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Abstract

This dissertation addresses the questions of whether or not Randomized Response Mod-

els (RRMs) are suitable for use in criminological research and how RRM applications

can be improved in general. RRM is the umbrella term for certain survey methods which

were developed to minimize socially desirable response behavior. As socially desirable

responses may especially occur when asking questions on sensitive topics, RRMs are

— at least in theory — especially well-suited for such questions. This method could be

particularly promising in the field of quantitative criminology, as topics such as crime,

criminal prosecution, and victimization provide for a large number of sensitive topics.

To answer these research questions, a form of case study was conducted initially,

and evidence for the existence of social desirability bias in a criminological survey was

collected. Additionally, the Poisson model, a new method that enables particularly ef-

ficient measurement of a behavior’s prevalence and rate of occurrence, was introduced

to improve RRM applications. In an online survey on the prevalence of drinking and

driving, the Poisson model was combined with one specific RRM, the Unrelated Ques-

tion Model (UQM). This survey study revealed problems regarding the functionality of

the UQM, a problem not uncommon for RRM applications. Furthermore, the extent to

which comprehension aids during participant instruction can contribute to improving

the validity of RRM applications was investigated. However, it remained unclear how

important the comprehension of instructions actually is for the functionality of RRMs

and whether comprehension aids do, in fact, improve the validity of such applications.

Overall, this dissertation illustrated that while RRMs provide for a promising method-

ological approach, the conditions for their optimal use have yet to be identified com-

pletely. Consequently, RRMs cannot yet be fully recommended for use in criminological

research.
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Zusammenfassung

Diese Dissertation befasst sich mit der Frage, ob Randomized Response Modelle (RRMs)

für die Anwendung in der kriminologischen Forschung geeignet sind und wie RRM-

Anwendungen allgemein verbessert werden können. RRM ist der Überbegriff für be-

stimmte Umfragemethoden, die entwickelt wurden, um sozial erwünschtes Antwort-

verhalten zu minimieren. Da sozial erwünschte Antworten insbesondere bei Fragen

nach sensiblen Themen auftreten können, sind RRMs — zumindest theoretisch — ins-

besondere für solche Fragen geeignet. Im Bereich der quantitativen Kriminologie könnte

diese Methode besonders vielversprechend sein, denn die Themenbereiche Kriminali-

tät, Strafverfolgung und Viktimisierung bieten eine Vielzahl sensibler Fragestellungen.

Um die Forschungsfrage zu beantworten, wurde zunächst eine Art Fallstudie durch-

geführt, in der Hinweise für das Vorliegen des Effekts der sozialen Erwünschtheit in

einer kriminologischen Befragung nachgewiesen wurden. Für die Verbesserung von

RRM-Anwendungen wurde zudem das Poisson-Modell vorgestellt, eine neue Metho-

de, die eine besonders effiziente Messung von Verhaltensprävalenzen und -frequenzen

ermöglicht. In einer Online-Befragung zur Häufigkeit von Alkohol am Steuer wurde

das Poisson-Modell mit dem Unrelated Question Model (UQM), einem RRM, kombi-

niert. Dabei zeigten sich Probleme bei der Funktionsweise des UQM, die bei RRM-

Anwendungen häufiger auftreten. Zuletzt wurde untersucht, inwiefern Verständnishil-

fen bei der Instruktion der Teilnehmenden dazu beitragen können, die Validität von

RRM-Anwendungen zu verbessern. Dabei blieb unklar, wie wichtig das Instruktions-

verständnis für die Funktionsweise von RRMs ist, und ob Verständnishilfen die Validität

solcher Anwendungen verbessern.

Im Ergebnis zeigte sich, dass RRMs zwar einen vielversprechenden methodischen

Ansatz verfolgen, die Rahmenbedingungen für deren optimalen Einsatz aber noch im-

mer nicht vollumfänglich identifiziert wurden. Somit können RRMs noch nicht unein-

geschränkt für den Einsatz in der kriminologischen Forschung empfohlen werden.
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1 Introduction

One of the cornerstones in survey research is the assumption that participants respond

honestly to the survey questions — at least most of the time. Only then can a survey lead

to reliable and thus valuable results. Hence, it is a major problem for survey research

if participants systematically respond in a way that is unreliable or dishonest. One sys-

tematic effect that causes such problems is the social desirability bias, which is defined

as respondents’ tendency towards answers that are in line with societal norms (Crowne

& Marlowe, 1960; Edwards, 1953). This well-researched effect is especially prevalent in

surveys on topics that participants perceive as sensitive or in cases where participants

have to fear negative consequences when they respond honestly (e.g., Krumpal, 2013;

Lee, 1993; Nederhof, 1985; Rasinski, Willis, Baldwin, Yeh, & Lee, 1999; Tourangeau &

Yan, 2007). For instance, honest answers to survey questions about criminal behavior

could include self-incriminating information. Participants who exhibited such behav-

ior could fear legal, professional, or personal repercussions when responding honestly.

Therefore, they may choose to give dishonest answers instead.

The overarching topic of this dissertation is the application of Randomized Response

Models (RRMs) in criminological research. RRMs are specifically designed to lower so-

cial desirability bias in surveys on sensitive topics by guaranteeing complete and objec-

tive anonymity for participants. One recent example of an RRM application perfectly

underlines why such methods can be very valuable for survey research: Shortly after

Russia’s invasion of Ukraine in 2022, researchers asked Russian citizens whether they

supported the war (Chapkovski & Schaub, 2022). Since the participants might have

had to expect repercussions for criticizing the authoritarian Russian government (e.g.,

Oliker, 2017), the researchers used an RRM to both protect the participants and to en-

hance the validity of their responses. This study is a prime example for the high value

that RRMs could offer survey research in many fields, as many surveys on socially and

politically relevant topics might benefit from an increased level of anonymity.

In the following sections, the origins and general functionality of RRMs will be ex-

plained specifically emphasizing the RRM which has been used in the research papers

presented in this dissertation. This is followed by a short overview on the discipline

of criminology and on possible areas of RRM applications in criminological research.

