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If the direct questioning in surveys on sensitive variables leads to non-ignorable nonresponse and untruthful
answers, a considerably biased estimator might be the consequence. For such cases, the higher complexity
of the indirect questioning designs such as the nonrandomized response models may pay off in terms of
estimation accuracy assuming an increase in respondents’ cooperation. In this methodological article, two
new nonrandomized response questioning designs are proposed that are simple to implement in several
survey modes and easy to understand. These models, the double triangular model and the flat parallel model,
are nonrandomized versions of two well-established and practically applied methods, the forced and the
contamination method, to overcome the limitations of these randomized response techniques. Additionally,
the theory of all nonrandomized response models is developed for general probability sampling under one
theoretical roof. Moreover, all these models are compared from the point of view of their respective levels of
privacy protection. The flat parallel model combines the advantages of the other models and can thus have a
positive effect on both, cooperation willingness and estimation accuracy.

Keywords: indirect questioning designs; randomized response techniques; privacy protection;
nonresponse; untruthful answering

1 Introduction

For the estimation of a relative size π of a subgroup A
of a study population U with size N (A � U), let variable
y indicate the membership or non-membership of this group
for a population unit k (k 2 U):

yk =

(
1 if k 2 A;

0 otherwise

Hence, the parameter π is given by

  =
1

N
�
X

U

yk (1)

(ΣU denotes the sum over all N population units). In
a general probability sample s of size n drawn without
replacement, the design-unbiased Horvitz-Thompson-based
estimator of π is given by
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�HT =
1

N
�
X

s

yk � dk (2)

(Σs denotes the sum over all n sample units). Therein,
dk denotes the design weight of unit k, defined as usual as
the reciprocal of the first-order sample inclusion probability
ωk of sample unit k (cf., for instance, Särndal et al., 1992,
p. 43 ff).

When questions on sensitive topics, such as tax morality,
academic cheating, domestic violence, harassment at work,
cyber mobbing, illegal work, sexual behavior, or racism, to
name only a few examples, are directly asked in statistical
surveys, the rates of nonresponse as well as untruthful an-
swering might increase above the usual levels and the drawn
sample s be decomposed into three disjoint parts: one part
consisting of the sample units who respond truthfully; a sec-
ond one consisting of the units who respond untruthfully;
and a third one consisting of the units for which y cannot
be observed at all. This imposes measurement and nonre-
sponse errors on the estimation. Consequently, the estimator
πHT based only on the response set, consisting only of the
first two of these parts of the sample s may be strongly bi-
ased (cf., for instance, Tourangeau & Yan, 2007, p. 862 f).
Before having to apply the statistical methods of weighting
adjustment and data imputation to try at least to compen-
sate for the occurred nonresponse, but not for the untrue
answers hidden in the response set, data collectors should
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do everything to keep both rates, that of non-responses and
that of untrue answers, as low as possible.

Indirect questioning (IQ) designs such as the “random-
ized response (RR) methods,” the “item count technique”
(“unmatched count technique” or “list experiment”), or the
“nonrandomized response (NRR) models” aim precisely at
addressing both problems, untruthful and missing answers,
before they occur. The common characteristic of all IQ de-
signs is that they “mask” the true status of a survey par-
ticipant with respect to the sensitive study variable y, so
that an experimenter is not able to conclude from the given
process answer directly to this variable. This privacy-pro-
tecting effect shall ensure the respondents’ cooperation (for
an overview of IQ designs, see Chaudhuri & Christofides,
2013, or Chaudhuri et al., 2016).

However, to be seen as a serious competitor to the di-
rect questioning-practice common in empirical research, IQ
designs have to be simple to implement in several survey
modes for the experimenters and easy to understand for
the respondents. Moreover, their theory must be as general
as possible to be applicable with all probability sampling
schemes because in fields, in which sensitive questions
are asked, more often than not complex sampling schemes
with unequal inclusion probabilities including stratification
and/or clustering are used.

The pioneering work in this field was published by
Warner (1965). In his RR technique (for an introduction
see, for example, Genest et al., 2024), one of the following
two statements S1 and S2 is randomly assigned to a survey
participant with unequal probabilities:

S1: I am a member of group A (for example: I cheated on
an exam last semester).

S2: I am a member of group AC (for example: I did not
cheat on an exam last semester).

(AC = U – A). If the randomly selected statement applies
to the respondent, she or he has to provide a “yes”-process
answer, otherwise a “no.” This questioning design does not
enable the experimenter to link the given process answer of
respondent k with certainty to the true value yk.

Since this initial boost, various other RR methods have
been developed. All of these questioning designs require
a randomization instruction to select the statement that the
respondent has to answer. This instruction can be employed
either explicitly by the usage of a randomization device
such as dice, a spinner, or a digital random number gen-
erator (cf., for instance, Peeters et al., 2010), or implicitly
by a preceding randomizing question on the membership of
a certain population subset R � U, unrelated to the sensitive
subject and of known relative size. In such a case, to ensure
the respondent’s willingness to cooperate, the experimenter
must, without any doubt, not know or be able to tell the re-
spondent’s answer to such a question. Therefore, a question
on the birth date, age, phone or house number of a person

determined by the experimenter (e.g., the interviewee her-
self or himself, her or his mother or father), although this
is often suggested in the literature, is conceivably unsuit-
able. Instead, it is advisable to let the respondent choose
the reference person herself or himself beforehand, which
mimics the usage of a randomization device (see Quatem-
ber, 2019, p. 271). For this purpose, the implicit randomiza-
tion instruction could be formulated in the following way:
‘Think of a person (you, your mother, a friend, someone
else) whose date of birth you know but without revealing
this information and stick to it. If the birth date lies within
the interval from January to September, then answer on the
first statement, otherwise the second.’

