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Abstract Estimates of the prevalence of sensitive attributes
obtained through direct questions are prone to being distorted
by untruthful responding. Indirect questioning procedures
such as the Randomized Response Technique (RRT) aim to
control for the influence of social desirability bias. However,
even on RRT surveys, some participants may disobey the in-
structions in an attempt to conceal their true status. In the
present study, we experimentally compared the validity of
two competing indirect questioning techniques that presum-
ably offer a solution to the problem of nonadherent respon-
dents: the Stochastic Lie Detector and the Crosswise Model.
For two sensitive attributes, both techniques met the Bmore is
better^ criterion. Their application resulted in higher, and thus
presumably more valid, prevalence estimates than a direct
question. Only the Crosswise Model, however, adequately
estimated the known prevalence of a nonsensitive control
attribute.

Keywords Randomized response technique . Stochastic lie
detector . Crosswisemodel . Social desirability bias

When assessing the prevalence of sensitive personal attri-
butes, the validity of prevalence estimates obtained via direct
questioning (DQ) procedures is threatened by response bias.
Respondents frequently choose to align their answers to sen-
sitive questions with social norms in order tomake or uphold a

socially desirable impression (Krumpal, 2013; Marquis, Mar-
quis, & Polich, 1986; Paulhus, 1991; Paulhus & Reid, 1991;
Phillips & Clancy, 1972; Rasinski, Willis, Baldwin, Yeh, &
Lee, 1999; Stocké, 2007; Sudman & Bradburn, 1974;
Tourangeau & Yan, 2007). Consequently, prevalence esti-
mates of sensitive attributes may be distorted by the under-
reporting of socially undesirable and the over-reporting of
socially desirable attitudes and behaviors.

Warner (1965) proposed the Randomized Response Tech-
nique (RRT) to increase respondents’willingness to cooperate
on sensitive surveys. This technique improves the confidenti-
ality of individual answers by employing a randomization
procedure that removes the direct association between a re-
spondent’s answer and his or her standing on the sensitive
attribute. However, even on RRT surveys, respondents may
fail to adhere to the instructions in order to conceal their true
status. After providing a brief introduction to the Randomized
Response Technique, we will therefore describe and evaluate
two recently proposed advanced models that were designed to
address the problem of nonadherence to the instructions: The
Stochastic Lie Detector (SLD; Moshagen et al., 2012) and the
competing Crosswise Model (CWM; Yu et al., 2008). The
SLD implements an additional parameter to estimate the pro-
portion of sensitive attribute-carriers who cheat on the survey.
Arguably, this should result in a more accurate prevalence
estimate than traditional RRT procedures. The competing
CWM does not model cheating but is instead characterized
by rather simple instructions that make it particularly easy to
understand how the confidentiality of answers is protected.
Like the original Warner (1965) model, the CWM is symmet-
rical in the sense that it does not provide a Bsafe^ answer
option that offers the opportunity to explicitly deny being a
carrier of the sensitive attribute. There are, however, no studies
that have compared the validity of the two approaches. There-
fore, we conducted a large-scale experimental survey that
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aimed to evaluate and compare the two models with
regard to their convergent validity and their ability to
estimate the known prevalence of a control attribute. We
also tested the two models against a direct questioning
control condition.

The Randomized Response Technique (RRT)

The general idea behind the RRT is to ensure the confidenti-
ality of individual answers to sensitive questions by adding
random noise to the responses. In the original Related Ques-
tions Model (RQM; Warner, 1965), respondents are simulta-
neously presented with two questions – A (BAre you a carrier
of the sensitive attribute?^) and B (BAre you not a carrier of the
sensitive attribute?^). Depending on the outcome of a random-
ization procedure, the respondents are asked to answer either
of these questions. If, for example, a die is used, subjects are
instructed to respond to Question A if the die shows one of the
numbers 1–4 (randomization probability p = 4/6 = .67) and to
respond to Question B if the die shows either of the numbers 5
or 6 (1 − p = 2/6 = .33). Because the outcome of the random-
ization procedure remains unknown to the questioner, the true
status of an individual respondent with respect to the sensitive
attribute cannot be derived from his or her answer: A BYes^
response could possibly have been given by a carrier of the
sensitive attribute who was instructed to respond to Statement
A or from a noncarrier who was instructed to respond to State-
ment B. In view of the confidentiality thus afforded, respon-
dents are expected to answer more truthfully than when
questioned directly. In spite of the confidentiality guaranteed
to the individual respondent, an estimate of the prevalence π
of the sensitive attribute can be obtained at the sample level.
Warner (1965) showed the maximum likelihood estimate of π
in the RQM to be

π̂ ¼
p−1þ n0

n
2p−1

; p≠1
�
2 ð1Þ

where p is the known probability that the randomization de-
vice would select Statement A, n’ represents the total number
of BYes^ responses, and n reflects the sample size. Compared
with a conventional direct questioning procedure, the RRT has
lower statistical efficiency because the randomization proce-
dure adds unsystematic variance to the answers. The reduced
efficiency, however, is supposed to be overcompensated for
by an increase in the validity of the prevalence estimates
resulting from the presumably higher proportion of honest
respondents.

Within the last almost 50 years, a large number of RRT
models have been developed with various objectives such as
improving efficiency (e.g., Boruch, 1971; Dawes & Moore,