Lastly, the objectives of this dissertation will be presented, transitioning to the second

chapter, in which each of the four underlying papers will be summarized and discussed
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in detail.

1.1 Randomized Response Models and the Unrelated Question

Model

The original RRM, the Randomized Response Technique (RRT), was introduced by Warner

(1965). The main idea behind this method is to use statistical noise to mask the true

answer of a respondent. For this purpose, the participant is asked to perform a random

experiment using a certain randomization device (e.g., draw a card or roll a die), and to

keep the outcome to themselves. Hence, this random experiment guarantees complete

anonymity to the participants.

The RRT is depicted in the probability tree in Figure 1. First, each participant conducts

the random experiment. The outcome, known only to them, determines whether the

participant is supposed to respond to one of two yes/no-questions, A or B, that are

both openly presented to them. With a probability of p, as represented by the upper

branch in the tree, the randomization device will lead the participant to question A

and with a probability of 1 − p — as shown in the lower branch — participants will be

directed to question B. For instance, the participants could be told to roll a regular dice

and to answer question A if they roll a 1 or 2, or question B if they roll a 3, 4, 5, or 6. In

this example, p = 2
6 .

In the RRM, question A and question B are designed to be complementary to each

other. Assume that a researcher wants to conduct a study on the lifetime prevalence

of criminal behavior. In this example, question A could be “Have you ever commit-

ted a crime?”, and question B “Have you never committed a crime?”. As shown in the

probability tree, the probability of a yes-answer to question A would be equal to the

probability of a no-answer to question B, represented by the parameter π. The partici-

pant is meant to answer the question openly so that the researcher can observe whether

they responded with “yes” or “no” . However, since the participant kept the outcome of

the random experiment secret, it remains unknown to the researcher and any observers

whether their yes- or no-response refers to question A or B. In our example, it will re-

main unclear to anyone but the participant whether they have ever committed a crime

or not; thus, the participant’s anonymity is guaranteed completely.

When numerous participants respond to an RRT survey in this way, it becomes possi-

ble to draw conclusions about the prevalence of the behavior (or opinion, etc., depend-

ing on the question) of interest. With a probability of p, set by design, and the observed

proportion of yes-answers in the sample, γ,1 it is possible to estimate π, which is the

1In most RRMs, the parameter representing the observed proportion of yes-answers is called λ. To avoid
confusion with another parameter introduced later in a different model, it will be called γ here instead.
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probability of responding “yes” to question A or “no” to question B. So, in the example

at hand, the parameter π represents the proportion of people in the sample who have

committed a crime before. Then, π can be estimated by

π̂ =
(γ̂ + p − 1)

2p − 1
(1.1)

for p ̸= .5, and with

σ̂2(π̂) =
π̂(1 − π̂)

n
+

p(1 − p)

n(2p − 1)2 . (1.2)

Figure 1: Probability tree of the RRT

B

“no”
π

“yes”
1 − π1 − p

A

“no”
1 − π

“yes”
π

p

Note. The sample is divided into two groups. First, respondents drawing question A,
with a probability of p, and second, respondents drawing question B, which is formu-
lated complementary to question A, with the counter probability of 1 − p. Participants
will respond “yes” to question A or “no” to question B, each with a probability of π.
Respectively, participants will respond “no” to question A or “yes” to question B with
the counter probability 1 − π.

Since the introduction of the RRT by Warner (1965), multiple similar models have been

proposed and tested. Most of these models build on Warner’s basic idea of employing

random experiments to mask the responses of single participants, while simultaneously

allowing for prevalence estimation when numerous responses are collected. Some ex-

amples of rather well established RRMs are the Unrelated Question Model (UQM; Green-

berg, Abul-Ela, Simmons, & Horvitz, 1969), the Item Count Technique (ICT; J. D. Miller,

1984) as used by Chapkovski and Schaub (2022), the Forced Choice Model (FCM; Boruch,

1971), or the Cheater Detection Model (CDM; Clark & Desharnais, 1998). Some other sim-

ilar models do not rely on a randomization device and therefore, strictly speaking, are

non-Randomized Response Models. The probably most widely used non-RRM is the Cross-
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wise Model (CM) by>Yu2008. Instead of a randomization device, the participants are

presented with two distinct questions in the CM, and are asked whether their answer

is the same for both. One of these questions is chosen in a way that the probabilities

of a yes- or no-answer can be estimated a priori. Even though non-RRMs do not utilize

a random experiment, for the sake of simplification and readability, these models are

subsequently included in the abbreviation RRM.

A common advantage of RRMs compared to traditional Direct Questioning methods

(DQ) is the complete anonymity for participants that they provide. Said anonymity

should theoretically lead to more valid responses in surveys on sensitive topics where

social desirability bias might influence participants’ responses in DQ surveys. In fact,

some studies not only suggest that this supposed advantage of RRMs does exist in

surveys on sensitive topics, but also that this advantage gets bigger the more delicate

the respective questions are (Lensvelt-Mulders, Hox, Van der Heijden, & Maas, 2005).

However, due to the additional statistical noise added by the randomization device —

or the second question in the CM (Yu, Tian, & Tang, 2008) — RRMs are less efficient than

DQ. As a result, bigger samples are needed for RRMs in order to achieve the statistical

power of DQ applications (Ulrich, Schröter, Striegel, & Simon, 2012).

Ulrich et al. (2012) showed that the UQM has some desirable statistical characteristics,

and that it is more efficient than other RRMs. Additionally, the UQM’s instructions

are rather simple and do not require participants to lie (other than, e.g., the FCM by

Boruch, 1971), which they might be reluctant to do. Therefore, the UQM is assumed to

have a decent level of psychological acceptability for participants (Höglinger, Jann, &

Diekmann, 2016; Reiber, Pope, & Ulrich, 2020; Reiber, Bryce, & Ulrich, 2022; Ulrich et al.,

2012). For these reasons, the UQM was used as the “RRM of choice” in this dissertation

and the underlying research papers.