Two obvious weaknesses of the RR techniques are: a) If
a randomization device is used, the practical applicability
is limited; b) the RR procedure may nevertheless end up
with the sensitive question, the sensitivity of which was
precisely the starting point of the considerations.

To overcome these weaknesses, Yu et al. (2008) intro-
duced the NRR models (see also Tan et al., 2009, or Tian
& Tang, 2014). These questioning designs can be seen as
device-free transformations of RR models, in which the in-
terviewees never have to supply the answer to the sensitive
question directly. Instead, the process answer “yes” or “no”
that has to be provided by a respondent is a function of
the number of the applicable of two different statements.
The positive effect of these design features on the com-
prehensibility of the questioning design and the perceived
privacy protection in comparison to RR questioning de-
signs was shown in several experimental studies (cf., for
instance, Höglinger et al., 2016; Hoffmann et al., 2017).
Furthermore, in so-called “strong validation studies” with
known prevalence of various control attributes, NRR meth-
ods have been shown to work in the intended direction (cf.,
for instance, Hoffmann et al., 2015; Hoffmann & Musch,
2016). Nevertheless, it shall not be concealed that there are
also critical voices who have not found such positive ef-
fects of these designs in their respective experimental set-
ups (see the related discussion in Sect. 5 below).

In the next section of this methodological article, the al-
ready published NRR survey designs are discussed along
with their practical implementations in the questionnaires
that can be applied even in self-administered surveys. In
Sect. 3, NRR versions of two well-established practically
used RR techniques, the forced RR model and the contam-
ination method, are presented. In the fourth section, for all
NRR designs, the theory for the estimation of a population
proportion is developed for general probability sampling
under a unified theoretical roof. In addition, in that section,
these NRR questioning designs are compared in terms of
their inherent privacy protection. Sect. 5 also acknowledges
the non-statistical aspects that influence the data quality
in surveys on sensitive topics when NRR models are ap-
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plied. Eventually, a “Summary and Conclusions”-section
concludes the article.

2 The Already Published NRR Questioning Designs

2.1 The Crosswise Model

The “crosswise (=C) model” introduced by Yu et al. (2008)
is a transformation of Warner’s RR technique with implicit
randomization instruction (see Sect. 1) into an NRR ques-
tioning design. The randomization instruction refers to a re-
spondent k’s membership of group R � U, unrelated to the
membership of group A, with membership indicator

rk =

(
1 if k 2 R;

0 otherwise

and given probability P(rk = 1) = pC (0 <pC < 1).
The NRR version of this RR technique can be imple-

mented into a questionnaire in the following manner (here
and in the following, the abstract formulations on member-
ship of certain groups will be used):

Look at the following two statements:
S1: I am a member of group A (yk = 1).
S2: I am a member of group R (rk = 1).
If none or both of these two statements apply to you,

please answer “yes” (´.C/

k = 1), otherwise answer “no”

(´.C/

k = 0).

In contrast to the original RR technique, in the C model,
the interviewee is not faced with a single randomly selected
statement but shall answer “yes” or “no,” respectively, de-
pending on the number of the applicable of two statements.
This questioning design was called “crosswise model” be-
cause when the four possible combinations of y and r are
presented in a 2-dimensional table (see Table 1), those com-

Table 1

The crosswise model by Yu et al. (2008) with the corre-
sponding marginal probabilities of variables y and r

y\r
rk = 0
(1 – pC)

rk = 1
(pC )

yk = 0
(1 – π)

´
.C/

k = 1 ´
.C/

k = 0

yk = 1
(π)

´
.C/

k = 0 ´
.C/

k = 1

binations of y and r, resulting in the same of the two possible
process answers

´
.C/

k =

(
1 if k anwers “yes”,

0 otherwise

of respondent k, can be connected by two imaginary lines
that “cross” each other. In the original publication, respon-
dents were asked to “truthfully put a tick in the main diag-
onal or in the antidiagonal” of such a table implemented in
the questionnaire (Yu et al., 2008, p. 255).

The crosswise model is a formal equivalent of Warner’s
RR technique with a design probability pC for the selection
of statement S1. For a given status of the variable y under
study, the probability of ´

.C/

k = 1 is given by

P.´
.C/

k = 1/ = pC �yk+.1−pC/�.1−yk/ = .2�pC−1/�yk+1−pC

and the term

y
.C/

k =
´

.C/

k − ˇC

˛C
(3)

with ˛C � 2 · pC – 1 (˛C ¤ 0) and ˇC � 1 – pC is an
C-unbiased estimator for the true status yk of respondent
k with respect to the sensitive variable y in the sense that
EC.y

.C/

k = 1/ = yk . For pC ! 1 (or pC ! 0, respectively),
the C model converges against the direct questioning on the
membership of group A (or AC).

The C model was applied, for example, in surveys on
different topics such as the use of anabolic steroids, xeno-
phobia, prejudices against women leaders, tax evasion, or
voting preference (cf., for instance, Nakhaee et al., 2013;
Kundt et al., 2017; Waubert de Puiseau et al., 2017; or the
various examples listed in Schnell & Thomas 2023).