1980; Eriksson, 1973; Mangat, 1994; Mangat & Singh, 1990;
Moors, 1971), including questions with multicategorical or
quantitative answers (e.g., Abul-Ela, Greenberg, & Horvitz,
1967; Himmelfarb & Edgell, 1980; Liu & Chow, 1976;
Pollock&Bek, 1976), increasing respondents’ cooperation (e.g.,
Greenberg, Abul-Ela, Simmons, & Horvitz, 1969; Daniel G.
Horvitz, Shah, & Simmons, 1967; Kuk, 1990; Ostapczuk,
Moshagen, Zhao, & Musch, 2009), and accounting for
cheating or noncompliance with the instructions (e.g., Clark
& Desharnais, 1998; Moshagen et al., 2012). The RRT has
been applied in surveys covering a variety of sensitive topics
such as drug use (Dietz et al., 2013; Goodstadt & Gruson,
1975), doping (James, Nepusz, Naughton, & Petroczi, 2013;
Simon, Striegel, Aust, Dietz, & Ulrich, 2006; Striegel, Ulrich,
& Simon, 2010), crime (IIT Research Institute and the Chica-
go Crime Commission, 1971; Wolter & Preisendörfer, 2013),
unwed motherhood (Abul-Ela et al., 1967), promiscuity (Liu,
Chow, & Mosley, 1975), abortion (Abernathy, Greenberg, &
Horvitz, 1970; Greenberg, Kuebler, Abernathy, & Horvitz,
1971), rape (Fidler & Kleinknecht, 1977; Soeken &
Damrosch, 1986), homosexuality (Clark & Desharnais, 1998),
tax evasion (Edgell, Himmelfarb, & Duchan, 1982), fraud
(van der Heijden, van Gils, Bouts, & Hox, 2000), academic
cheating (J.-P. Fox&Meijer, 2008; Hejri, Zendehdel, Asghari,
Fotouhi, & Rashidian, 2013; Ostapczuk, Moshagen, et al.,
2009), xenophobia (Ostapczuk, Musch, & Moshagen, 2009),
negative attitudes toward people with disabilities (Ostapczuk
& Musch, 2011), dental hygiene (Moshagen, Musch,
Ostapczuk, & Zhao, 2010), and domestic violence (Moshagen
et al., 2012). Overviews of RRT models and their applications
have been given by Greenberg, Horvitz, and Abernathy
(1974), D. G. Horvitz, Greenberg, and Abernathy (1976), J.
A. Fox and Tracy (1986), A. Chaudhuri and Mukerjee (1988),
Umesh and Peterson (1991), Scheers (1992), Antonak and
Livneh (1995), Tracy and Mangat (1996), Franklin (1998),
A. Chaudhuri (2011), and Arijit Chaudhuri and Christofides
(2013).

In two meta-analyses, Lensvelt-Mulders, Hox, van der
Heijden, and Maas (2005) reported an overall positive effect
of the RRTon the validity of self-reports. The 32 comparative
studies they found generally arrived at higher prevalence es-
timates of sensitive attributes in the RRT condition than in the
direct questioning (DQ) control condition. Applying a Bmore
is better^ criterion, these higher estimates were usually con-
sidered to be more valid. However, this validation approach
can be criticized as providing only relatively weak evidence
because it is possible that both direct and indirect questioning
techniques will provide inaccurate prevalence estimates (e.g.,
Umesh & Peterson, 1991). It is therefore important that in an
additional meta-analysis of six methodologically stronger val-
idation studies in which the respondents’ true status with re-
spect to the sensitive attribute was known to the questioner,
Lensvelt-Mulders et al. (2005) also found RRTestimates to be
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more valid than estimates obtained via direct questioning be-
cause the RRT estimates deviated less from the known values
in the population. Interestingly, conducting surveys online
does not render the application of indirect questioning tech-
niques unnecessary. It has repeatedly been observed that even
in anonymous web surveys, prevalence estimates are higher
when the RRT rather than a direct question is employed
(Moshagen & Musch, 2012; Ostapczuk & Musch, 2011).

Despite the apparent advantages of RRT questioning, how-
ever, not all studies have supported its alleged superiority over
conventional questioning methods. In some studies, estimates
obtained via the RRT did not differ from those obtained via
direct questioning (e.g., Akers, Massey, Clarke, & Lauer,
1983; Locander, Sudman, & Bradburn, 1976; Wolter &
Preisendörfer, 2013). In other studies, they were even lower
(e.g., Holbrook & Krosnick, 2010; Kulka, Weeks, & Folsom,
1981). Furthermore, Edgell et al. (1982) showed that a substan-
tial proportion of participants failed to follow the RRT instruc-
tions, especially on surveys addressing highly sensitive issues.
In view of these diverging patterns of results, Holbrook and
Krosnick (2010) called the validity of RRT surveys into
question.

Respondent jeopardy and risk of suspicion provide poten-
tial explanations for the divergent findings because either of
these response hazards may lead to a violation of the assump-
tions underlying RRTmodels (Antonak & Livneh, 1995). The
influence of these response hazards can primarily be observed
in – and best be described with – forced-choice RRT designs
(Boruch, 1971; Dawes &Moore, 1980). In this design variant,
all participants are confronted with a single sensitive question,
and a randomly chosen subsample is instructed to respond
BYes^ regardless of their true status. Hence, a BYes^ response
can stem from either a carrier or a noncarrier of the sensitive
attribute who is either responding truthfully (carrier) or has
simply been told to answer in the affirmative (carriers and
noncarriers). It is important to note, however, that participants
can still explicitly decline being carriers of the sensitive attri-
bute by ignoring the instructions and simply responding BNo.^
In this situation, respondent jeopardy refers to the problem
that guilty respondents make themselves more vulnerable by
answering a sensitive question in the affirmative because they
can be identified as carriers with a higher probability after a
BYes^ than after a BNo^ response. If carriers perceive
the risk of being identified as carriers as too high, they
may choose to disobey the instructions by dishonestly
responding BNo.^ Innocent respondents, on the other
hand, suffer from a risk of suspicion because noncarriers
have a higher risk of being falsely identified as carriers
if they are forced to respond BYes^ by the randomiza-
tion device. For this reason, they may also be inclined
to disregard the instructions and to respond BNo^ in
spite of being told otherwise (Antonak & Livneh,
1995). Lying carriers and suspicion-avoiding noncarriers

were explicitly accounted for by the introduction of the
cheating detection model.

Detection of cheating on RRT surveys

Clark and Desharnais (1998) argued that even on RRT sur-
veys, participants may refuse to adhere to the instructions if
there is an answer option that allows them to avoid being
identified as a carrier. They therefore proposed the Cheating
Detection Model (CDM) as an improvement over the forced-
response procedure. In addition to considering carriers of the
sensitive attribute who answer honestly (π) and noncarriers
who answer honestly (β), it considers a third class of respon-
dents, namely cheaters (γ) who respond BNo^ regardless of
the outcome of the randomization procedure. Various studies
have shown that the CDM provides higher and thus potential-
ly more valid prevalence estimates of sensitive attributes than
a direct question (e.g., Moshagen et al., 2010; Ostapczuk,
Moshagen, et al., 2009; Ostapczuk & Musch, 2011;
Ostapczuk, Musch, et al., 2009; Ostapczuk, Musch, &
Moshagen, 2011; Pitsch, Emrich, & Klein, 2007). However,
the CDM does not make any assumptions about the real status
of cheaters; they may be either lying carriers or noncarriers
who wish to avoid suspicion. Consequently, a precise estimate
of the total prevalence of a sensitive attribute can be obtained
only if the proportion of cheaters is zero. Whenever cheating
occurs (γ > 0), the prevalence of carriers of the sensitive
attribute can be located anywhere within the range of π (if
no cheater is a carrier) and π + γ (if all cheaters carried the
sensitive attribute; Clark & Desharnais, 1998). Thus, whenev-
er γ > 0, the CDM provides only a lower (π) and an upper
bound (π + γ) for the proportion of carriers. Several studies
using the CDM have suggested that the proportion of cheaters
on surveys covering sensitive topics may often be substantial
and amount to up to 50 % of the sample (e.g., Ostapczuk,
Moshagen, et al., 2009; Ostapczuk & Musch, 2011;
Ostapczuk, Musch, et al., 2009; Ostapczuk et al., 2011). On
the one hand, this underlines the importance of a cheating
detection approach to RRT surveys; on the other hand, this
means that if the rate at which people cheat is substantial, the
CDM allows for only a very rough estimate of the proportion
of carriers in a given population. Moreover, when the CDM is
applied, nothing is or can be said about the true status of
respondents who have to be classified as cheaters according
to the model.