Figure 2 shows the probability tree of the UQM as proposed by Greenberg et al.

(1969). The similarity to the RRT becomes apparent when comparing both trees (see

Figure 1). As in the RRT, the random experiment is conducted first and its outcome

kept secret by the participants. Participants draw the question A with a probability

of p, as illustrated in the upper branch of the probability tree, and question B with a

probability of 1 − p, as shown in the lower branch. In contrast to the RRT, question B

is not formulated complementary to question A in the UQM. Instead, question A is the

only sensitive question, as represented by the S-node in Figure 2, while question B is a

neutral question, as represented by the N-node.

Similar to the procedure in the RRT, participants who drew the sensitive question are

assumed to answer “yes” with a probability of π, and “no” with the counter probabil-

ity 1 − π. Along with the neutral question, a new parameter, q, is introduced, which

describes the probability of a participant to answer “yes” to this question. The sensi-
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tive question is referring to the behavior (or opinion) of interest, e.g., “Have you ever

committed a crime?”. Meanwhile, the neutral question is chosen in a way that the prob-

ability q can be estimated a priori. As the name suggests, the neutral question is not

sensitive in nature so that it should not be influenced by social desirability bias. For

instance, this question could refer to the date of birth of the participants, e.g., “Is your

birthday in the first half of the year (before July 1st)?”. Then, it can be assumed that

q ≈ .5. Even though dates of births are not exactly uniformly distributed, this approx-

imation is precise enough for the purpose of the UQM (Ulrich et al., 2012). Similar

questions are also frequently used as the randomization device in UQM applications

(e.g., Dietz et al., 2018; Meisters, Hoffmann, & Musch, 2020; Reiber et al., 2022; Ulrich et

al., 2018).

As in the RRT, observation of the proportion of yes-answers in a sample of numerous

participants allows for estimation of the parameter π, with

π̂ =
γ̂ − (1 − p) · q

p
(1.3)

and

σ̂2(π̂) =
γ̂ · (1 − γ̂)

n · p2 . (1.4)

Figure 2: Probability tree of the UQM

N

“no”
1 − q

“yes”q1 − p

S

“no”
1 − π

“yes”
π

p

Note. The sample is divided into two groups. First, respondents drawing the sensitive
question (S), and second, respondents drawing the neutral question (N), with the prob-
abilities of p and 1 − p, respectively. With the probability π, participants who drew the
sensitive question will respond “yes” . The probability of a no-response for these partic-
ipants is the counter probability 1 − π. The probabilities of respondents who drew the
neutral question to answer “yes” or “no” are q and 1 − q, respectively.
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RRMs have been used to research many different sensitive topics. Examples — in no

particular order — are surveys on the prevalence of (non-)voting behavior (Moshagen,

Musch, & Erdfelder, 2012), (non-)compliance with medication (Ostapczuk, Musch, &

Moshagen, 2011), intimate partner violence (Reiber et al., 2022; Moshagen et al., 2012),

doping in elite athletics competitions (Ulrich et al., 2018), pharmacological neuroen-

hancement in students (Dietz et al., 2018), drug users (Goodstadt & Gruson, 1975),

tax evasion (Houston & Tran, 2001; Musch, Bröder, & Klauer, 2001), sexual violence

(Soeken & Damrosch, 1986), illegal resource use, e.g., poaching, in a Ugandan national

park (Solomon, Jacobson, Wald, & Gavin, 2007), or — as previously mentioned — sur-

veys on the prevalence of Russians with a negative opinion towards the invasion of

Ukraine (Chapkovski & Schaub, 2022). From these examples alone, it becomes apparent

that RRMs are often applied in the context of researching criminal behavior or victim-

ization. This might be obvious, since crime is historically connected to the violation of

societal norms. Talking openly about committed crimes is socially undesirable and can

even have legal consequences. On the other hand, sharing information about personal

victimization might be very intimate or even be perceived as shameful, and is often un-

derreported in surveys (Krumpal, 2013). So, surveys on crime and victimization can be

assumed to be susceptible to social desirability bias, and should therefore be well suited

for RRM applications. Such applications inevitably overlap with the field of criminology.

1.2 Criminology: A (very) short overview

While a universally accepted definition of criminology does not exist, crime and crimi-

nal behavior are the central foci of this distinct discipline, as its name already suggests

(Hagan, 1986). The famous sociologist and criminologist Edwin Sutherland defined

criminology as the “body of knowledge regarding crime and delinquency as social

phenomena”, including “the processes of making laws, breaking laws, and reacting to

the breaking of laws” (Sutherland, Cressey, & Luckenbill, 1992, p. 3). Sutherland refers

to crime as “certain acts regarded as undesirable” that are thus “defined by the political

society as crimes” (Sutherland et al., 1992, p. 3). When such acts are committed, the

“political society reacts by punishment, intervention, and prevention” (Sutherland et

al., 1992, p. 3). According to Hagan (1986), the main topics of interest in criminology are

criminal behavior, juvenile delinquency, and victimization, as well as the etiology and

the sociology of crime. Furthermore, criminology overlaps significantly with the field of

criminal justice (Hagan, 1986).

Criminology is an empirical and interdisciplinary field of research that is influenced

by sociology, psychology, legal studies, as well as educational and political science

(Neubacher, 2020). In the Anglo-American context, criminological research is tradi-
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tionally conducted by sociologists and psychologists (Neubacher, 2020). In Germany,

however, criminological research is more heavily influenced by legal studies, with most

criminological research facilities being located at faculties of law (Neubacher, 2020).

Overall, the distinction between criminology and criminal justice as separate disciplines

is less common in Germany, and topics such as policing and crime control are central

elements within German criminological research (Neubacher, 2020).