2.2 The Triangular Model

The other NRR questioning design published in the initial
article by Yu et al. (2008) was called the “triangular (=T )
model.” It is an NRR version of an RR method, which was
introduced in different forms by Horvitz et al. (1976), Man-
gat (1994), and Clark & Desharnais (1998). In this method,
each respondent has either to answer truthfully the sen-
sitive question with the given design probability pT or is
instructed to answer “yes” regardless of its membership sta-
tus with respect to group A with the remaining probability
(0 < pT < 1). For its NRR version, the same table is used
as for the C-model. But in this case, also the combination
(yk = 1, rk = 0) results in the process answer “yes” (see
Table 2).
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Table 2

The triangular model by Yu et al. (2008) with the corre-
sponding marginal probabilities of variables y and r

y\r
rk = 0
(1 – pT )

rk = 1
(pT )

yk = 0
(1 – π)

´
.T /

k = 1 ´
.T /

k = 0

yk = 1
(π)

´
.T /

k = 1 ´
.T /

k = 1

For the practical implementation of the T model into
questionnaires, one may proceed as follows:

Look at the following two statements:
S1: I am a member of group A (yk = 1).
S2: I am a member of group RC (rk = 0).
If at least one of the two statements applies to you, please

answer “yes” (´.T /

k = 1), otherwise answer “no” (´.T /

k =
0).

The term “triangular model” refers to the fact that in a 2-
dimensional presentation of this NRR questioning design,
those combinations of y and r, resulting in the process an-
swer “yes” of a respondent k (´.T /

k = 1), are now on the
corner points of a triangle.

In the T model, the probability of ´
.T /

k = 1 is given by

P.´
.T /

k = 1/ = pT � yk + 1 − pT

Therefore, the term

y
.T /

k =
´

.T /

k − ˇT

˛T
(4)

with αT � pT (αT ¤ 0) and ˇT � 1 – pT is T -unbiased

for yk in the sense that ED.y
.D/

k = 1/ = yk . For pT !
1, the T model converges against the direct questioning on
the membership of group A.

The T model was applied, for example, by Moshagen
et al. (2012) in a survey on domestic violence, by Frenger
et al. (2016) in a study on substance use of amateur athletes,
and by Hoffmann et al. (2020) in an empirical comparison
study with the C model on xenophobia. Perri et al. (2022)
reported on studies on racism and workplace bullying using
the C as well as the T model.

2.3 The Steep Parallel Model

The (steep) “parallel (=S) model”, introduced by Tian
(2014), is an NRR version of the unrelated question RR

design (Horvitz et al., 1967, and Greenberg et al., 1969).
With the aim to further increase the respondents’ perceived
privacy protection, this specific RR approach complements
the first statement of Warner’s RR method with a second
statement on the non-sensitive membership of a certain
population subset B � U unrelated to the sensitive subject.

In the NRR version of this RR method with known po-
pulation prevalence πB of the membership of group B (0 <
πB < 1), a respondent k is faced with two different pair-
wise combinations of items in the two statements. The first
statement refers to variables r from the randomization in-
struction of Sect. 2.1 (with P(rk = 1) = pS and 0 < pS <
1), and y from the C model. The second statement refers to
variables r and x, the latter indicating the membership of
the non-sensitive group B of the unrelated question model:

xk =

(
1 if k 2 B;

0 otherwise

The S model can be implemented into the questionnaire
in the following way:

Look at the following two statements:
S1: I am a member of group A and also of group R (yk =

1, rk = 1).
S2: I am a member of group B and also of group RC (xk =

1, rk = 0).
If one of these statements applies to you, please answer

“yes” (´.S/

k = 1), otherwise answer “no” (´.S/

k = 0).
Note: To avoid using a statement with two variables in-

cluded, here and in the following sections one can alter-
natively formulate statement S1 as below by defining two
items I and J beforehand (S2 likewise):

I: I am a member of group A (yk = 1).
J: I am a member of group R (rk = 1).
S1: Both items I and J apply to me (yk = 1, rk = 1).

Table 3

The steep parallel model by Tian (2014) with the corre-
sponding marginal probabilities of variables y, x, and r

x, y\r
rk = 0
(1 – pS)

rk = 1
(pS )

xk = 0
(1 – πB)

´
.S/

k = 0 –

xk = 1
(πB)

´
.S/

k = 1 –

yk = 0
(1 – π)

– ´
.S/

k = 0

yk = 1
(π)

– ´
.S/

k = 1
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The name “parallel model” of this specific NRR ques-
tioning design is again deduced from its representation in
a 2-dimensional table, in which the pairwise combinations
resulting in the same of the two possible process answers
´

.S/

k of a respondent k can be connected by two parallel
lines (see Table 3). We rename this model the “steep paral-
lel model” to distinguish it from the “flat parallel model”
which will be presented in Sect. 3.2.

For the S model, the probability of a “yes”-response

(´.S/

k = 1) is given by

P.´
.S/

k = 1/ = pS � yk + .1 − pS/ � �B

Consequently, the term

y
.S/

k =
´

.S/

k − ˇS

˛S
(5)

with ˛S � pS (˛S ¤ 0) and ˇS � (1 – pS) · πB is S-un-

biased for yk with ES.y
.S/

k = 1/ = yk . For πB ! 1, the S
model converges against the T model with pT = pS . For
pS ! 1, the model converges against the direct questioning
on the membership of group A.

The original unrelated RR technique was applied, for
example, in studies on induced abortion (Abernathy et al.,
1970) or in case studies on premarital sex and plagiarism
among students (Tian, 2014).