Moshagen et al. (2012) recently introduced a new
RRT model that is presumed to be capable of providing
an estimate of the prevalence of carriers (π) and of the
proportion of cheaters with a known status at sample
level: the SLD. Based on a modification of the original
RQM (Warner, 1965) by Mangat (1994), the randomiza-
tion process in the SLD is restricted to the group of
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noncarriers. All respondents are presented with two
statements – A (the sensitive statement) and B (the ne-
gation of statement A). In the instructions, however,
participants are requested to ignore the randomization
procedure and respond to Statement A if they are car-
riers of the sensitive attribute. Noncarriers are instructed
to respond to Statement A with randomization probabil-
ity pi and to statement B with complementary probabil-
ity 1 − pi. It is important to note that the selection of
the statement is carried out by the participants them-
selves depending on their status with respect to the sen-
sitive attribute, and the outcome of the randomization
procedure. Hence, individual answers to the sensitive
statement remain completely confidential. For example,
in a survey assessing the prevalence of cocaine use,
instructions could be:

BIn the following, you will be presented with two com-
plementary statements.
If you have ever used cocaine, please respond to State-
ment A.
If you have never used cocaine, please respond to…

– Statement A if you were born in November or December,
– Statement B if you were born in any other month.^

Next, two statements A and B would have to be presented:

Statement A: BI have used cocaine.^
Statement B: BI have never used cocaine.^

Finally, the participants would be asked to indicate
whether they agreed to the statement they were required
to respond to.

Moshagen et al. (2012) argued that when confronted
with these instructions, carriers perceiving respondent
jeopardy may have an incentive to disobey the instruc-
tions by responding BNo^ to the sensitive statement.
Noncarriers, however, should have no reason to lie
about their status, as this would mean associating them-
selves with a socially undesirable attribute. To model
potential cheating among carriers, Moshagen et al.
(2012) introduced a parameter t representing the propor-
tion of carriers responding truthfully; the remaining car-
riers (1 − t) are assumed to be lying to conceal their
true status. Figure 1 illustrates the tree diagram of the
resulting SLD.

To allow for the estimation of the two parameters π
and t in the SLD, two independent randomly drawn sub-
samples have to be assessed with different randomization
probabilities p1 ≠ p2 (Clark & Desharnais, 1998), with a
larger difference of p1 and p2 resulting in a higher statis-
tical efficiency of the model (Moshagen et al., 2012).

Moshagen et al. (2012) showed the maximum likelihood
estimates of π and t to be

π̂ ¼
n

0
2

n2
−
n

0
1

n1

� �
þ p2−p1ð Þ

p2−p1ð Þ ð2Þ

And

t̂ ¼
n

0
2

n2
1−p1ð Þ

� �
−

n
0
1

n1
1−p2ð Þ

� �

n
0
2

n2
−
n

0
1

n1

� �
þ p2−p1ð Þ

ð3Þ

where n1 and n2 denote the sample sizes of the two samples
tested with different randomization probabilities p1 and p2,
and n1′ and n2′ represent the absolute frequencies of BYes^
responses in these groups. Equations deriving the variances
of π and t were also provided by Moshagen et al. (2012).

The SLD was first applied in two pilot studies by
Moshagen et al. (2012): In an experimental survey assessing
the prevalence of domestic violence, the SLD yielded a prev-
alence estimate that was about four times higher than with
direct questioning and more than two times higher than with
the Mangat (1994) model. In addition, the estimated propor-
tion of carriers responding truthfully (t) differed significantly
from 100 %, which indicated that a substantial number of
carriers had decided to Bplay it safe^ by choosing an answer
option that would not make them look suspiciously like car-
riers (Moshagen et al., 2012). In a second experiment, esti-
mates of the prevalence of nonvoting in the 2009 German
federal elections obtained via DQ, the SLD, and the Mangat
(1994) model were compared with the known true proportion
of nonvoters in the general population obtained by official
statistics. Again, the SLD provided an estimate of the propor-
tion of nonvoters that was higher than the ones provided by
direct questioning and by applying the Mangat (1994) model.
Moreover, only the SLD estimate concurred almost exactly
with the known true proportion of nonvoters (Moshagen
et al., 2012).

The most compelling evidence supporting the validity of
the SLD was provided in a recent validation study by
Moshagen, Hilbig, Erdfelder, and Moritz (2014). In an adap-
tation of the Bdie-under-the-cup^ paradigm (cf. Hilbig &
Hessler, 2013), participants were instructed to secretly roll a
die and to report the outcome to the experimenter. Some of the
outcomes were associated with a monetary reward. As the
outcome of the individual die rolls was unknown to the ques-
tioner, the participants’ actual behavior remained confidential.
Thus, participants were given an opportunity to misrepresent
the outcome of their die rolls in order to maximize their finan-
cial benefit. As the distribution of die roll outcomes was
known to the experimenters, Moshagen et al. (2014) could
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determine that of the alleged Bwinners,^ about 53% seemed to
have cheated on the task. This known prevalence could then
be used as an external criterion for the validation of the prev-
alence estimate obtained with the SLD and a DQ procedure.
Moshagen et al. (2014) showed that a conventional DQ pro-
cedure substantially underestimated the known prevalence of
cheaters (36 %), whereas the application of the SLD resulted
in an estimate of 48 %, which did not differ significantly from
the ground truth. In light of these results, Moshagen et al.
(2014) considered the SLD to be a promising candidate within
the class of advanced RRT models. It is important to note,
however, that the SLD offers a Bsafe^ answer category be-
cause a BNo^ response can stem only from a noncarrier. If
noncarriers are attracted to this answer to avoid the risk of
suspicion, the model assumptions are violated, and distorted
prevalence estimates are to be expected. We therefore felt it
necessary to conduct a further validation of the SLD and to
compare it with the competing Crosswise Model (Yu et al.,
2008), which claims to counteract both respondent jeopardy
and risk of suspicion.