Historically, criminology has used a wide variety of empirical research methods. For

instance, Cesare Lombroso, one of the first empirical scientists who systematically re-

searched the etiology of crime in the 19th century, used the “methods” of craniometrics

to identify “born criminals” (Becker, 2002; Hagan, 1986; Neubacher, 2020). To name

other examples, the famous Broken Windows Theory builds on a field experiment by

Philip Zimbardo (Wilson & Kelling, 2017), and some of the very influential Chicago

School’s criminological studies rely on the quantitative analysis of spatial crime data

(Snodgrass, 1976). In modern times, most standard qualitative or quantitative research

methods have been established as tools of criminological research (Neubacher, 2020).

As Sutherland’s definition indicates, social desirability plays a key factor in criminol-

ogy (Sutherland et al., 1992). It is therefore reasonable to assume that RRMs, designed

to circumvent social desirability bias in surveys, could be relevant tools for criminolog-

ical research. As described above, RRMs have been used in criminologically relevant

research as well. However, none of the cited RRM studies on criminologically relevant

topics have been conducted by criminologists or in a criminological research facility. It

seems that despite their apparent suitability, RRMs are far from being established as a

standard method in criminological research.

1.3 Objective: Randomized Response Models in criminological

research

As has been established in the section before, criminology relies on a variety of empiri-

cal research methods. In terms of quantitative methods, this primarily includes survey

and prevalence research (Neubacher, 2020). With sensitive topics such as criminal be-

havior and victimization being of central interest in this field of research, minimizing

social desirability bias should be an important concern for quantitative criminologists.

RRMs could thus offer an interesting alternative to traditional methods in criminologi-

cal survey research. Still, so far RRMs are barely employed in criminology.

Considering this, the guiding research question of this dissertation was whether

RRMs are suitable for quantitative criminological survey research. The dissertation is

based on four papers that have been published in peer-reviewed journals and that re-

volve around topics that contribute to an answer to this question. The papers refer to the
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UQM as the RRM of choice, under the assumption that the results would be somewhat

transferable and indicative of RRMs in general.

Paper 1 focused on a criminological research project on plea bargaining in Germany

and targeted the question of whether the UQM, in principle, is suited for criminologi-

cal research. Since the limited ways to formulate questions in RRMs can be suspected

to contribute to their rare use in and outside of criminological research, Papers 2 and

3 propose a novel method of prevalence measurement and combine this method with

the UQM. As insufficient comprehension of instructions might be another possible is-

sue of RRMs that prevents more practical applications, Paper 4 was based on a survey

study evaluating a possible effect of comprehension checks in the UQM. In the follow-

ing, each paper will be summarized and discussed. Afterwards, in order to answer the

central research question, the results of all four papers will be integrated in a general

conclusion.
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2 The UQM as an alternative for traditional

methods

2The question of whether RRMs could theoretically be valuable for criminological re-

search might seem trivial at first. Nonetheless, this theoretical question appears to be

thoroughly under-researched (one rare example is a short theoretical article on meth-

ods of (online-)survey research methods in criminological research by Treibel & Funke,

2004). It thus seemed reasonable to approach this question systematically. In essence,

two major conditions have to be met in order for RRMs to have the potential to be a

promising alternative to traditional survey research methods. The first condition is that

the researched topic should be sensitive in nature — or for the surveyed population

—, so that participants might be susceptible to responding in a socially desirable way.

If there is no risk of social desirability bias, the costs of RRMs in terms of additional

sample size and statistical noise outweigh the benefits. This directly implies the second

condition: RRMs are a valuable option only if it can be expected that a certain sample

size is available.

Considering the role of these two conditions, Paper 1 analyzed whether both condi-

tions were met in a specific criminological research project that was used as a case study.

This project was previously conducted at the Institute of Criminology in Tübingen. The

original survey data which used traditional direct questioning was re-analyzed in terms

of the research question at hand. The goal of this form of case study was to determine

a) whether a social desirability bias might have occurred in the original study, and b)

whether the original sample was theoretically suitable for UQM application.

2.1 Need for anonymity in criminological survey research

The original project the article was based on was initiated by the German Federal

Ministry of Justice (“Bundesministerium der Justiz”, BMJ). This research project eval-

uated a German law from 2009 that regulates plea bargaining in criminal cases (“Ver-

ständigung im Strafverfahren”). The project’s main research question was to determine

2This chapter is based on Paper 1 of the four underlying publications (Iberl & Kinzig, 2022), see Ap-
pendix A.
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whether the legal regulations were sufficiently adhered to in practice.3 Starting point of

the project was a decision by the German Constitutional Court (“Bundesverfassungs-

gericht”, BVerfG) in 2013. It ruled that the plea bargaining law is in principle conforming

to constitutional law — however, it suspected that violations of the respective regula-

tions might be widespread and obliged the Ministry of Justice to continuously evaluate

how closely the plea bargaining law is complied with in practice. Therefore, the Ministry

of Justice commissioned a research alliance of three teams from the University of Frank-

furt/Main, University of Düsseldorf and the Institute of Criminology at the University

of Tübingen to carry out this evaluation. Using different methodological approaches,

the research alliance published its findings in 2020 — with the main result being that

illegal plea bargaining was still occurring in Germany on a regular basis (Altenhain,

Jahn, & Kinzig, 2020).

In this context, the Institute of Criminology conducted a quantitative online survey,

interviewing 1,567 judges, defense attorneys and prosecutors (Kinzig, Iberl, & Koch,

2020). A surprising result of this survey was that the answers of the participants varied

significantly depending on their occupation: According to defense attorneys, illegal plea

bargaining was much more prevalent than according to judges and prosecutors. While

the assessments of judges and prosecutors were quite similar overall, judges reported

the least violations. For example, when asked about how often they engaged in illegal

plea bargaining, 45.5% of defense attorneys selected the option “often” or “very often”.

For prosecutors and judges, this percentage was only 15.5% and 11.1%, respectively.

Similar response patterns were found throughout the whole 46 items of the survey: De-

fense attorneys selected the socially undesirable options considerably more often, while

prosecutors and judges apparently tended more towards socially desirable answers.