In the next section, two new NRR models will be pro-
posed, which are transformations of well-established and
practically applied RR questioning designs, namely of the
“forced RR method” and the “contamination method,” in or-
der to make also these RR methods applicable to all types
of survey modes without the need of a randomization de-
vice. Practitioners who have made good experiences with
one of these two RR techniques may wish to use their NRR-
version, which is simpler to implement and easier for the
respondents to understand.

Table 4

The double triangular model with the corresponding marginal probabilities of variables y and q

y\q
qk = 1
(p1 )

qk = 2
(p2 )

qk = 3
(1 – p1 – p2 )

Yk = 0
(1 – π)

´
.D/

k = 1 ´
.D/

k = 0 ´
.D/

k = 0

Yk = 1
(π)

´
.D/

k = 1 ´
.D/

k = 1 ´
.D/

k = 0

3 The Proposed New NRR Questioning Designs

3.1 The Double Triangular Model

The forced RR method is very popular among applied re-
searchers. This is documented by a large variety of ap-
plication examples with studies on xenophobia and anti-
Semitism, poaching among farmers, doping of fitness stu-
dio users, or criminal acts among prison populations (cf.,
for instance, Krumpal, 2012; St John et al., 2012; Cobo
et al., 2021). For this method, the needed implicit random-
ization instruction divides the population into three disjoint
groups Q1, Q2, and Q3 according to the three categories of
a variable q, which is unrelated to y: group Q1 with a po-
pulation prevalence of pD1

, group Q2 with one of pD2
, and

group Q3 with one of 1 – pD1
– pD2

(0 < pDi
< 1; i =

1, 2, 3; pD1
+ pD2

< 1). These different groups could, for
instance, be built by three disjoint intervals of possible birth
dates. The membership of respondent k with respect to one
of these groups is indicated by

qk =

8̂<
:̂

1 if k 2 Q1;

2 if k 2 Q2;

3 if k 2 Q3:

The RR method, which will subsequently be trans-
formed into the “double triangular (=D) NRR model,” can
be described in the following way (Boruch, 1971; Fidler &
Kleinknecht, 1977; Fox & Tracy, 1986): Each respondent
has either to answer the sensitive statement with probability
p2 , is instructed to say “yes” with probability p1 or “no”
with the remaining probability 1 – p1 – p2 , both regardless
of the membership of A or AC.

In the questionnaire, the D model may be implemented
in the following way:

Look at the following two statements:
S1: I am a member of group A and also of group Q2 (yk =

1, qk = 2).
S2: I am a member of group Q1 (qk = 1).
If one of these statements applies to you, please answer

“yes” (´.D/

k = 1), otherwise answer “no” (´.D/

k = 0).
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Table 5

The flat parallel model with the corresponding marginal probabilities of variables y, r, and v

y\r
rk = 0
(1 – pF1 )

rk = 1
(pF1 )

vk = 0
(1 – pF2 )

vk = 1
(pF2 )

yk = 0
(1 – π)

– – ´
.F/

k = 0 ´
.F/

k = 1

yk = 1
(π)

´
.F/

k = 0 ´
.F/

k = 1 – –

In consistency with the representations of the NRR mod-
els in Table 1, 2 and 3 from Sect. 2, this NRR design is
named the “double triangular model” because those com-
binations of variables y and q that result in the same of the
two possible process answers z can be connected by two
triangles (Table 4).

For this questioning design, the probability of a “yes”-

answer (´.D/

k = 1) is given by

P.´
.D/

k = 1/ = pD2
� yk + pD1

:

Therefore, in this case, the term

y
.D/

k =
´

.D/

k − ˇD

˛D
(6)

with ˛D � pD2
(˛D ¤ 0) and ˇD � pD1

is D-unbiased for

yk in the sense that ED.y
.D/

k = 1/ = yk . For pD1
+pD2

! 1,
the D model converges against the T model with pT =
p2 . For p2 ! 1, the model converges against the direct
questioning on the membership of group A.

3.2 The Flat Parallel Model

The “contamination RR method” was introduced by Boruch
(1972) and will now be transformed into the “flat parallel
(= F) NRR model.” Kuk (1990) and Christofides (2009)
presented this RR technique in the following way: The
memberships of two certain population subgroups R � U
and V � U, defined beforehand, are unrelated to the mem-
bership of A. For respondent k, as in the C model, the
membership indicator with respect to R (from Sect. 2.1) is
given by rk with P(rk = 1) = pF1

(0 < pF1
< 1) and the

membership indicator with respect to V is given by

vk =

(
1 if k 2 V;

0 otherwise

with P(vk = 1) = pF2
(0 < pF2

< 1) and pF2
¤ pF1

. If
the respondent k is a member of group A, she or he has

to answer “yes” only if k 2 R, otherwise “no”, regardless
of the membership/non-membership of group V. If the re-
spondent is a member of group AC, the process response is
“yes” only if k 2 V, and otherwise “no”, regardless of the
membership/non-membership of group R.

When it comes to the sensitive topic in the question-
naire, the NRR version of the contamination method can
be implemented in the following way:

Look at the following two statements:
S1: I am a member of group A and also of group R (yk =

1, rk = 1).
S2: I am a member of group AC and also of group V (yk =

0, vk = 1).
If one of these statements applies to you, please answer

“yes” (´.F/

k = 1), otherwise answer “no” (´.F/

k = 0).
When compared to the steep parallel model by Tian

(2014) from Sect. 2.3, the representation of this NRR de-
sign in a 2-dimensional table can be called the “flat parallel
model” (Table 5) because in such a table, those two com-
binations that lead to the same process answer ´

.F/

k = 1

or ´
.F/

k = 0, respectively can be connected by one of two
possible flat parallel lines.

