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Abstract

Survey implementation is one of the common methods to data col-
lection. Quality of survey results is of prime importance due to their
applications in decision making and planning.

Accuracy is a main concept related to data quality. There is an in-
verse relation between accuracy and total survey error. To determine
accuracy of survey results, it is necessary to estimate both sampling
and nonsampling errors. Response error, as an unavoidable and quan-
tifiable part of nonsampling errors, is a main part of nonsampling errors.
Therefore, modeling of the response error and estimation of the model
components is considered.

In this paper, interval estimation of response error effects is studied
and the confidence intervals are presented. As an application of the
presented confidence intervals, three typical data sets are considered and
optimal confidence intervals of the variance components are computed.
In all of the cases, optimal intervals estimated numerically.
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1 Introduction

Statistical information is applied for all of the planning fields and decision
making. Surveys, including censuses and sampling surveys, are the common
methods to data collection. Successful planning requires statistical information
with high quality. To determine data quality of survey results, it is necessary
to estimate total survey error.
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Response error is an unavoidable part of nonsampling errors. It is defined as
the difference between true value and the observed value for each respondent.
Modeling of response error is required to quantifying the error. One of the
applications of response error model is to estimate quality of survey results.
Therefore estimating of model components is considered. Groves [7] studied
nonsampling errors in surveys.

In this paper, a model of response error in face to face surveys is considered
and interval estimation of variance components of the model is assessed and
confidence intervals of the response error model components are presented.
Bonferroni’s inequality is applied to obtain the confidence intervals. As an
application of the obtained results, three typical data sets are considered and
confidence intervals for variance components of the response error model are
calculated for each of the data sets. To compute the optimal confidence in-
tervals, numerical computations is applied in all of the cases. In the other
words, shortest confidence intervals at supposed confidence level 90 percent
are estimated in all of the cases.

The presented confidence intervals of variance components can be applied
to determine survey precision and to assess the performances of the survey
operators that is the operators with random effects in the response error model,
such as interviewers. In the other words, the presented intervals may be used
to reduce survey errors due to training and controlling survey operators.

2 Response Error Models

Generally survey errors consist of sampling and nonsampling errors. Response
error is a major part of nonsampling errors and modeling of this error has
received a particular attention over years. Mahalanobis [9] and Sukhatme and
Seth [10] were first statisticians who used ANOVA for modeling response error.
After them, several researchers such as Kish [8], Biemer and Stokes [5] have
extended their works. In this section, some of different proposed models are
overviewed.

Kish [8] has considered an ANOVA model in which the response from the
jth unit to the ith interviewer is expressed as:

yij = μij + Ai + eij

Where μij is the true value of ijth unit, Ai is the effect of ith interviewer on
any interview and may be considered as containing other sources of error.

Bassie and Fabbris [4] have presented a measurement error model including
supervisor, interviewer and respondent effects, as follows:

yhij
= μhij

+ Sh + Ahi + Bhij
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Where estimated value is computed as a function of the true value, supervisor
error, interviewer error and respondent error (respectively) in a supervised
interview-reinterview setting.

Biemer and Trewin [6] have considered two general models for measurement
error, one for continuous data and one for binary data. Here the first type
is described. Based on their notation, U = {1, 2, . . . , N} is a label set for
the target population containing N units and S = {1, 2, . . . , n} denotes the
label of sample units so that n=mI. It is assumed that S is partitioned into I
assignments of m=n/I units. Si is the set of units assigned to the ith operator
and dij is the error of jth unit in Si for j = 1, . . . , m and i = 1, . . . , I. For
j ∈ Si, it is assumed that dij is sum of two error terms, Ai and Bij, where Ai is
an operator error which is assumed to be same for all units in the ith operator
assignment and Bij is the elementary error due to respondent as well as other
sources of error including the operator. Thus, the model for ijth observation
is:

yij = μij + dij = μij + Ai + Bij (1)

Where Ai can be considered as fixed or random and Bij as random variables.

Ayhan [2] has proposed a model for the measurement error components in
supervised interview-reinterview surveys.

Alimohammadi and Navvabpour [2] proposed a model of measurement error
in face to face surveys as follows:

yijkls = μijkls + Ai + Bij + Cijk + Dijkl + Rijkls (2)

Where yijkls is the observed value and μijkls is the real value of sth unit of
lth interviewer for kth controller related to jth supervisor in the ith state.
Ai is the effect of states, Bij is effect of the related supervisor, Cijk indicates
controller (and coder) effect, Dijkl as interviewer effect and Rijkls is effect of
respondent.

Index i = {1, 2, ..., I} is applied for states, j = {1, 2, ..., Ji} for supervisor,
k = {1, 2, ..., Kij} for controller, l = {1, 2, ..., Lijk} for interviewer and s =
{1, 2, ..., Sijkl} is index of respondents.

In model (2), effect of respondents nested in interviewers, interviewer effect
in controller effect, controller effect in supervisor and all of the effects nested in
state effect. Usually in statistical surveys, effects A, B and C are fixed and D
and R are random variables. Then model (2) is considered as a nested mixed
effect ANOVA model.

Alimohammadi [1] has studied estimation of response error model effects
for unbalanced data.
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3 Interval Estimation of Variance Components

Assume that random effects D and R in model (2) are distributed as Dijkl ∼
N(0, σ2

D) and Rijkls ∼ N(0, σ2
R) respectively. Furthermore the real values,

μijkls = μ + Mijkls where μijkls ∼ N(0, σ2
M). For balanced data in all of the

levels (that is Ji = J, KIj = K, Lijk = L and Sijkl = S) and by considering the

following conditions on the fixed effects,
I∑

i=1
Ai = 0,

J∑

j=1
Bij = 0, for i = 1, ..., I

and
∑

k
Cijk = 0, for i = 1, ..., I, j = 1, ..., J .