The Crosswise Model (CWM)

Within the last couple of years, a new class of so-called
Bnonrandomized response models^ has been proposed (for
an overview, see Tian & Tang, 2014). The goal of these
models is to question the respondents indirectly without hav-
ing to employ an external randomization procedure such as
the rolling of a die. With the CWM as a member of this class,
Yu et al. (2008) introduced a questioning technique that is
arguably easier for the respondents to understand than other
models. Moreover, the CWM holds the particular advantage
of response symmetry because none of the answer options
provides a Bsafe^ alternative that clearly dispels the possibility
of the respondent being a carrier of the sensitive attribute. In
the CWM, participants are simultaneously presented with two

statements: one statement referring to a sensitive attribute with
unknown prevalence π and another statement referring to a
nonsensitive attribute with known prevalence p (e.g., a state-
ment about the month of the respondent’s birth). Respondents
are then asked to indicate whether Bboth statements are true or
both statements are false^ or whether Bexactly one and only
one of the two statements is true.^ Neither of these answer
options directly indicates whether the respondent is a carrier
of the sensitive attribute, and neither of them clearly marks the
respondent as a noncarrier. Respondent jeopardy and risk of
suspicion are thus thoroughly circumvented. Yu et al. (2008)
argued that the clear and easy-to-understand rationale and the
convincing protection offered to the respondents by the sym-
metric CWM Bwould presumably not only make [them] will-
ing to participate in the survey, but also persuade them to
provide truthful responses^ (p. 254). Response symmetry
has, in fact, been shown to increase compliance with the in-
structions in other RRT models (e.g., Ostapczuk, Moshagen,
et al., 2009). If response symmetry makes cheating-detection
mechanisms such as the ones implemented in the CDM and
the SLD dispensable, the CWM may be the model of choice
for the assessment of sensitive attributes.

Because the CWM is mathematically equivalent to the
model by Warner (1965), the maximum likelihood estimator
for π is given by

π̂ ¼
p−1þ n0

n
2p−1

; p≠1
.
2 ð4Þ

where p is the known prevalence of the nonsensitive state-
ment, n’ represents the total number of Bboth true or both
false^ responses, and n reflects the sample size. Equations
deriving the variance of π are provided in Yu et al. (2008).
Figure 2 illustrates the CWM as a tree diagram.

So far, a small number of publications have presented data
from applications of the CWM. In two recently published
studies, the CWM was applied without a direct questioning

Fig. 1 Tree diagram of the Stochastic Lie Detector (Moshagen et al., 2012)
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control group (Eslami et al., 2013; Vakilian, Mousavi, &
Keramat, 2014). More relevant to the present research are
studies comparing the CWM and a direct questioning proce-
dure. In two such studies, the CWM yielded a higher and
therefore arguably more valid prevalence estimate for plagia-
rism in student papers than direct questions (Coutts, Jann,
Krumpal, & Näher, 2011; Jann, Jerke, & Krumpal, 2012).
When assessing the incidence of tax evasion in small and
medium Serbian firms, Kundt, Misch, and Nerré (2013) also
obtained significantly higher prevalence estimates when using
the CWM than direct self-reports. The lifetime prevalence of
anabolic steroid use in athletes was estimated as being more
than two times higher when using the CWM rather than a
direct question in a study by Nakhaee, Pakravan, and Nakhaee
(2013). Jann et al. (2012) therefore evaluated the existing
body of research as showing that Bthe [CWM] is successful
in decreasing the social-desirability bias^ (p. 13). It is impor-
tant to note, however, that none of the existing studies provid-
ed a strong validation and direct evidence for the validity of
the CWM because estimates obtained with the model were
never compared with a known prevalence of carriers or non-
carriers. If the CWM or the SLD does not provide correct
estimates for the known prevalence of control attributes as
well, the validity of the respective model will be called into
question. We therefore decided to investigate whether the
CWM and the SLD can correctly recover the known preva-
lence of a nonsensitive control attribute.

In contrast to models implementing a cheating detection
device, the application of the CWM does not allow the user
to test whether participants adhered to the instructions. Hence,
it seemed worthwhile to compare its performance with the
SLD as an alternative model that is not symmetrical but is
rather based on a cheating detection procedure. To investigate
the extent to which either model would succeed in motivating
respondents to provide truthful answers to questions

addressing a sensitive topic, we also included a direct
questioning (DQ) control condition.

Xenophobia, islamophobia, and the influence
of the social desirability bias

We used a repeated measures design to compare the three
questioning procedures (SLD, CWM, and DQ). To assess
the ability of the different questioning techniques to control
for social desirability, we included two questions pertaining to
sensitive issues and a control question pertaining to an issue
that was nonsensitive in nature but for which the true preva-
lence was known from official statistics. The two sensitive
questions referred to xenophobia and islamophobia,
respectively.

Xenophobia (i.e., a negative attitude toward people with an
immigration background) has been shown to be an attitude
that is rather widespread but that is usually met with social
disapproval in Germany. Whereas self-reports using direct
questioning procedures have shown only a moderate level of
xenophobia in Germany that was comparable to the level ob-
served in other Western European countries (Zick, Küpper, &
Hövermann, 2011), Klink and Wagner (1999) demonstrated a
heavy discrimination against ethnic minorities in a series of
field experiments in which they manipulated the names, ac-
cents, and appearances of confederates presumably seeking
help in everyday situations. Confederates mimicking a Turk-
ish immigration background were far less likely to obtain a
viewing appointment for a vacant house or to receive help in
several situations in which they needed support. Regarding
the frequently observed deviance of self-reports and actual
behavior, Hjerm (1998) commented:

BThe problem of social desirability is obviously impor-
tant in studies that deal with such issues as xenophobia.
It is possible that although they respond anonymously,
people give socially desirable answers so as not to ap-
pear xenophobic. This might lead to an underestimation
of the actual prevalence of xenophobia in a society.^
(p. 338)

Krumpal’s (2012) results support this conjecture. Using a
forced-response variant of the RRT (Boruch, 1971; Dawes &
Moore, 1980) in a German telephone survey, he found that the
RRT produced higher estimates of xenophobia than conven-
tional DQ methods. Similarly, Ostapczuk, Musch, et al.
(2009) showed that in a German sample, the proportion of
xenophobes was substantially higher under the truth-eliciting
CDM questioning procedure (Clark & Desharnais, 1998) than
under a direct questioning procedure. They therefore conclud-
ed that the participants seemed to be Bless unprejudiced than
their answers to a direct question had suggested^ (Ostapczuk,

Fig. 2 Tree diagram of the Crosswise Model (Yu et al., 2008)
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Musch, et al., 2009, p. 928). The question we used to assess
the prevalence of xenophobia read: BI would mind if my
daughter had a relationship with a Turkish man.^ This ques-
tion was modeled after Bogardus (1933) and had been used
before with other ethnic minorities by Silbermann and Hüsers
(1995), Jimenez (1999), and Ostapczuk, Musch, et al. (2009).