The probability of a process-answer “yes” (´.F/

k = 1) is
given by

P.´
.F/

k = 1/ = pF1
�yk +pF2

.1−yk/ = .pF1
−pF2

/ �yk +pF2

Therefore, the term

y
.F/

k =
´

.F/

k − ˇF

˛F
(7)

with ˛F � pF1
− pF2

(˛F ¤ 0) and ˇF � pF2
is F-unbi-

ased for yk with EF .y
.F/

k = 1/ = yk .
For pF1

! 1 and 0 < pF2
< 1, the F model converges

against the T model with pT = 1 − pF2
. Moreover, for

pF2
! 1−pF1

, the F model converges against the C model
with pC = pF1

. Eventually, for pF1
! 1 and pF2

! 0, the
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F model converges against the direct questioning on the
membership of group A.

4 Comparison of the Different NRR Questioning
Designs

4.1 The Statistical Properties of the Estimators

In the direct questioning approach, under the assumption of
full cooperation of the selected sample units, the theoretical
variance of the design-unbiased estimator

�HT =
1

N
�
X

s

yk � dk

from Eq. 2 is given by

V .�HT/ =
1

N 2
�
XX

U

�kl � yk � dk � yl � dl (8)

with �kl = ωkl – ωk · ωl, the covariance of the sample in-
clusion indicators Ik and Il, where Ik = 1 if a population
element k is included in the sample and zero otherwise (k, l
2 U). In �kl, ωkl denotes the second-order sample inclusion
probability that elements k and l of U are both in s. For the
variance �kk of these indicators, �kk = ωk · (1 – ωk) applies
(cf., for instance, Särndal et al., 1992, p. 36). Provided that
ωkl >0 for k, l 2 U, a design-unbiased estimator of V(πHT)
is calculated by

OV .�HT/ =
1

N 2
�
XX

s

�kl

!kl
� yk � dk � yl � dl (9)

(cf., for instance, Särndal et al., 1992, p. 43 ff).
In the following, under the assumption of full cooper-

ation the estimators for π are developed along with their
variances and variance estimators for all five NRR ques-
tioning designs N from Sects. 2 and 3 (N = C, T , S, D,
F) for general probability sampling under one theoretical
roof: In the unified N model, the probability of a process
answer “yes” (´.N /

k = 1) is given by

P.´
.N /

k = 1/ = ˛N � yk + ˇN (10)

(see Sects. 2 and 3). Therefore, the term

y
.N /

k =
´

.N /

k − ˇN

˛N
(11)

(αN ¤ 0) is N -unbiased for yk (EN .y
.N /

k = 1/ = yk) and
in the NRR model N ,

�N =
1

N
�
X

s

y
.N /

k � dk (12)

is N -unbiased for π from Eq. 1. For the specific values of
αN and βN in (10) and (11) for the five different NRR de-
signs, see the terms y

.N /

k from Eqs. 3–7 in Sects. 2 and 3.
Note that πN could be outside the interval [0;1]. For such
cases, the maximum-likelihood estimator using the EM al-
gorithm is a possible solution (Quatember, 2014; Tian et al.,
2017). If non-ignorable nonresponse still occurs, for the ap-
plication of weighting adjustment techniques see Barabesi
et al. (2014).

The theoretical variance of πN is given by

V .�N / =
1

N 2
�
XX

U

�kl � yk � dk � yl � dl +
1

N 2
�

X
U

.�N � yk + ıN / � dk

(13)

Therein, γN and δN are defined as the following func-

tions of αN and βN : �N � 1−2�ˇN −˛N
˛N

, ıN � ˇN �.1−ˇN /

˛2
N

.

For the specific values of γN and δN in the respective NRR
design, see Table 6. The first component of the sum on the
right-hand side of the variance (13) of πN refers to the
variance (8) of the estimator πHT in the direct questioning
approach under the assumption of full cooperation. Hence,
the second component can be seen as the additional cost
in terms of variance for the intended bias reduction when
compared to the direct questioning with its nonresponse and
untruthful answers.

The variance from Eq. 13 can be unbiasedly estimated
by

OV .�N / =
1

N 2
�
XX

s

�kl

!kl
� y

.N /

k � dk � y
.N /

l � dl +
1

N 2
�

X
s

�
�N � y

.N /

k + ıN

�
� dk

(14)

For the proofs of Eqs. 13 and 14, see Appendix 1.

Inserting, for example, the design weights dk = N/n for all
sample units k 2 s for simple random without replacement
(SI) sampling in formulas (12) to (14) results in the easy-
to-handle terms for the SI sampling scheme: The estimator
for π is given by

�N ;SI =
1

N
�
X

s

y
.N /

k � dk =
z.N /

s − ˇN

˛N
(15)
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with the simple sample mean

z.N /
s =

1

n
�
X

s

´
.N /

k

of all responses ´
.N /

k in the SI sample s. The theoretical
variance of �N ;SI yields

V .�N;SI/ =
  � .1 −  /

n
� N − n

N − 1
+

1

n
� .�N �   + ıN / ; (16)

which is unbiasedly estimated by

OV .�N ;SI / =
1

˛2
N

�
z.N /

s �
�
1 − z.N /

s

�
n − 1

�

N − n

N
+

1

N
�
 

�N � z.N /
s − ˇN

˛N
+ ıN

! (17)

For the proofs of Eqs. 16 and 17, see Appendix 2.