Hence, social desirability bias might be a possible explanation for the response pat-

tern at hand. After all, illegal procedures in legal practice, including illegal plea bargain-

ing, are most probably viewed negatively by society. Besides, the respective questions

should be perceived as sensitive by legal practitioners, since violations of plea bargain-

ing regulations could have serious professional and/or legal consequences for them.

As previously mentioned, expecting such repercussions might lead to socially desirable

responding (e.g., Krumpal, 2013; Rasinski et al., 1999; Lee, 1993; Tourangeau & Yan,

2007). The strength of this effect can apparently vary between different populations

(Tourangeau & Yan, 2007); so, judges and prosecutors might be more susceptible to

social desirability bias than defense attorneys.

Naturally, the tendency of judges — and, to a lesser extent, prosecutors — towards

3It is questionable how fitting the term of plea bargaining is in the German context, since the history and
importance of this concept is significantly different in Germany compared to Anglo-American coun-
tries (Hodgson, 2015; Langbein, 2022). While this term describes a consensual alternative to criminal
proceedings in both contexts, the possibilities in the German “Verständigung” are much more restricted
compared to plea bargaining in other countries, e.g., the United States.
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more socially desirable response options is not in itself proof of the existence of social

desirability bias. Within this study, however, there were some additional indicators that

point towards social desirability bias playing an important part in the response behavior

of the participants.

First, the varying responses between professions regarding the prevalence of illegal

plea bargains hint towards the existence of some kind of bias. This is due to the fact

that all three professional groups are required in order for a plea bargain to come into

effect. Plea bargains, legal or illegal, are only effective when all parties agree to them.

Since the judges are responsible for the verdicts in German law, excluding the judge

from a plea bargain would be rather pointless as it would for example not guarantee

the lower sentence the defense might aim for. On the other hand, excluding either the

prosecution or the defense from any bargain would carry the risk of the excluded party

to appeal the judgement, moving the trial to a higher court. As a consequence, one

would expect all professions to participate more or less equally frequently in illegal

and legal plea bargaining. That the resulting response pattern differs greatly between

professions is therefore illogical in itself — the responses have to be influenced by some

kind of third factor. This might be a first hint towards the existence of social desirability

bias. Still, other explanations are possible as well: Perhaps there is a disconnect between

defense attorneys and the other groups regarding their understanding of the relevant

regulations, causing defense attorneys to wrongfully interpret some bargains as illegal.

Such alternative explanations cannot be ruled out entirely. However, more results point

towards a social desirability bias influencing the results.

Second, some substantial differences were found between the judges’ and prosecu-

tors’ self-perception and the perception of those professional groups by the respective

others. In one question of the survey, participants were asked how often illegal plea

bargains were initiated by the prosecution, the defense, the defendant, or the court. The

results showed that judges, prosecutors, and defense attorneys all assumed a very sim-

ilar prevalence of plea bargaining initiatons by the defense. However, both judges and

prosecutors rated initiations of illegal plea bargains by their own professional group

as less prevalent than members of the other professions. This pattern was most clear

with respect to illegal plea bargains initiated by the courts: Less than 30% of judges but

around 50% of prosecutors and 60% of defense attorneys stated that such initiations

were “frequent” or even “very frequent”. Such differences between self-perception and

the assessments of third parties could be a hint towards socially desirable responding.

Third, the participants’ responses differed significantly between professional groups

when queried about the perceived risk of professional and/or criminal consequences

due to illegal plea bargaining. The surveyed judges rated the risk of both consequences

as greater than defense attorneys and prosecutors. Once again, defense attorneys re-
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sponded in a socially undesirable way most often, rating both risks lower than members

of the other professions. As previously explained, the fear of negative consequences to

honest answers seems to play an important role in the occurrence of social desirabil-

ity bias (e.g., Krumpal, 2013; Rasinski et al., 1999; Lee, 1993; Tourangeau & Yan, 2007).

Judges and prosecutors apparently fear negative consequences more than defense at-

torneys, which could help explain the suspected social desirability bias.

Fourth, judges and prosecutors chose evasive response options, such as “don’t know”,

considerably more often across all questions (14.3 times and 13.6 times, respectively)

than defense attorneys (6.8 times). This could be explained by judges and prosecutors

feeling more anxious, or less anonymous, or because they perceive the questions as

more delicate compared to defense attorneys. While other explanations come to mind

as well — maybe the defense attorneys, who are not professionally bound to certain

court districts or regions, are able to answer more questions on average because their

professional day-to-day varies more than the one of a judge or prosecutor —, this can be

interpreted as another hint towards the existence of a social desirability bias, especially

in combination with the aforementioned findings.

Why prosecutors and especially judges might have perceived the survey as more

sensitive than defense attorneys can be explained quite easily. For one, some respon-

dents might have considered the possible indirect consequences that this survey could

cause — after all, the survey was part of the evaluation of the plea bargaining law

commissioned by the Federal Ministry of Justice. Most of these possible consequences,

e.g., stricter regulations or control mechanisms, would probably have the biggest im-

pact on judges and, to a lesser extent, on prosecutors. After all, judges in Germany

speak the sentence in criminal law and are thus mainly responsible for guaranteeing

the lawfulness of criminal proceedings. Prosecutors on the other hand were named as

“guardians” of the plea bargaining regulations by the German Constitutional Court. A

high prevalence of illegal plea bargaining could therefore be interpreted as a failure of

the prosecution to fulfill this role. Additionally, both of these professional groups have

been famously understaffed in recent years (e.g., Koerth, 2019). The mentioned possi-

ble indirect consequences would probably lead to even more work for these groups,

not necessarily accompanied by additional staffing. Lastly, contrary to defense attor-

neys, judges and prosecutors are servants of the state, and are very well respected in

society (forsa, 2023) — which is why the public expectations towards judges and pros-

ecutors are (understandably) high. Meanwhile, defense attorneys can be assumed to be

motivated by economic factors more often. Other than judges and prosecutors, defense

attorneys do not represent the state, but their clients’ interests in the court of law — usu-

ally in opposition to the authorities. That said, it seems natural that public expectations

and social and professional norms differ substantially between defense attorneys on the
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one, and judges and prosecutors on the other hand. This could have led to judges and

prosecutors perceiving the survey on plea bargaining as more sensitive than defense

attorneys, leading to the suspected social desirability bias.

