 %, against 12.2 % for home visits. For
non-telephone households the overall mis-
classification is again intermediate — 11.2 %.
Correct classification probabilities range
from a low of 84.3 % for vocational school to
a high of 96.3 % for academic (both higher
than those for home visits to telephone house-
holds).

The estimates above are, of course, subject
to sampling errors. Estimates of the asymp-
totic variances of the sample estimates and
their covariances were obtained, under the
assumption of simple random sampling, from
the estimated information matrix. While the
separate estimates of the conditional misclas-
sification probabilities and of the conditional
probabilities of correct classification suffered
from high sampling errors (up to 15 % relative
standard error), sampling errors of the overall
misclassification probabilities were small.
Thus 95 % asymptotic confidence intervals
for the overall misclassification probabilities
are shown in Table 5. They indicate a signifi-
cant difference between modes for “years of
study,” but not for “last school attended.”

In addition, the difference between the two
modes of collection was tested by the likelihood
ratio test — the null hypothesis being that the
probabilities P}, do not depend on j. This hy-
pothesis was clearly rejected at significance lev-
els of less than 0.001, both for “years of study”

and for “last school attended.”” The values of
—21n()) (where X is the likelihood ratio) were
6397 and 2787, respectively — with 12 degrees
of freedom.

The misclassification model provides, besides
estimates of misclassification probabilites, also
estimates of the true proportion of units in each
category, Ry. These are given in the first col-
umn of Tables 6 and 7, separately for telephone
households and for non-telephone households.

As might be expected, telephone households
have a somewhat higher educational level than
non-telephone households.
households have higher proportions than non-

Thus telephone

telephone households in the categories 11+
years of study” and for “last school academic
and secondary.”

The distribution estimated by taking misclas-
sification into account can be compared with
the expectation of the distribution as reported
by each mode of collection and for each sub-
population, R{(j) = Y. xRy Py, and the relative
biases of the estimates of proportions can be
estimated by: [RE()/Re] — 1.

The results are shown in Tables 6 and 7 and
they show, for the subpopulation of telephone
households, the superiority of telephone in-
terviewing over home visits, with respect to
biases in estimating a distribution, under the
assumptions of the model. Absolute relative
biases in the proportions which would have
been obtained by telephone are lower than
those which would have been obtained by
home visits in all but one category of “years

-
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Table 6. Effect of mode of collection on biases in distribution by groups of years of study

Category Estimated Expected percentage Relative bias (percentage)
percentage reported by
Telephone Home Telephone Home
interview visit interview visit
Telephone households
1-8 28.2 28.1 27.6 -0.5 -2.0
9-10 16.2 15.3 15.4 -5.8 —4.8
11-12 32.5 32.0 33.0 +1.1 +1.6
13+ 23.1 23.8 23.9 +2.8 +3.4
(2.6)! (2.9)!
Non-telephone households
1-8 30.8 32.4 +5.2
9-10 21.7 20.2 =71
11-12 29.7 29.3 -14
13+ 17.9 18.3 +2.3
(4.0)!

1 Average, absolute values.

Table 7.  Effect of mode of collection on biases in distribution by last school attended

Expected percentage Relative bias
reported by (percentage)
Estimated Telephone Home Telephone Home
Category percentage interview visit interview visit
Telephone households
Primary 28.8 28.3 28.3 -1.6 -1.8
Vocational 23.7 22.8 22.4 -3.8 -5.5
Secondary 30.7 32.2 33.1 +4.8 +7.7
Academic 16.8 16.7 16.2 -0.5 -3.5
@.n! (4.6)!
Non-telephone households
Primary 33.0 33.6 +1.7
Vocational 28.2 27.2 -3.7
Secondary 28.8 29.0 +0.7
Academic 10.0 10.3 +3.5
2.4)!

! Average, absolute values.

of study,” and in all categories for “last
school attended.” Overall there is a reduc-
tion in the mean absolute relative bias for
both variables — from 2.9 % to 2.6 % for
“years of study” and from 4.6 % t02.7 % for
“last school attended.”