4.2 The Levels of Privacy Protection

NRR questioning designs aim to protect the respondents’
privacy strongly enough that they are willing to truthfully
participate in a survey, even if the topic is of a delicate kind.
For the comparison of the respective privacy protection lev-
els, a measure of the level of privacy protection with respect

Table 6

Terms for γN and δN , from Eq. 13 and PP
´

.N /
k =1

and PP
´

.N /
k =0

from Eqs. 18 and 19 for the NRR designs N = C, T , S,

D, and F
NRR
design N γN δN PP

´
.N /
k =1

PP
´

.N /
k =0

C 0
pC �.1−pC/
.2�pC−1/2

1−pC
pC

for pC > 0:5;
pC

1−pC
for pC < 0:5

1−pC
pC

for pC > 0:5;
pC

1−pC
for pC < 0:5

T pT −1

pT
1−pT
pT

1 – pT 0

S .1−pS /�.1−2��B /

pS
�B �Œ1−pS−�B �.1−2�pS+.pS /2/�

p2
S

.1−pS/��B

pS+.1−pS/��B

.1−pS /�.1−�B /

1−.1−pS/��B

D 1−2�pD1 −pD2

pD2

pD1 �.1−pD1 /
p2
D2

pD1

pD1 +pD2

1−pD1 −pD2

1−pD1

F 1−pF1 −pF2

pF1 −pF2

pF2 �.1−pF2 /
.pF1 −pF2 /2

pF2

pF1
for pF1 > pF2 ;

pF1

pF2
for pF1 < pF2

1−pF1

1−pF2
for pF1 > pF2 ;

1−pF2

1−pF1
for pF1 < pF2

to a process answer “yes” (´.N /

k = 1) of a respondent k can
be calculated by

PP
´

.N /
k =1

=

minŒP.´
.N /

k = 1
ˇ̌̌
y

.N /

k = 1// ;P.´
.N /

k = 1
ˇ̌̌
y

.N /

k = 0/ �

maxŒP.´
.N /

k = 1
ˇ̌̌
y

.N /

k = 1/ ;P.´
.N /

k = 1
ˇ̌̌
y

.N /

k = 0/ �
=

minŒ˛N + ˇN ;ˇN �

maxŒ˛N + ˇN ;ˇN �
(18)

The measure PP
´

.N /
k =1

is the ratio of the minimum and the

maximum of the probability of the process response “yes”
(´.N /

k = 1) from Eq. 10, given the respondent k is a member

of group A (y.N /

k = 1) or a non-member (y.N /

k = 0). For αN
>0, Eq. 18 results in ˇN

˛N +ˇN
, whereas for αN <0, which

is possible, though unusual, in both the C model and the
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F model, it results in ˛N +ˇN
ˇN

. Regarding a “no”-answer

(´.N /

k = 0), this measure is given by

PP
´

.N /
k =0

=

minŒP.´
.N /

k = 0
ˇ̌̌
y

.N /

k = 1/ ;P.´
.N /

k = 0
ˇ̌̌
y

.N /

k = 0/ �

maxŒP.´
.N /

k = 0
ˇ̌̌
y

.N /

k = 1/ ;P.´
.N /

k = 0
ˇ̌̌
y

.N /

k = 0/ �
=

minŒ1 − ˛N − ˇN ;1 − ˇN �

maxŒ1 − ˛N − ˇN ;1 − ˇN �
(19)

(Quatember, 2019). For αN >0, Eq. 19 results in
1−˛N −ˇN

1−ˇN
, whereas for αN <0, 1−ˇN

1−˛N −ˇN
applies.

These privacy protection measures range from 0 to 1.
They equal to zero only if a “yes”- (or a “no”-) process
answer would directly reveal the membership of group A or
AC like in the direct questioning approach. The more these
measures differ from zero, the more is the respondent’s
privacy protected against the experimenter. The maximum
value of one would mean a totally protected privacy so
that the given response ´

.N /

k does not contain information
about the true value yk of the unit anymore. The two levels
of privacy protection offered by the NRR model N are
completely under the control of the experimenter (because
they depend solely on the chosen design probabilities) and
can be found in the last two columns of Table 6.

For the crosswise model C, for instance, the values of
these measures depend solely on the design probability pC .
Looking at Table 6, it can be seen that the C model is the
only questioning design among the five presented models,
for which the two possible process answers ´

.C/

k = 1 and

´
.C/

k = 0 are always equally protected (PP
´

.C/
k =1

= PP
´

.C/
k =0

).

Such a balanced survey design does not offer any self-
protective answer option because none of the two possible
answers is likely to arouse the respondent’s fear that the
response might be directly associated with the true status of
variable y under study by the experimenter. Consequently,
not answering at all could be seen as an admission of the
sensitive behavior rather than a truthful answer in the C
model (Kundt et al., 2017, p. 116).

In contrast to the C model, the triangular model T is
maximally unbalanced with respect to privacy protection
because the process response “no” fully reveals the respon-
dent’s non-membership of group A (0 < PP

´
.T /
k =1

< 1,

PP
´

.T /
k =0

= 0). This maximum asymmetry of the process

answers could be perceived as unproblematic if only the
membership of group A but not of AC was sensitive. How-
ever, it provides respondents with a perfectly safe response
strategy to avoid the risk of being suspected as a member of
group A. That strategy is to simply ignore the instructions
and give the process answer “no.”

