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Abstract
Linear and multiplicative models have been used to explain the factors effecting nonsampling errors,
which naturally includes response error models. The response error models are generally evaluated as
simple response errors while some others evaluated as correlated response errors. They naturally take
the interaction between the interviewer and the respondent into account. In this work, the optimum
interviewer allocation settings have been investigated by using different experimental design plans
including nested, nested and factorial factors and split plot designs to study the sources of both types of
errors. The proposed designs consider several stages of an interactive process
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1. Introduction
Survey research is widely used in different areas such as medicine, astronomy, psychology, media for
the purpose of gathering information about population of interest (Kish, 1995). To be comfortable with
using survey data, we need to get information about the “quality of survey” by studying the sources of
errors involved, which are classified as sampling and nonsampling errors (Lessler and Kalsbeek, 1992).
While sampling errors occur due to observing a sample, nonsampling errors include all types of errors
occur during survey activities other than sampling. Response error is a kind of nonsampling error that
may arise from interviewer’s effects on the respondents’ answers. Survey researchers concerning survey
errors are mostly interested in either measuring their effects on results or findings ways of eliminating
them. Survey errors are described as deviations of survey results from the true values, and researches
interested in estimating them such as Mahalanobis (1946), Hansen et al. (1961), Blair & Biemer, (1984),
Biemer & Stokes (1991), Ayhan, (2003) and Alimohammadi & Navvabpour (2008), proposed models
that incorporate variety of error sources at individual unit level. Assuming that two observations, yj1 and
yj2, are obtained from an interview-reinterview survey, differences within pairs of observations provide
data for the reliability investigation. For categorical type of data, typical measures include crude index,
Kappa and measure of disagreement. For metric data, index of inconsistency, reliability of data, and
the correlation between the responses for the first and second interviews are among the most popular
measures of reliability.
When interviewers cause errors in surveys, correlated errors are observed. The current practice in the
area is to prevent the occurrence of nonsampling errors; this inevitably requires their detection and
control. Under this motivation, in this study, a kind of nonsampling error, response error, is investigated.
Under the assumption that “interviewers affect responses,” several methodologies are proposed for
developing response error models in complex interview-reinterview surveys, where observations are
collected from each strata after the population is divided into stratums, to obtain efficient estimators for
response error components by utilizing various design of experiments (DOEs). These include nested
design (ND) (Ayhan, 2003), nested and factorial design (NFD) and split plot design (SPD) (Ayhan,
2012; Mahmut-Fahmi, 2013).
In the following section, three different methodologies, named as allocation schemes, involving
experimental design plans in fieldworks for allocating interviewer and respondents as well as related
variance component estimators are presented. Concluding remarks are stated in the last section.