In conclusion, social desirability bias seems to be a very likely explanation for the

varying results between the professional groups, with judges being the most susceptible

to socially desirable responding. Hence, the first condition for the usage of RRMs, which

is the possibility of response bias due to questions being perceived as sensitive, was

apparently fulfilled in this survey study.

2.2 Fulfillment of the mathematical requirements of RRMs

Besides the sensitivity of the survey questions, some mathematical conditions need to

be met in order for RRMs to be an improvement to traditional methods. As explained

above, a major drawback of RRMs is the greater statistical noise, which means that

additional efforts have to be made to reach the same statistical power as traditional

methods. Generally, this is achieved through bigger sample sizes.

Besides, it is necessary to mention that most RRMs are based on the assumption that

the randomization device and higher level of anonymity lead to 100% honest responses.

However, some studies showed that even with the level of anonymity offered by RRMs,

not all respondents answer truthfully. Certain RRMs specialized on this issue, intro-

ducing additional model parameters which enable the estimation of the prevalence of

cheaters, i.e., respondents who do not answer honestly, but opt for self-protective an-

swers instead (e.g., Clark & Desharnais, 1998; Reiber et al., 2020).

So, while big samples are a necessary condition for successful RRM applications,

instruction adherence might be important as well. In the paper at hand, both factors

were taken into account to answer the question of whether the survey on the practice of

plea bargaining would have been well-suited for UQM application from a mathematical

standpoint.

To start off, we carried out multiple simulations of UQM applications based on the

judges’ answers and sub-sample size. The central variable of the simulations was the

estimate of lifetime prevalence of illegal plea bargaining in the judges’ personal practice

(29.4%, or π0 = .294). The main focus was to test under which circumstances there

would be a significant difference between this estimate and the estimate of a UQM

application using the parameters q = .5 and p = .67. To do so, we calculated the power

of the underlying statistical tests (one-sided 95%-confidence intervals) and manipulated

the values for the sample size N, the true prevalence πs, and the proportion of self-

protective answers (0 to 60%). Additionally, we compared the performance of the UQM

to that of the UQMC, the cheating extension to the UQM (as proposed by Reiber et al.,
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2020).

As a result, we found that a UQM application would have been feasible given the sam-

ple size of the study. Even under the assumption of a considerable amount of cheaters,

the UQM performed quite well in many scenarios. For instance, with 20% cheaters and

a true value of πs = .587 (lifetime prevalence of the whole original sample for “illegal

plea bargaining by hearsay”), a significant difference to the estimate of π0 = .294 could

have been detected with a sample of N = 200 and with a statistical power of 1 − β = .8.

As another example, it would have been possible to detect a difference to the original

estimate in the original sample of judges (N = 558) even if there were 10% cheaters and

if the true value for illegal plea bargaining in the judges’ practice were πs ≈ .47, with

a power of 1 − β = .9. Unsurprisingly, the UQMC was superior to the UQM only in

simulated cases where the proportion of cheaters was high. In such cases, the UQMC

needed bigger sample sizes than those available in the original study to reach satis-

factory power levels. However, this is more of an indicator for the UQMCs complexity

compared to traditional methods and simpler RRMs than it is an indicator for the su-

periority of traditional methods — such high proportions of protective answers would

render any DQ result invalid regardless of the available sample size.

Overall, the case study showed that a UQM application would be suited as an al-

ternative to the traditional approach used in the underlying study for measuring the

prevalence of illegal plea bargaining from judges’ survey responses.

2.3 Discussion

As shown in the presented Paper 1, two main conditions for successful UQM applica-

tion, namely the risk of a social desirability bias occurring and a sufficient sample size,

were met in the underlying survey study on legal practitioners. Thus, it would have

been promising to apply the UQM in the original survey, or to do so in similar future

surveys. While this case study cannot claim to be representative for the entirety of crim-

inological survey research, it allows for the conclusion that RRMs possess the potential

to be a genuine alternative to traditional methods in some criminological studies. First,

in the context of criminological research there undoubtedly exist countless other sensi-

tive topics and questions besides illegal plea bargaining. Therefore, it seems plausible

that socially desirable response behavior might influence many criminological survey

studies. Second, many criminological research projects have access to rather big sam-

ples that should be sufficient for RRM applications (e.g., in the studies of Birkel, Church,

Erdmann, Hager, & Leitgöb-Guzy, 2020; Dreißigacker & Riesner, 2018; Ellrich & Baier,

2015; Lutz, Stelly, Bartsch, Thomas, & Bergmann, 2021; Treibel, Dölling, & Hermann,

2017; Kerner, Stroezel, & Wegel, 2011).
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Despite their theoretical suitability for criminological research, RRMs are rarely used

in this field. As already mentioned, there exist some studies in which RRMs were used

to research criminologically relevant topics (e.g., Dietz et al., 2018; Reiber et al., 2022;

Goodstadt & Gruson, 1975; Houston & Tran, 2001; Musch et al., 2001; Soeken & Dam-

rosch, 1986; Solomon et al., 2007; Wolter, 2012; Ulrich et al., 2018). However, none of

the cited studies was conducted by criminological research facilities. Thus, the question

remains why RRMs are not used more often in criminological survey studies when they

should in many cases be both mathematically and theoretically suitable for application.

One possible answer to this question is that RRMs might simply not be well known

in criminology. This would come to no surprise, as RRMs are generally not widely used

in comparison to more traditional methods. Especially in Germany, where criminology

is strongly rooted in criminal law and legal studies (Neubacher, 2020), the rare use of

non-standard quantitative methods is to be expected.