For the S and the D model, the two levels of privacy
protection with respect to “yes”- and “no”-answers can be
different but both are larger than zero (0 < PP

´
.S/
k =i

< 1,

0 < PP
´

.D/
k =i

< 1; i = 1,0). This offers experienced re-

searchers the possibility to assign different levels of privacy
protection to the possible process responses by an adequate
choice of the design parameters (Quatember, 2009). As-
suming there is no change in respondent cooperation, such
a reduction of at least one of the privacy protection lev-
els decreases the variance of the estimator compared to the
C model. From Eqs. 18 and 19, the parameters αN and
βN can be expressed as functions of PP

´
.N /
k =1

and PP
´

.N /
k =0

(see Appendix 3). Inserting these expressions into the pa-
rameters γN and δN of the second component of variance
expression (13) shows for all probability sampling schemes
that the additional variance caused by the NRR questioning
design depends solely on the privacy protection offered by
the respective N model. Questioning designs with design
probabilities that yield the same privacy protection levels
are always equally accurate in terms of variance, whereas
designs with smaller levels are more accurate than designs
with larger ones (cf., for instance, Guerriero & Sandri, 2007,
Quatember, 2012, or Giordano & Perri, 2012). However, in
the S as well as the D model, respondents might perceive
a “no”-process answer as “safer” strategy if they fear that
a “yes” could be interpreted as agreement to statement S1

(see Sects. 2.3 and 3.1). A non-compliance with the design
instructions could be the consequence (for experiments on
this aspect, see Edgell et al., 1982, or Coutts & Jann, 2011).

In fact, only the F model is able to combine the advan-
tages of the C model as well as the S and the D model.
On the one hand, like the C model, the F model offers
absolutely no self-protective strategy because the member-
ship of group A or group AC, respectively, is included in
both statements of the method (see Sect. 3.2). On the other
hand, like in the S and also in the D model, the privacy
with respect to the two possible process responses ´

.F/

k = 1

and ´
.F/

k = 0, respectively, can be protected differently if
so desired to gain a positive effect on the estimation ac-
curacy (PP

´
.F /
k =1

¤ PP
´

.F /
k =0

, 0 < PP
´

.F /
k =i

< 1, i = 1,0).

Eventually if both responses are to be protected equally, for
pF2

! 1−pF1
, the F model converges against the balanced

C model with pC = pF1
. This flexibility of the F model can

thus pay off in terms of both, cooperation willingness and
accuracy.

In the following, the variances of these different NRR
designs are numerically compared to provide an impres-
sion of the effect of the proposed strategies on the accuracy
of the estimation. For this purpose, we assume SI sampling
with n = 500, π = 0.3, and PP

´
.N /
k =1

= 0:25. This spe-

cific level of privacy protection for a “yes”-response corre-
sponds to the results derived from experiments on the co-
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( )
kz 0

PP

Fig. 1

The variances V .�;SI/ for PP
´

.N /
k =1

= 0:25 and 0 �
PP

´
.N /
k =0

� 0:25

operation-optimal choice of this measure for different sen-
sitive variables by Fidler & Kleinknecht (1977) and Soeken
& Macready (1982). Without loss of generality let us as-
sume subsequently that PP

´
.N /
k =1

� PP
´

.N /
k =0

applies. In

Fig. 1, with these parameter values, the solid curve rep-
resents V.�;SI/ from Eq. 16 as a function of PP

´
.N /
k =0

on

the x-axis, the level of privacy protection regarding a “no”-
response. The dotted line shows the amount of the first com-
ponent of Eq. 16. One can see that the C model, for which
only PP

´
.C/
k =0

= PP
´

.C/
k =1

= 0:25 can apply, has the high-

est variance of 0.001309, whereas the T model, for which
only PP

´
.T /
k =0

= 0 can apply, has the lowest of 0.000887.

The variances of the S, the D, and the F models, for which
0 < PP

´
.N /
k =0

< 0:25 can apply, lie between these two

extremes. If, for example, an experienced researcher deter-
mines that for a specific sensitive question a “no”-process
answer has to be protected, but not to the same extent as
a “yes”-answer, PP

´
.C/
k =0

= 0:1 might be an appropriate

choice (red line in Fig. 1). In this case, the application of
the C model with PP

´
.C/
k =0

= PP
´

.C/
k =1

= 0:25 would over-

protect the “no”-response. This would come at the cost of
a loss of accuracy. However, the T model with PP

´
.T /
k =0

= 0

would not be applicable at all. The variances of the other
three NRR models, for which PP

´
.C/
k =0

could actually be set

equal to 0.1, result in 0.001027. Compared to the C model,

this is a reduction of the second variance component of
Eq. 16 by 32%.

5 Other Aspects Influencing the Data Quality in the
Practical Application of NRR Models

As already mentioned in Sect. 1, besides the studies con-
firming the positive effect of the considered questioning de-
signs on data quality in surveys on sensitive topics, there are
also critical voices. For example, experiments by Höglinger
& Diekmann (2017), Walzenbach & Hinz (2019), or Wolter
& Diekmann (2021) showed that NRR questioning designs
may also generate so-called “false positives,” meaning that
respondents who actually do not belong to the sensitive
group A of the target population provide a process re-
sponse as if they did belong to this group. Therein, the
occurrence of such false responses was empirically demon-
strated to result mainly from problems concerning the use
of certain non-sensitive randomizing questions and/or non-
compliance with the design instructions (cf. also: Krause &
Wahl, 2022, p. 48).