As a second sensitive attribute, we assessed islamophobia,
that is, a negative attitude toward, or even a fear of, people of
the Muslim religion. Islamophobia is widespread in European
countries (e.g., EUMC - EuropeanMonitoring Center on Rac-
ism and Xenophobia, 2006; Savelkoul, Scheepers, van der
Veld, & Hagendoorn, 2012; Sheridan, 2006; Zick et al.,
2011) and has been argued to be one of the most important
political issues in modern Europe, possibly even B[m]uch
more pressing^ than anti-Semitism (Bunzl, 2005, p. 506).
Even though the German constitution guarantees religious
freedom, Germany is one of the highest ranked European
countries in anti-Muslim attitudes (Zick et al., 2011). A strong
connection between islamophobia and negative attitudes to-
ward the construction of Muslim religious buildings was re-
cently reported by Imhoff and Recker (2012). Individual
scores of German participants on an Islamoprejudice subscale
proved highly predictive of negative attitudes toward the con-
struction of a great new mosque in the city of Cologne. We
therefore decided to use an item that asked for negative atti-
tudes toward the construction of minarets in Germany. This
itemwas chosen because, in a recent popular vote, the citizens
of Switzerland had voted in favor of a constitutional adden-
dum that prohibited any further construction of minarets. The
result of this popular vote had not been predicted by represen-
tative polls (gfs.bern, 2009a, b; reformiert, 2009), arguably
because voters refrained from revealing what had been stig-
matized as an attitude that tends to be met with social disap-
proval in the debate preceding the poll (fög, 2010).

Umesh and Peterson (1991) have argued that B[s]tudies that
compared the RR[T] with other forms of questioning […] are
not validation studies^ and that a Btrue validation study must
compare the randomized response estimate and the actual
value^ (p. 127). Two such Bstrong^ validation studies have
been conducted for the SLD (Moshagen et al., 2014;Moshagen
et al., 2012), but such studies have yet to be reported for the
CWM. Therefore, one goal of the present study was to inves-
tigate whether the SLD and the CWM would be capable of
recovering the known prevalence of an attribute. Unfortunately,
however, the ground truth for sensitive attributes is usually
unknown and difficult to obtain, as reflected in the relatively
small number of only six Bstrong^ validation studies that com-
pared Randomized Response estimates with a known preva-
lence as reported in Lensvelt-Mulders et al.’s (2005) meta-
analysis. In one of these studies that reported on social security
fraud, the assessment of a sample that had a true prevalence of
carriers of 100 % was possible only because of the public
availability of databases containing the addresses of people

who had previously been convicted of such crimes in
The Netherlands (van der Heijden et al., 2000). No such da-
tabases are available in Germany, however. Because there was
no way to know the true value of a sensitive attribute in our
student sample, we included a nonsensitive control question
that pertained to the first letter of the respondents’ surname, for
which the incidence in the general population could be deter-
mined. This allowed us to go beyond the usual Bmore is bet-
ter^ validation approach and to detect method-specific biases
in the assessment of the prevalence of an attribute. Official
statistics from the German Statistisches Bundesamt (Federal
Office of Statistics) show that the proportion of citizens in
Germany with a surname that begins with one of the relatively
frequent letters K, L, M, R, S, or T is about 43 % (Reinders,
1996). This proportion was cross-checked with the student
office of the University of Düsseldorf to rule out the possibil-
ity that the proportion was different in our student sample;
however, the two proportions were almost identical, as 43 %
of the 15,658 students carried a surname starting with one of
the letters mentioned above. If the SLD and the CWM are
capable of obtaining valid prevalence estimates of sensitive
attributes, they should also perform well when applied to a
nonsensitive control attribute.

To summarize, the present experiment addressed the fol-
lowing two questions: (a) Are the SLD and the CWM capable
of controlling for social desirability? To the extent to which
they are, the two indirect questioning techniques were expect-
ed to provide higher prevalence estimates of the two sensitive
attributes than a direct question. (b) Are the SLD and the
CWM prone to a method-specific bias that results in system-
atic over- or underestimates? If so, the two indirect
questioning techniques should provide estimates that are at
odds with official statistics with regard to the prevalence of
surnames that begin with certain letters.

Method

A total of 1,312 subjects volunteered to participate in our
survey. The sample (56 % female, mean age = 21.21 years,
SD = 3.14) consisted of students from three German univer-
sities (Düsseldorf 81 %, Duisburg 10 %, and Bochum 9 %)
who were recruited and assessed in groups in lecture halls
before classes began.

Survey design

Respondents filled out a one-page questionnaire consisting of
a short introduction, the three (sensitive and nonsensitive)
experimental questions, and two demographic questions ask-
ing for the respondents’ age and gender. The questioning tech-
nique was varied as an independent within-subjects variable
and consisted of the SLD (randomization device: mother’s
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month of birth; subdivided into two groups with low vs. high
randomization probabilities of p1 = .158 vs. p2 = .842, respec-
tively), the CWM (nonsensitive statement: father’s month of
birth; known prevalence p = .158), and the DQ format. The
question format was determined randomly for each question
with the constraint that all three questioning techniques should
be applied; thus, every participant responded to all three ques-
tions, but each question was presented in a different format.
Two questions referred to sensitive attributes (xenophobia/
negative attitudes toward Turkish immigrants; islamophobia/
negative attitudes toward the construction of minarets in Ger-
many) with unknown prevalences πs1 and πs2, respectively.
The third question referred to the first letter of the respon-
dents’ surname as a nonsensitive control attribute. The preva-
lence of this nonsensitive attribute was known (πns = .43)
because it could be obtained from official statistics for the
set of letters that was used for this question (first letter K, L,
M, R, S, or T; Reinders, 1996). Examples of the three
questioning formats are given below.