2. Interviewer Allocation by Experimental Designs
The proposed methodologies involve schemes for allocating interviewer and respondents that can be
achieved in two or more successive rounds by using various DOEs (Montgomery, 2012).
Allocation Scheme-1: Allocation by nested design. In some experiments the levels of one factor (e.g.
B) are similar but not identical for the levels of another factor (e.g. A). Such an arrangement is called a
ND with the levels of factor B nested under the levels of factor A. The response error model involving
three factors, namely, controller, interviewer and respondent, can be written as
𝑖 = 1,2, … , 𝑎
𝑦𝑖𝑗𝑘 = 𝜇𝑖𝑗𝑘 + 𝜏𝑖 + 𝛽𝑗(𝑖) + 𝛾𝑘(𝑖𝑗) + 𝜀𝑖𝑗𝑘 ,
{ 𝑗 = 1,2, … , 𝑏 (1)
𝑘 = 1,2, … , 𝑐
where μijk represents the true value, 𝜏𝑖 is the ith controller error, 𝛽𝑗(𝑖) is the jth interviewer error nested
under the ith controller, 𝛾𝑘(𝑖𝑗) is the kth respondent error nested under the jth interviewer and the ith
controller, 𝜀𝑖𝑗𝑘 is the NID(0,𝜎 2 ) random error term (Ayhan, 2003; Mahmut-Fahmi, 2013). Let μ and σ2
be the mean and variance, of y respectively. Then,
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where 𝜎𝑟𝑖
= 𝐸 (𝑏𝑐 ∑𝑏𝑗 ∑𝑐𝑘 𝑑𝑖𝑗𝑘
) is the uncorrelated response variance, and 𝑑𝑖𝑗𝑘 is the response deviation
of unit k, enumerated by interviewer j, controlled by the controller i. Here, the response deviation is
determined as 𝑑𝑖𝑗𝑘 = 𝜏𝑖 + 𝛽𝑗(𝑖) + 𝛾𝑘(𝑖𝑗) . Besides, 𝛿2𝑖 is the correlation coefficient between the response
deviations within interviewers’ assignments, and it is defined as
1
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and
is the correlated interviewer variance. Here, the superscript refers to a different respondent,
interviewer or controller as their location in the study. In addition, 𝛿3𝑖 is the correlation coefficient
between response deviations within controllers’ assignments, and defined as
1
1
𝛿3𝑖 = 𝜎2 𝐸{𝑛𝑐(𝑏−1) ∑𝑏𝑗≠𝑗′ ∑𝑐𝑘,𝑘 ′ 𝑑𝑖𝑗𝑘 𝑑𝑖𝑗′ 𝑘 ′ },
(6)
𝑟𝑖
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where 𝛿3𝑖 𝜎𝑟𝑖
is the correlated controller variance. Also, 𝛿4𝑖𝑖′ is the correlation coefficient among
response deviations in two different domains, and defined as
1
1
𝛿4𝑖𝑖′ = 𝜎 𝜎 𝐸{𝑏2 𝑐 2 ∑𝑏𝑗,𝑗′ ∑𝑐𝑘,𝑘 ′ 𝑑𝑖𝑗𝑘 𝑑𝑖′ 𝑗′ 𝑘 ′ }.
(7)
𝑟𝑖 𝑟𝑖′

To consider the response error associated with the reinterview survey, it is assume that the response
model given in (1) is applied to the reinterview data. The variance components are indexed by 1 if it
associated with the parent (main) survey and by 2 if associated with the reinterview survey. Moreover,
the correlations of the variance model errors between surveys can be defined as follows. 𝛽1𝑖 is the
correlation between response errors of the same unit in different surveys and defined as
1
1
𝛽1𝑖 =
𝐸{ ∑𝑏𝑗 ∑𝑐𝑘 𝑑𝑖𝑗𝑘1 𝑑𝑖𝑗𝑘2 }.
(8)
𝜎𝑟𝑖1 𝜎𝑟𝑖2

𝑛

𝛽2𝑖 is the correlation coefficient between the response errors of two different units interviewed by the
same interviewer but in different surveys and given as
1
1
𝛽2𝑖 = 𝜎 𝜎 𝐸{𝑛𝑐 ∑𝑏𝑗 ∑𝑐𝑘≠𝑘 ′ 𝑑𝑖𝑗𝑘1 𝑑𝑖𝑗𝑘 ′ 2 }.
(9)
𝑟𝑖1 𝑟𝑖2

𝛽3𝑖 is the correlation coefficient between response errors of units belonging to the same controller in the
two surveys and given as
1
1
𝛽3𝑖 = 𝜎 𝜎 𝐸{𝑛(𝑐−1) ∑𝑏𝑗 ∑𝑐𝑘≠𝑘 ′ 𝑑𝑖𝑗𝑘1 𝑑𝑖𝑗0 𝑘 ′ 2 },
(10)
𝑟𝑖1 𝑟𝑖2