The first of these two aspects refers to the use of a ran-
domizing question, for which the applied design probabil-
ities (for example, pC and 1 – pC in the C model) are not
the correct ones, or which raises mistrust with regard to
the promised privacy protection. The design probabilities
must of course be known for the actual population under
study to avoid a systematic bias of the estimator (see On-
line-Appendix C of Höglinger & Diekmann, 2017). Other-
wise they would also have to be estimated in the sample
survey (as suggested by Jerke et al., 2022, for example),
which would further increase the imprecision of the sample
results. Furthermore, pretests in expert discussions and cog-
nitive interviews for the study by Jerke et al. (2022) on aca-
demic misconduct indicated that the commonly used non-
sensitive questions such as on the respondent’s own birth-
day or house number or on the father’s or mother’s birthday
raised mistrust among the respondents with respect to the
promised privacy protection (p. 71). This could lead to de-
liberate non-compliance with the procedural instructions or
random answers (Walzenbach & Hinz, 2023). Such a re-
spondent’s behavior can also be caused by not understand-
ing the question format. Therefore, data quality could be in-
creased by providing understandable instructions combined
with comprehension checks (examples of such instructions
and comprehension questions can be found in Jann et al.,
2012, Kundt et al., 2017, or Hoffmann et al., 2017, p. 1477).
Meisters et al. (2020a) as well as Schnell & Thomas (2023)
reported that this strategy was successfully applied at least
to higher-educated populations.

Additionally, modified methodological approaches by
Heck et al. (2018) and Meisters et al. (2022) enable to
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detect a certain type of deliberate non-adherence, the sys-
tematic preference for the answer option that is subjectively
perceived as “safer” by the respondents. Careless cooper-
ation on the part of respondents can also be the result of
a low motivation to participate, as is generally observed
in self-conducted (online) surveys, for example (cf., for
example, Meisters et al., 2020a, p. 13). Empirical social
researchers have been thinking about features, which pos-
itively affect the cooperation willingness of respondents
in surveys. Dillman (2000) and Groves et al. (2004), for
example, list several strategies to overcome a respondent’s
“negative communicative intent” (Groves et al., 2004,
p. 189 ff), all of which are certainly also applicable to
indirect questioning designs. In addition, Schnapp (2019)
suggested a method to adjust the C model for the prevalence
of random responding on the basis of follow-up questions.

The results of all these studies emphasize that a valid
assessment of a questioning design must, as always, take
into account various aspects, including its theoretical sta-
tistical properties, but also its impact on perceived privacy
protection, its complexity in terms of respondents’ under-
standing, its practical applicability in statistical surveys, the
survey mode, and all the other features that influence data
quality. The identifiability of some of these aspects “in prin-
ciple gives hope, because if these issues and the emergence
of false positives are remedied, CM [the C model] may
be able to work as intended” (Wolter & Diekmann, 2021,
p. 855). To assess the impact of untrue answers, Perri et al.
(2022), for example, proposed a method for estimating the
prevalence of liars. They included a direct question on the
sensitive topic in an IQ design which allowed the exper-
imenter to check whether the design was worth applying.
Furthermore, Meisters et al. (2020b) suggested to induce
a sensitive attribute with known prevalence to be able to
conclude of the results whether or not false responses may
have biased the results of the applied NRR approach.

6 Summary and Conclusions

In statistical surveys, sensitive topics lead to increased
nonresponse and untruthful answering rates. Indirect ques-
tioning designs such as the randomized response methods,
the item count technique, and the nonrandomized response
models aim to reduce these rates by an inherent privacy
protection that shall affect the respondents’ willingness
to cooperate. However, in order to be seen as a serious
competitor to the traditional direct questioning approach,
such designs have to be simple to implement for the ex-
perimenters, easy to understand for the respondents and
applicable to all probability sampling schemes. The ran-
domized response techniques have several limitations in
this respect. To overcome these limitations, nonrandomized

response versions of these techniques have been developed,
which are easier to understand for the respondents than
their original randomized response versions.

In this methodological article, for the already existing
NRR techniques, the crosswise model, the triangular model
and the (steep) parallel model, easily applicable implemen-
tations in the questionnaires were presented. Two new NRR
models, the double triangular model and the flat parallel
model, were proposed, which are NRR versions of two
well-established RR models, the forced RR method and the
contamination technique. For all five NRR models, the the-
ory for their application with general probability sampling
is developed under one theoretical roof. Moreover, the re-
spective privacy protection of these questioning designs is
compared. Recommendations for the application of the dif-
ferent methods are derived from these considerations. The
most flexible NRR technique, the flat parallel model, com-
bines the advantage of the crosswise model, which does
not offer self-protective answer options that can negatively
affect the survey results, with the advantages of the steep
parallel and the double triangular models. The latter models
offer the possibility of assigning different levels of privacy
protection to the “yes”- and “no”-responses with a positive
effect on the estimation accuracy under the assumption of
constant willingness to cooperate. As a consequence, this
flexibility of the flat parallel model can pay off in terms of
cooperation willingness as well as accuracy.

The proposed techniques should now be empirically
compared with other IQ techniques as well as the direct
questioning approach to determine how well they are able
to mitigate both non-response and response bias and how
susceptible they are to the problem of false positives.
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