SLD format For the question referring to xenophobia, the
SLD format (with a low randomization probability of p1 =
.158) read as follows:

BAssume that you have a 20-year-old daughter: Would
you mind if she had a relationship with a Turkish man?
If yes, please respond to Statement A.
If not, …

– please respond to Statement A if your mother was born in
November or December,

– please respond to Statement B if your mother was born in
any other month.^

Next, two statements A and B were presented:

Statement A: BI would mind if my daughter had a rela-
tionship with a Turkish man.^
Statement B: BI would not mind if my daughter had a
relationship with a Turkish man.^

Finally, the participants were asked to indicate whether
they agreed with the statement they were required to respond
to. For the two other topics, the SLD questioning format was
adapted accordingly.CWM format For the question referring
to islamophobia, the CWM question (with a prevalence of the
nonsensitive statement of p = .158) was presented as follows:

BPlease read the following two statements:

Statement A: The construction of minarets should be
prohibited in Germany.
Statement B: My father was born in November or
December.^

Subsequently, the respondents were asked to indicate
whether Bboth statements are true or both statements are
false,^ or whether Bexactly one statement is true (regardless
of which one).^ For the two other topics, the CWM format
was adapted accordingly.

DQ format For the nonsensitive control question with known
prevalence (πns = .43), the direct question was presented as
follows:

Statement: BMy surname begins with one of the following
letters: K, L, M, R, S, or T.^

The respondents were then asked to indicate whether this
statement was true or false. For the two sensitive questions,
the DQ format was adapted accordingly.

Statistical analysis

In the CWM and SLD conditions, prevalence estimates can be
obtained using Eqs. 2 through 4. In the DQ condition, the
proportion of respondents answering Btrue^ to the direct ques-
tion provides a direct prevalence estimate. Following the pro-
cedure detailed in Moshagen, Hilbig, and Musch (2011),
Moshagen and Musch (2012), Moshagen et al. (2012),
Moshagen et al. (2010), Ostapczuk, Moshagen, et al. (2009),
Ostapczuk and Musch (2011), Ostapczuk, Musch, et al.
(2009), and Ostapczuk et al. (2011), however, we formulated
multinomial processing tree models (MPT; Batchelder, 1998;
Batchelder & Riefer, 1999) for all three questioning tech-
niques. This approach offers more flexibility in parameter es-
timation and convenient statistical tests of parameter restric-
tions (Moshagen et al., 2012). Within the multinomial model-
ing framework and using the procedures detailed in Hu and
Batchelder (1994), it was possible to estimate the prevalence
parameters for each questioning technique and to conduct the
necessary statistical tests of our hypotheses. On the basis of
the empirically observed answer frequencies in the different
experimental conditions, we computed maximum likelihood
estimates for all parameters using the expectation-
maximization algorithm (EM; Dempster, Laird, & Rubin,
1977; Hu & Batchelder, 1994) implemented in the software
multiTree (Moshagen, 2010). The model fit was tested via the
asymptotically χ2-distributed log-likelihood statistic G2. The
MPT models for all three questioning techniques were satu-
rated with df = 0 and G2 = 0 as the number of independent
answer categories was just sufficient to estimate all parameters
in the three questioning technique conditions: The two pro-
portions of BYes^ responses in the conditions with a low ver-
sus high randomization probability allowed us to estimate the
two parameters π and t in the SLD condition; the proportion of
BBoth true or both false^ responses allowed us to estimate π in
the CWM condition; and the proportion of BYes^ responses
allowed us to estimate π in the DQ condition. Comparisons
between parameter estimates and comparisons between the
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parameters and a constant were conducted by assessing the
significance of the difference in model fit (ΔG2) between an
unrestricted baseline model and an alternative model in which
either the two parameters under question were restricted to be
equal or one parameter was set to a constant value (e.g., πns =
.43). A tree representation of the multinomial model and the
observed answering frequencies for all conditions are given in
Appendices A and B.

Results

Table 1 shows the prevalence estimates for the two sensitive
attributes, and the nonsensitive control attribute obtained via
DQ, the SLD, and the CWM.

Xenophobia (sensitive attribute 1)

To investigate whether different questioning techniques
would result in different parameter estimates, pairwise com-
parisons between DQ, SLD, and CWM conditions were con-
ducted. These revealed that in comparison with the DQ con-
dition (26.98 %), respondents were more likely to answer
truthfully in both the SLD (53.38 %) and the CWM condi-
tions (48.67 %), ΔG2 (df = 1) = 16.80, p < .001 and ΔG2

(df = 1) = 28.20, p< .001, respectively. This pattern suggests
that the prevalence of xenophobia was presumably
underestimated in the DQ condition. A comparison of the
two indirect questioning techniques revealed no significant
difference in the prevalence estimates between the SLD and
the CWM conditions, ΔG2 (df = 1) = 0.43, p = .51. The
SLD estimated the proportion of carriers of the sensitive
attribute answering honestly at t = .79, a value significantly
below 1.0, ΔG2 (df = 1) = 14.56, p < .001. This finding
suggests that according to the SLD, a substantial proportion
of 21 % of the carriers seems to have disobeyed the instruc-
tions, possibly to conceal their true status.

Islamophobia (sensitive attribute 2)

As for the xenophobia item, the pattern of results suggests an
underestimation of the prevalence in the DQ condition. In
both the SLD (76.93 %) and CWM (51.64 %) conditions,
the proportion of respondents with negative attitudes was
estimated as higher than in the DQ condition (43.33 %),
ΔG2 (df = 1) = 23.97, p < .001 and ΔG2 (df = 1) = 3.89,
p < .05, respectively. However, unlike for the xenophobia
item, the two indirect questioning techniques showed diverg-
ing results: In the SLD condition, the estimated proportion of
carriers was significantly higher than in the CWM condition,
ΔG2 (df = 1) = 11.80, p < .001. The SLD estimated the
proportion of carriers of the sensitive attribute answering hon-
estly at t = .68, a value significantly below 1.0, ΔG2 (df = 1)

= 65.07, p < .001. This finding suggests that a substantial
proportion of 32 % of the carriers seems to have disobeyed
the instructions.

Nonsensitive control attribute with known prevalence:
First letter of surname

As expected for a nonsensitive attribute, there was no
significant difference between the prevalence estimates
obtained via DQ (40.99 %) and the CWM (46.57 %),
ΔG2 (df = 1) = 1.73, p = .19. Unexpectedly, however,
the SLD estimate (62.72 %) was significantly higher
than both the DQ and CWM estimates, ΔG2 (df = 1) =
11.00, p < .001 and ΔG2 (df = 1) = 5.15, p < .05, re-
spectively. The DQ and CWM estimates deviated only
slightly and nonsignificantly from the known prevalence
of πns = .43, ΔG2 (df = 1) = 0.73, p = .39 and ΔG2 (df =
1) = 1.02, p = .31, respectively. By contrast, the SLD
significantly overestimated the known prevalence, ΔG2

(df = 1) = 10.42, p < .01. The SLD estimated the pro-
portion of carriers of the sensitive attribute answering
honestly at t = .78, a value significantly below 1.0,
ΔG2 (df = 1) = 23.16, p < .001, indicating that approx-
imately 22 % of the carriers of the nonsensitive attribute
seemed to have disobeyed the instructions.