Then, Sum of squares of total can be written as:

SST = SSR + SSD + SSC + SSB + SSA

Where, sum of squares of the effects is shown by their symbols in model (2).
Under the model assumptions and let t = σ2

R + σ2
M , it can be shown that

SSR
t

distributed as χ2
IJKL(S−1). Therefore, the (1− α) probability interval of t

is as follows:

SSR

χ2
U,IJKL(S−1)

< t <
SSR

χ2
L,IJKL(S−1)

(3)

Where χ2
L,IJKL(S−1)

and χ2
U,IJKL(S−1)

are the extreme values of chi-square distri-

bution with IJKL(S-1) degree of freedom such that the probability between
these values is (1 − α). Then 100(1 − α) percent confidence interval of t is
obtained by replacing sample values in relation (3).

By the similar manner of obtaining relation (1 − α), it can be shown that
SSD

t+Sσ2
D

distributed as χ2
IJKL(S−1), then:

P (
SSR

χ2
U,IJK(L−1)

< t + Sσ2
D <

SSD

χ2
L,IJK(L−1)

) = 1 − α (4)

Therefore, the confidence interval of t + Sσ2
D can be obtained by relation (4).

Note that the mean squares of random effects R and D are defined as
MSR = SSR

IJKL(S−1)
and MSD = SSD

IJK(L−1)
respectively. Furthermore if the

denominator and the numerator of the following ratio are independent, then
the ratio:

MSD/(t + Sσ2
D

MSR/t
(5)

has F distribution with IJK(L-1) and IJKL(S-1) degrees of freedom.
By setting F = MSD

MSR
in relation (5), the 100(1 − α) percent confidence

interval of the ratio of variance components can be written as:

P (
1

S
(

F

FU,IJK(L−1),IJKL(S−1)

− 1) <
σ2

D

t
<

1

S
(

F

FL,IJK(L−1),IJKL(S−1)

− 1) = 1 − α (6)
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Where FL and FU are extreme values of F distribution with probability 1− α
between these values. Therefore, the interval estimation of σ2

D is calculated
separately as:

P (
t

S
(

F

FU,IJK(L−1),IJKL(S−1)

− 1) < σ2
D <

t

S
(

F

FL,IJK(L−1),IJKL(S−1)

− 1) = 1 − α (7)

On the other hand, relation (4) can be written as:

P (
1

S
(

SSD

χ2
U,IJK(L−1)

− t) < σ2
D <

1

S
(

SSD

χ2
L,IJK(L−1)

− t)) = 1 − α (8)

Now the above relations is used to obtain confidence interval for σ2
D by applying

Bonferroni’s inequality. Bonferroni’s inequality states that, for every two sets
A and B, P (A

⋂
B) ≥ P (A) + P (B) − 1. By applying this inequality, from

relations (7) and (8) can be easily shown that:

P (
SSD

Sχ2
U,IJK(L−1)

(1 − FU

F
) < σ2

D <
SSD

Sχ2
L,IJK(L−1)

(1 − FL

F
)) = 1 − α (9)

Then a 100(1 − α) percent confidence interval of the interviewer effect is de-
termined by applying the relation (9).

4 Application

As an application of the obtained results, some of the typical data sets is consid-
ered and confidence intervals of the response error model variance components
is calculated for each of the data sets. To compute the optimal confidence inter-
vals, numerical computations are applied in all of the cases. In the other words,
shortest confidence intervals at the supposed confidence level 90 percent are
estimated in all of the cases. In all of the data sets, N=1180, I=1, J=1, K=2,
L=2 and S=295. These values are used in the following computations. The
mean of first data set is 58135376. In this set of data, computations show that
SSR=2226641.234, MSR=1893.367, SSD=223.948 and MSD=111.974. From
relation (3), the 90 percent confidence interval of variance component t can
be calculated. To obtain optimal confidence interval, numerical methods are
applied. For this data set, degree of freedom of chi-square distribution is 1176
and the shortest confidence interval 90 percent is as follows:

(1775.589, 14048.21)

The mean of second data set is 62720580 and SSR=2699304.41, MSR=2295.327,
SSD=2928.322 and MSD=1464.16 are obtained. From relation (3), the 90 per-
cent confidence interval of variance component t can be calculated. To obtain
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optimal confidence interval, numerical computation is applied. For this data
set, the shortest confidence interval of t is as follows:

(2152.43, 17026.01)

In the third data set, mean is 64731901,SSR=3042097.451, MSR=2586.817,
SSD=3629.617 and MSD=1814.808 are obtained. From relation (3), the 90
percent confidence interval of variance component t can be calculated. For this
data set, the shortest confidence interval of t , by numerical computations, is
as follows:

(77/2425.77, 19188.2)

In the above computations for all of the data sets, numerical computations are
applied to obtain optimal intervals of the variance components.

5 Conclusion

Estimating precision of survey results is important due to various applications
of the results. To compute precision in surveys, interval estimation can be used
because of some advantages of interval estimation and ability to determine level
of confidence of the results. In this paper, a model of response error in face
to face surveys is considered and interval estimation of variance components
of the response error model is assessed and confidence intervals for the model
components are presented. Bonferroni’s inequality is applied to obtain the
resulted intervals and numerical computation is applied in all of the cases in
application section.

The presented results in this paper can be applied to determine the pre-
cision of survey operators for assessing their performances and to estimate
precision of survey results
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