where 𝑗 0 denotes the interviewer in the reinterview survey, and j denotes the interviewer in the parent
survey. 𝛽4𝑖 is the correlation between response errors of different units assignd to different interviewers
in different surveys, and given by
1
1
∑𝑏𝑗′ ≠𝑗,𝑗0 ∑𝑐𝑘≠𝑘 ′ 𝑑𝑖𝑗𝑘1 𝑑𝑖𝑗′ 𝑘 ′ 2 }.
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𝛽5𝑖𝑖′ is the correlation coefficient between response deviations of units assigned to different controllers
in surveys and given by
1
1
𝛽5𝑖𝑖′ = 𝜎 𝜎 𝐸{𝑛𝑏𝑐 ∑𝑏𝑗,𝑗′ ∑𝑐𝑘′𝑘 ′ 𝑑𝑖𝑗𝑘1 𝑑𝑖′ 𝑗′ 𝑘 ′ 2 }.
(12)
𝑟𝑖1 𝑟𝑖′ 2
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An estimator for uncorrelated response variance of stratum I, 𝜎𝑟𝑖
, suggested by Fellegi (1964) is
2
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∑𝑗 ∑𝑘(𝑦𝑖𝑗𝑘1 − 𝑦𝑖𝑗0 𝑘2 − 𝑦̅𝑖𝑗1 + 𝑦̅𝑖𝑗0 2 ) .
𝑠𝑟𝑖 =
2𝑏(𝑐−1)

(13)

He showed that without a second measurement for a subsample of parent survey respondents, the
uncorrelated response variance is confounded with the sampling variance, and is therefore, not
separately estimable. An estimator for the sum of sampling and uncorrelated response variance, that is,
𝜎𝑠2 +𝜎𝑟2 is given by Kish (1962) as
1
2
2
∑𝑐𝑗 ∑𝑑𝑘(𝑦𝑖𝑗𝑘 − 𝑦̅𝑖𝑗 )2 .
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=
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When the reinterview data is available, the estimator of the interviewer variance in stratum I, 𝛿2𝑖 𝜎𝑟𝑖
, is
given by Fellege (1964) as
1
1
2
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And, without reinterview data, it is given by Kish (1962) as
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1
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𝐼𝐼𝛿̂2𝑖 𝑠𝑟𝑖
= 𝑏−1 ∑𝑏𝑗(𝑦̅𝑖𝑗 − 𝑦̅𝑖 )2 − 𝑏𝑐(𝑐−1) ∑𝑏𝑗 ∑𝑐𝑘(𝑦𝑖𝑗𝑘 − 𝑦̅𝑖𝑗 ) .
An estimator for the controller variance, which combines information from all strata in both surveys is
given as
2
1
1
∑𝑎𝑖(𝑦̅𝑖1 − 𝑦̅𝑖2 − 𝑦̅1 + 𝑦̅2 )2 −
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If reinterview is not conducted, then the estimator is given by Fabbris (1991) as
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∑𝑎𝑖(𝑦̅𝑖 − 𝑦̅)2 −
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𝐼𝐼𝛿̂3 𝑠𝑟2 =
𝐴−1

𝐴𝑏(𝑏−1)