Discussion

Social desirability bias may lead to the under-reporting of
socially undesirable attributes. The present study investigated
the validity of two competing indirect questioning techniques,
the Stochastic Lie Detector (SLD; Moshagen et al., 2012) and
the Crosswise Model (CWM; Yu et al., 2008), both of which
aim to experimentally address the problem of social desirabil-
ity bias. According to the Bmore is better^ criterion, higher
estimates of socially undesirable attributes can be considered
more valid as they presumably suffer less from distortion.
Using a large-scale survey, we therefore assessed whether
the application of the two indirect questioning techniques
would result in higher prevalence estimates than a convention-
al direct questioning (DQ) approach for two sensitive state-
ments. Because the Bmore is better^ criterion fails if a
questioning technique provides estimates that surpass the
known prevalence of a criterion, we also tested whether the
application of the SLD or the CWMwould result in undistort-
ed estimates of a third nonsensitive control attribute. To the
extent to which estimates provided by an indirect questioning
technique are higher than the actual known prevalence of a
control attribute, the validity of this indirect questioning tech-
nique is called into question.

With regard to the prevalence of xenophobia, both indirect
questioning techniques yielded prevalence estimates that were
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approximately twice as high and thus presumably more valid
than the estimate from the direct question. The SLD estimated
the prevalence of carriers responding truthfully to be substan-
tially lower than 100 %. A quite similar pattern of results was
observed for the islamophobia item. The CWM estimated the
true prevalence of islamophobia to be significantly higher than
estimated by a direct question. The SLD estimate even
surpassed the CWM estimate, and the proportion of carriers
answering truthfully was, again, estimated substantially lower
than 100 %. These results add to the evidence that suggests
that the self-report of both xenophobic and islamophobic atti-
tudes may be distorted by a social desirability bias and that
indirect questioning techniques may be capable of yielding
more valid prevalence estimates by granting respondents full
confidentiality of their answers. It has to be kept in mind,
however, that our results are based on a convenience sample.
Thus, the prevalence estimates we obtained might not be gen-
eralizable to the German population at large.

Despite this limitation, it is interesting to note that our
results would predict diverging outcomes for a hypothet-
ical popular vote on this issue, at least within the popula-
tion our sample was drawn from. On the basis of the
results of the direct question condition, one would have
to predict that a majority would vote against the introduc-
tion of a law prohibiting the construction of minarets;
according to the results obtained in the SLD and CWM
conditions, however, one would have to predict that the
proposal of such a law would pass a referendum. The
latter result was in fact the outcome of a popular vote
conducted in Switzerland in 2009, a result that was gen-
erally considered surprising because a poll had predicted
the opposite outcome just prior to the vote. This poll,
however, had been based on a direct question. Future
studies based on probability samples could clarify wheth-
er the use of indirect questioning techniques might, in-
deed, increase the predictive validity of voting polls.

In summary, the results we obtained for the two sensitive
questions attest to the validity of the indirect questioning

techniques with regard to the Bmore is better^ criterion. The
application of both indirect questioning techniques resulted in
higher and therefore presumably more valid prevalence esti-
mates for the two sensitive topics under investigation.

To determine whether a method bias that would result in a
general tendency to over- or underestimate the prevalence of
any attribute is inherent to either the SLD or the CWM, we
included a control question that referred to a nonsensitive
attribute with known prevalence. In accordance with the as-
sumption of no bias, the CWM yielded a prevalence estimate
(47 %) that was fairly close to and not significantly different
from the known true prevalence of 43 %. Supporting the va-
lidity of this estimate, the CWM estimate did not differ signif-
icantly from the estimate yielded by the direct question
(41 %). This result was to be expected considering that the
first letter of a person’s surname is not a sensitive attribute, and
corresponding self-reports should therefore not be distorted by
social desirability bias. Thus, the validity of the CWM was
confirmed with regard to both better control over social desir-
ability bias as compared with a direct question and the lack of
a method bias resulting in a systematic tendency to over- or
underestimate.

Unlike the CWM, however, the SLD substantially
overestimated the known prevalence of the control attribute
(SLD: 63 % vs. true: 43 %). The SLD estimate also differed
significantly from the estimate yielded by the direct question,
which closely mirrored the known true prevalence of the non-
sensitive control attribute (DQ: 41 % vs. true: 43 %). The
proportion of carriers responding truthfully on the SLD was
estimated at 78%, which is significantly lower than the 100 %
that would have to be expected if all participants had
completely complied with the instructions.

Several alternative explanations for this unexpected out-
come seem possible. First, the SLD may have a harmful ten-
dency to overestimate the prevalence of any given attribute.
Holbrook and Krosnick (2010) called the validity of the RRT
method into question when obtaining an estimate for the prev-
alence of a socially desirable attribute that was unexpectedly

Table 1 Prevalence estimates (standard errors in parentheses) by questioning technique for the two sensitive attributes, and the nonsensitive control
attribute

Parameter Direct questioning Stochastic Lie Detector Crosswise Model

Sensitive attribute 1: Xenophobia

πs1 26.98 % (2.11) 53.38 % (6.31) 48.67 % (3.48)

t – 79.43 % (4.59) –

Sensitive attribute 2: Islamophobia

πs2 43.33 % (2.40) 76.93 % (6.62) 51.64 % (3.46)

t – 67.94 % (3.19) –

Nonsensitive control attribute: First letter of surname (known prevalence: πns = .43)

πns 40.99 % (2.33) 62.72 % (6.25) 46.57 % (3.54)

t – 78.23 % (3.92) –
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higher than the corresponding estimate obtained with a direct
question and even reached Bimpossible levels^ (Holbrook &
Krosnick, 2010, p. 336) of over 100 %. Wolter and
Preisendörfer (2013), however, argued that to draw general
conclusions regarding the validity of the RRT might be pre-
mature. When assessing the validity of the SLD, it has to be
taken into account that the technique performed well in two
studies byMoshagen et al. (2012) andMoshagen et al. (2014),
both of which found that the SLD provided estimates in ac-
cordance with the known prevalence of a sensitive attribute.
Moreover, the SLD performed well for the xenophobia item in
the current study, providing an estimate close to the estimate
obtained using the CWM, which in turn provided presumably
valid estimates for all questions in the present investigation.