Another possible explanation could lie in the complexity of RRMs which goes hand in

hand with some impractical properties. First, the large sample sizes needed for sufficient

statistical power come to mind. Even though lots of criminological research projects

have access to big samples, the additional statistical noise in RRM applications is con-

siderable. Second, using RRMs instead of DQ in surveys is more complex not only for

the researchers but also for the respondents. This leads to increased efforts and amounts

of time spent for both sides. Third, while they enable completely anonymized question-

ing, most RRMs reduce this possibility to simple yes/no-questions. This naturally limits

the information that can be gained from such RRM applications.

Both RRMs not being well known and their inherent impracticabilities are probably

relevant factors for their rare use in criminology. That many RRM applications are de-

signed to be limited to simple yes/no-questions might be especially important in this

context, as it significantly reduces the information one can gain from asking questions

in RRM designs.4 An example for this drawback of RRMs can be found in the discussed

Paper 1: In the underlying study, the respondents were asked about the frequency of

certain behaviors (e.g., illegal plea bargaining) and could answer by selecting options

such as “very frequent”, “frequent”, “rarely”, or “never”. However, for the post-hoc

simulations regarding UQM applications, a simplification was necessary which is why

the lifetime prevalence (including the options “very frequent”, “frequent” and “rarely”)

was derived from the original results. Clearly, some information is lost here.

Therefore, a researcher applying classical RRMs with yes/no-questions generally has

to consider very carefully how they phrase those questions to gain a maximum of in-

formation. It gets particularly difficult when one wants to measure the prevalence of

4Some RRMs tackle this problem, enabling anonymized question formats with multiple response options;
however, they are generally even more inefficient than classical RRMs (e.g., De Jong, Pieters, & Fox,
2010; Greenberg, Kuebler Jr, Abernathy, & Horvitz, 1971).
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certain events rather than, e.g., opinions, since a question inferring about the occur-

rence of an event always refers to a certain time frame. For example, one could ask

whether the participant shoplifted within a specific time frame, e.g., in the last week,

month, year, etc. Alternatively, one could only ask about the lifetime prevalence of the

behavior of interest, e.g., whether the participant has ever shoplifted before. However,

the concept of lifetime prevalence is rather vague and does not yield reliable informa-

tion about the current situation (see e.g., Fiedler & Schwarz, 2016). Although this is not

a problem exclusive to RRMs, but to prevalence research in general, a solution to this

problem might especially benefit RRMs, as their reliance on yes/no-questions cannot

be circumvented easily. In the following, such a potential solution is presented and then

applied to the UQM.
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3 An overarching problem: Prevalence

estimation using time-constrained

yes/no-questions

5Most RRMs rely on yes/no-questions. When measuring prevalence of events or behav-

ior with such a question, one has to select a time frame which the question refers to,

for example: “Have you committed shoplifting during the last week?”. In the following,

such questions will be called time-constrained yes/no-questions.

Not only RRMs rely on this type of question; time-constrained yes/no-questions are

generally widely used in survey research (e.g., Andrie et al., 2019; Beck et al., 2021;

Birkel et al., 2020; Burr, Butland, King, & Vaughan-Williams, 1989; Han, Compton,

Gfroerer, & McKeon, 2015; Isolauri & Laippala, 1995; Linton, Hellsing, & Halldén, 1998;

McCabe, Cranford, & Boyd, 2006; McKetin, McLaren, Lubman, & Hides, 2006; Sawyer,

Smith, & Benotsch, 2018; Virudachalam, Long, Harhay, Polsky, & Feudtner, 2014; Wit-

tenberg, Reinecke, & Boers, 2009). The popularity of such questions might be rooted

in their simplicity: Yes/no-questions are both very easily understood and quickly an-

swered by respondents. Plus, they result in simple, dichotomous data which is easy to

analyze and interpret.

However, time-constrained yes/no-questions come with one clear disadvantage: the

limited information one can gain from them. In general, when conducting prevalence

research, two kinds of information are central. First, one wants to find out how many

people engage in a certain behavior — for example, how many people are shoplifters.

Second, one wants to know how often those people exhibit the behavior of interest — so,

in our example, how frequently a shoplifter shoplifts. Hence, one is interested in both

the proportion of shoplifters and in the rate of shoplifting offenses committed by them.

The limited information of time-constrained yes/no-questions is relevant to the mea-

surement of both the proportion of trait carriers, and the rate of a given behavior. For in-

stance, Wittenberg et al. (2009) conducted a longitudinal study on youth delinquency in

Germany. Among other questions, the authors used a time-constrained yes/no-question

to ask respondents whether they shoplifted within the last year. Their 2006 sample from

5This chapter is based on Paper 2 of the four underlying publications (Iberl & Ulrich, 2023), see Ap-
pendix B.
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the city of Duisburg reported a past-year prevalence of 6% for shoplifting. Obviously,

this percentage in itself does not yield any information about the rate of shoplifting.

The information on the proportion of shoplifters is ambiguous as well: There might be

shoplifters in the sample who did not shoplift in the past year.

Naturally, there exist different methods to solve both problems, i.e., to enable the

measurement of the proportion of trait carriers and of the underlying rate. For example,

to measure the proportion of trait carriers, one could simply ask participants whether

they would describe themselves as shoplifters, without referring to a certain time frame.

This could be problematic — not only due to the risk of social desirability bias but also

because participants’ individual definitions of “being a shoplifter” might differ and be

quite subjective.

Regarding the rate, one could simply ask participants how often they shoplifted dur-

ing a certain time frame, e.g., “How often have you committed shoplifting during the

last week?” (this method is widely used in prevalence research as well, see e.g., Cullen

et al., 2018; C. Miller et al., 2020; Molinaro et al., 2018; Seitz, Rauschert, Atzendorf, &

Kraus, 2020; Soga, Evans, Tsuchiya, & Fukano, 2021). While this method is certainly

suited for the measurement of rates, it still faces the problem of how to measure the

proportion of trait carriers. Additionally, compared to simple yes/no-questions, such

questions are probably harder and more time-consuming for participants to answer,

because they have to recall multiple events instead of only one.