Allocation Scheme-2: Allocation by nested and factorial factors design. In some experiments, some
factors are arranged in a factorial layout while others are nested. The linear model of such a design with
three factors can be written as
𝑖 = 1,2, … , 𝑎
𝑦𝑖𝑗𝑘 = 𝜇 + 𝜏𝑖 + 𝛽𝑗 + 𝛾𝑘(𝑗) + (𝜏𝛽)𝑖𝑗 + (𝜏𝛾)𝑖𝑘(𝑗) + 𝜀𝑖𝑗𝑘 , { 𝑗 = 1,2, … , 𝑏
(17)
𝑘 = 1,2, … , 𝑐
where 𝜇 represents the true value, 𝜏𝑖 is the ith controller error, 𝛽𝑗 is the jth interviewer error, 𝛾𝑘(𝑗) is the
kth respondent error nested under the jth interviewer, (𝜏𝛽)𝑖𝑗 is the interaction error between the ith
controller and the jth interviewer,(𝜏𝛾)𝑖𝑘(𝑗) is the interaction error between the ith controller and the kth
respondent nested under the jth interviewer, 𝜀𝑖𝑗𝑘 is NID(0,𝜎 2 ) random error term. The associated layout
of the fieldwork is presented in Figure 1. For this design, the response deviation of unit k, enumerated
by the interviewer j and controller i is calculated by
𝑑𝑖𝑗𝑘 = 𝜏𝑖 + 𝛽𝑗 + 𝛾𝑘(𝑗) + (𝜏𝛽)𝑖𝑗 + (𝜏𝛾)𝑖𝑘(𝑗) .
(18)
Allocation Scheme-3: Allocation by split plot design. An experiment where the first factor is applied
to whole (main) plots and each whole plot is divided into subplots (or split-plots), to which the second
factor is applied, is called an SPD. A response error model involving three factors namely, controller,
interviewer and respondent, can be stated as follows
𝑖 = 1,2, … , 𝑎
𝑦𝑖𝑗𝑘 = 𝜇 + 𝜏𝑖 + 𝛽𝑗 + 𝛾𝑘 + (𝜏𝛽)𝑖𝑗 + (𝜏𝛾)𝑖𝑘 + (𝛽𝛾)𝑗𝑘 + (𝜏𝛽𝛾)𝑖𝑗𝑘 + 𝜀𝑖𝑗𝑘 , { 𝑗 = 1,2, … , 𝑏 (19)
𝑘 = 1,2, … , 𝑐
where 𝜇 represents the true value, 𝜏𝑖 is the ith controller error, 𝛽𝑗 is the jth interviewer error,𝛾𝑘 is the kth
respondent error,(𝜏𝛽)𝑖𝑗 is the interaction error between the ith controller and the jth interviewer,(𝜏𝛾)𝑖𝑘 is
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the interaction error between the ith controller and the kth respondent, (𝛽𝛾)𝑗𝑘 is the interaction error
between the jth interviewer and the kth respondent,(𝜏𝛽𝛾)𝑖𝑗𝑘 is the interaction error between the ith
controller, the jth interviewer, and the kth respondent, and 𝜀𝑖𝑗𝑘 is the NID(0,𝜎 2 ) distributed random error
term. The layout related with the fieldwork is presented in Figure 2. For this design, the response
deviation of unit k, enumerated by the interviewer j and controller i is calculated by
𝑑𝑖𝑗𝑘 = 𝜏𝑖 + 𝛽𝑗 + 𝛾𝑘 + (𝜏𝛽)𝑖𝑗 + (𝜏𝛾)𝑖𝑘 + (𝛽𝛾)𝑗𝑘 + (𝜏𝛽𝛾)𝑖𝑗𝑘 .
(20)
While implementing all schemes, we assume that there are A domains, and n (=bc) units are drawn
without replacement from each domain, where b is the number of interviewers and c is the size of each
interviewer’s assignments. Also, we assign each controller to one of the A domains. Moreover, in
Allocation Scheme-2 and Scheme-3, similar to Allocation Scheme-1, to calculate the mean and total,
sampling and the uncorrelated response variances, equations from (2) to (4) can be used. Besides, for
the correlation coefficients, the correlated interviewer, controller variances and estimators of error
components, equations from (5) to (16) can be utilized.
4. Concluding Remarks
In this study, we aim to investigate response errors, a kind of nonsampling errors, under complex
interview-reinterview settings. Assuming that interviewers have influence on the respondents, three
methodologies are proposed for developing response error models that utilize various DOE’s for
allocation of interviewers and respondents. They present experimental design plans in fieldworks for
allocating interviewer and respondents, and also the related variance component estimators. Note here
that the implementations of Allocation Scheme-1 and Scheme-2 seem to be feasible although the
implement of Allocation Sheme-3 does not seem to be so since it requires too many visits during the
survey research.
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