Since telephone households represent only
about a half of all households, an attempt was
made to assess the overall impact of using tele-

phone interviews for telephone households.
The expected proportions were estimated
separately for non-telephone households and
the resultant biases estimated as above. The
results are shown in the lower parts of Tables
6 and 7 and show that the biases for non-tele-
phone households are neither consistently
higher nor lower than those attained by home
visits from telephone households.
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The estimated proportions, 112\,(, and the
expected proportions RZ(]’) for the subpopu-
lations were combined to obtain estimates
for the total population, by weighting accord-
ing to the sample representation (54 % — tele-
phone households). The results still indicate
the superiority of telephone interviews even
if only used partially (i.e., a combination of
telephone interviews for telephone house-
holds and of home visits for non-telephone
households). Thus for “last school attended”
absolute biases for telephone interviewing
are still consistently lower than for home
visits — with a mean absolute bias of 1.8 %
against 2.6 %.

4. Discussion

Some of the obvious limitations of the simple
misclassification model require further atten-
tion. One of the basic assumptions is the
constancy of the category probabilities over
the rounds. Since the characteristics investi-
gated in our example are, by definition, in-
variant over time, the true category proba-
bilities are certainly constant. However, there
might be a differential bias in response that is
not covered by our model. Thus several studies
of the U.S. Current Population Survey (CPS)
have indicated the importance of the phe-
nomenon known as “rotation group bias”
(see e.g., Bailar (1975)) which manifests it-
self in systematic differences in reports on the
same characteristic over different rounds. A
detailed analysis of our data on the basis of a
linear model (Kantorowitz and Nathan
(1987)) showed no significant differences be-
tween rounds for the educational characteris-
tics, even when mode of collection was taken
into account. Although a comparison of
aggregates over a longer period did indicate
some round effects, these could be attributed
to differential non-response.
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The effect of the assumption of indepen-
dence of response deviations over rounds is
more difficult to assess. Reinterview studies
of the U.S. Current Population Survey have
shown a small degree of dependence (a cor-
relation coefficient of response deviations of
about 0.3) for labour force characteristics
(O’Muircheartaigh (1986)). However, prac-
tically all the CPS reinterviewing is carried
out within two weeks of the original inter-
view, whereas in our case the time between
interview and reinterview (by the same mode)
was mostly from 9 to 15 months and in all cases
not less than 3 months. Furthermore, lower
correlations could be expected for educational
characteristics than for labour force charac-
teristics. It is difficult to believe that substan-
tial correlations could result under our condi-
tions, but even if they did, they would effect
the conclusions on the difference in quality
between telephone and home interviewing
only if there is a substantially higher correla-
tion for telephone interviewing than for home
visits. Although a model with correlated re-
sponse deviations could be set up (see, e.g.,
Cowan (1985)) the number of parameters
would be too large for viable estimation.

The Israel Labour Force Survey allows any
adult respondent to answer for all household
members and more than half the responses
are indeed by proxy. The results of Kantoro-
witz and Nathan (1987) do indicate higher
consistency by self-response than for proxy
response (for heads of households). Thus, it
is possible that the higher rate of self-response
in telephone interviewing than in home visits
contributes to the improved quality of tele-
phone interviewing. Due to technical reasons,
this could not be ascertained for the present
data. However, even if this is so, it does not
change the basic conclusions, but, possibly,
provides a partial explanation.

To summarize, its limitations notwith-
standing, the misclassification model indicates
systematic significant differences bgtween



Nathan and Eliav: Comparison of Measurement Errors by Misclassification Models

responses obtained for the same units by home
visits and by telephone interviews. A com-
parison for simple response variances has led
O’Muircheartaigh (1986) to conclude that
telephone interviewing is more reliable than
personal interviewing. Although the differ-
ences are not substantial, our results also
clearly indicate that inconsistency in response
— as measured by the rate of misclassification
for qualitative variables — is higher for re-
sponses obtained by home visits than for those
obtained by telephone interviews and that
biases in estimating a distribution can be re-
duced by the use of telephone surveying.
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