An alternative explanation for why the SLD did not yield
valid results for all questions in the present study may be
found in its specific implementation. Although the SLD was
designed to address one particular type of nonadherence to
instructions, namely, untruthful responding by carriers of a
sensitive attribute, its assumptions are clearly violated if (a)
noncarriers falsely claim to carry the attribute, (b) carriers
strategically use the randomization procedure to appear as
though they are noncarriers, (c) response behavior varies for
different randomization probabilities, or (d) respondents gen-
erally fail to understand and follow the instructions (cf.
Moshagen et al., 2012). Any of the above problems can lead
to distorted prevalence estimates. However, given that the
surname control item was nonsensitive in nature, the three
potential violations described in (a), (b), and (c) would be
unlikely causes of the observed distortion. Moreover, as point-
ed out by Moshagen et al. (2012), violations of the assump-
tions according to (b) and (c) should have led to an under-
rather than an overestimation of the attribute’s prevalence. A
general failure to understand and follow the instructions, how-
ever, might offer a potential explanation for the present find-
ings. Various researchers have pointed out that RRT questions
may generally be difficult for some participants to understand
(e.g., Landsheer, van der Heijden, & van Gils, 1999; Locander
et al., 1976; van der Heijden, van Gils, Bouts, & Hox, 1998).
The validity of an RRT estimate, however, strongly depends
on the participants’ comprehension of the instructions (e.g.,
Abul-Ela et al., 1967; Holbrook & Krosnick, 2010; Soeken &
Macready, 1982). In a recent survey using the unrelated ques-
tion variant of the RRT, James et al. (2013) surmised that a
misunderstanding of the instructions might have led to the
inflated estimates they obtained for the use of performance-
enhancing drugs. Comprehension problems might be specifi-
cally prevalent in related question RRT designs. These designs
implement positively and negatively worded statements, and
require some participants to use a double negative as their
response, which has been shown to be potentially confusing
(e.g., Johnson, Bristow, & Schneider, 2011). The instructions
of the SLD, however, have been modified in a way that

generally excludes the possibility of respondents having to
solve a double negative: All carriers of the attribute in question
are required to respond to the positively worded Statement A.
Even though some of the noncarriers are instructed to respond
to the negatively worded Statement B, their response to this
statement should always be Btrue.^ Hence, the inflated param-
eter estimates for the nonsensitive control attribute observed in
the SLD condition might be attributable to a general failure to
understand the instructions, but can hardly be explained by
difficulties in solving a double negative.

Another potential reason for the performance problems we
observed for the SLD might be that, unlike the CWM, the
SLD does not offer response symmetry to the respondents.
Using the SLD, it is possible to respond in a way that allows
the respondent to avoid looking suspicious of being a carrier
of the sensitive attribute. This possibility to Bplay it safe^may
lead to distorted response behavior. However, the distortion
we observed occurred for a question that was nonsensitive in
nature. Thus, a tendency to Bplay it safe^ can hardly explain
why we obtained an overestimate for a nonsensitive control
item using the SLD. However, it is conceivable that the appli-
cation of the SLD to a nonthreatening control question may
have seemed odd to some of the respondents. This may have
led to some confusion or even to a rejection of the method, but
unfortunately, no post hoc test of this explanation was possible
with the data we collected. It should however be noted that
any response behavior that deviated from the instructions –
including random responses – that equally extends to both the
low and high randomization probability conditions can be
shown to necessarily lead to an overestimation when using
the SLD whenever π< 1.00. Therefore, it seems necessary to
provide a more systematic investigation of the comprehensi-
bility of RRT questions and compliance with the instructions
in future research. Judging from the present results, it would
appear that both comprehensibility and compliance with the
instructions might be better for the CWM than for the SLD.

In conclusion, our results suggest that the CWM offers
a valid and useful means for achieving the experimental
control of social desirability. While previous studies have
found evidence for the validity of the SLD (e.g.,
Moshagen et al., 2014), our results tentatively suggest that
the CWM might be superior to the SLD with regard to
applicability and validity. Even though both models met
the Bmore is better^ criterion in the assessment of two
sensitive attributes, only the CWM succeeded in estimat-
ing the known prevalence of a nonsensitive control attri-
bute. This finding further supports the notion of Umesh
and Peterson (1991) that studies validating indirect
questioning techniques have to go beyond the Bmore is
better^ criterion, and should best apply an external vali-
dation criterion. On the basis of our results, it seems jus-
tifiable to recommend the use of the CWM in future stud-
ies investigating sensitive issues.
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Appendix A

Tree diagram representation for the model established for pa-
rameter estimation in multiTree (Moshagen, 2010):

SLDp1

π Xenophobia_SLD

1-π Xenophobia_SLD

“True.”tXenophobia

1-tXenophobia “False.”

“False.”p1

1-p1 “True.”

SLDp2

π Xenophobia_SLD

1-π Xenophobia_SLD

“True.”tXenophobia

1-tXenophobia “False.”

“False.”p2

1-p2 “True.”

CWM

π Xenophobia_CWM

1-π Xenophobia_CWM

“Both true / both false.”p

1-p “One true.”

“One true.”p

1-p “Both true / both false.”

DQ

π Xenophobia_DQ

1-π Xenophobia_DQ “False.”

“True.”

Sensitive attribute 1: Xenophobia

SLDp1

π Islamophobia_SLD

1-π Islamophobia_SLD

“True.”tIslamophobia

1-tIslamophobia “False.”

“False.”p1

1-p1 “True.”

SLDp2

π Islamophobia_SLD

1-π Islamophobia_SLD

“True.”tIslamophobia

1-tIslamophobia “False.”

“False.”p2

1-p2 “True.”

CWM

π Islamophobia_CWM

1-π Islamophobia_CWM

“Both true / both false.”p

1-p “One true.”

“One true.”p

1-p “Both true / both false.”

DQ

π Islamophobia_DQ

1-π Islamophobia_DQ “False.”

“True.”

Sensitive attribute 2: Islamophobia
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π Surname_SLD

1-π Surname_SLD

“True.”tSurname
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“False.”p1

1-p1 “True.”

SLDp2
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1-π Surname_SLD

“True.”tSurname

1-tSurname “False.”

“False.”p2

1-p2 “True.”

CWM
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1-π Surname_CWM

“Both true / both false.”p

1-p “One true.”
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DQ
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“True.”

Nonsensitive control attribute: First letter of surname
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