Considering these issues, Paper 2 introduced a novel method that allows for both the

measurement of the proportion of trait carriers and the rate of the underlying behavior

while still employing straightforward time-constrained yes/no-questions.

3.1 The Poisson model as a possible solution

The in Paper 2 proposed solution to the problem of ambiguity inherent to time-

constrained yes/no-questions is a statistical model based on a Poisson process. The core

assumptions of the model are twofold: The behavior in question occurs approximately

independent of time and is equally distributed across all trait carriers. Considering the

aforementioned example of shoplifting, this would mean that the probability of shoplift-

ing within a certain time frame is equal for all shoplifters. When these assumptions are

met, the behavior of shoplifting can be modeled via the Poisson distribution.

The precondition for an application of this Poisson model is to divide the participants

into at least two groups. Each group gets a yes/no-question referring to the same be-

havior of interest. However, the time frame t the questions refer to is varied between

groups. For instance, with three groups, the question for group 1 could be: “Did you

shoplift during the past week?”, the question for group 2, “Did you shoplift during the
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past month?”, and the question for group 3, “Did you shoplift during the past three

months?”. Or, mathematically speaking, with the unit of t being weeks, one would de-

fine t1 = 1, t2 = 4, and t3 = 12. In this way, simple yes/no count data is collected for

each of the groups.

Figure 3: Probability tree of the proposed Poisson model

C “no”
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1 − π

C

“no”
P(N(t) = 0)

“yes”
P(N(t) > 0)

π

Note. The sample is divided into carriers C and non-carriers C by the parameter π,
describing the probability of a random participant being a carrier of the researched
attribute. Non-carriers answer “no” with a probability of 1. Carriers answer “yes” with
a probability of P(N(t) > 0) or “no” with a probability of P(N(t) = 0).

The proposed Poisson model is depicted in Figure 3. The upper branch of the proba-

bility tree represents the already established carriers, so people who in principle engage

in the behavior in question — for instance, shoplifters. Their proportion of the underly-

ing population is described by the parameter π.6 On the other hand, the lower branch

of the probability tree represents non-carriers, i.e., people who do not engage in the

behavior in question. Or, in the example at hand, participants of the survey who do

not shoplift. The probability of a random participant being a non-carrier is the counter

probability to π, so, 1 − π. It is assumed that non-carriers will answer “no” regardless

of the time frame ti referred to in the question.

As the answer of the carriers will depend on the time frame ti, the upper branch is

divided into two further branches: There are carriers who have exhibited the behavior

at least once in the time frame included in the question (N(t) > 0) and therefore would

answer “yes” . Carriers who have not shown the behavior in the time frame in question

(N(t) = 0) would answer “no” , respectively. With the assumptions presented above,

N(t) is a Poisson-distributed random variable with the intensity parameter λ. In the

6The parameter π is called p in the original research paper. However, since p denotes the probability of
drawing the sensitive question in the UQM, p will be called π in the following, since the parameter π
in the UQM also describes the proportion of trait carriers.
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Poisson model, λ corresponds to the rate of the behavior in question. The probability

P(N(t) = k) that a carrier showed the behavior in question, e.g., shoplifting, k times

during the time interval t can thus be described as

P(N(t) = k) =
(λ · t)k · e−λ·t

k!
. (3.1)

For k = 0, this probability is

P(N(t) = 0) = e−λ·t. (3.2)

The probability of a random participant responding with “yes” to the time-constrained

yes/no-question can be denoted as

P(“yes” |t) = π · P(N(t) > 0), (3.3)

or

P(“yes” |t) = π · [1 − P(N(t) = 0)]. (3.4)

Inserting Equation 3.2 yields

P(“yes” |t) = π · (1 − e−λ·t). (3.5)

This prevalence curve describes the progression of the prevalence of the behavior in ques-

tion relative to the time t.

As evident from the prevalence curves shown in Figure 4, the curves’ asymptote is

determined by the parameter π. Meanwhile, the slope of the curves is defined by the

intensity parameter λ. The parameter π is to be interpreted directly as the proportion

of trait carriers. The parameter λ is more difficult to interpret. It has the dimension

[time unit]−1 and refers to the time unit used as the baseline for the design parameter

ti, e.g., weeks. For example, if λ = 2, the behavior in question occurs twice per week

on average. Thus, the inverse of λ yields the time intervals in which the behavior of

interest occurs. In the given example, the behavior in question occurs every 1
λ=2 = 0.5

weeks.

When at least two different groups of participants are surveyed on their behavior

during distinct time frames ti, it becomes possible to estimate both parameters π and

λ, e.g., through the maximum likelihood procedure. Adding a third group enables the

possibility of testing model fit.

To summarize, via estimation of π and λ, the Poisson model allows one to derive

information on both the proportion of trait carriers and the rate of the behavior in ques-

tion, while still utilizing standard, easy-to-answer time-constrained yes/no-questions.

Additionally, it becomes possible to predict the prevalence of a behavior within an ar-
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Figure 4: Example prevalence curves with λ1 = 1.5, λ2 = 0.1, π1 = 0.3, and π2 = 0.7.
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bitrary time frame, even if no data was collected for this particular time frame.

The Poisson model was first applied in a survey study presented in Paper 2. A sample

of 872 students of Tübingen University — 839 after exclusions — were divided into three

groups and queried about six types of everyday behavior. They were asked whether...

1. ...they watched the weekly sports program Sportschau,

2. ...they watched the weekly crime thriller Tatort,

3. ...they ate pizza,

4. ...they drank coffee,

5. ...they congratulated a relative on their birthday, and

6. ...they participated in another survey

...within a certain time frame. The respective time frame per question varied between

groups: The questions for group 1 referred to the past week, those for group 2 to the

past month and those for group 3 to the past three months.
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Table 1: Sample data collected for the six questions regarding every-
day behavior.

time frame

Question last week last month last three months

sports program “yes” 27 48 65
“no” 256 236 207

crime thriller “yes” 22 59 69
“no” 261 225 203

pizza “yes” 131 250 257
“no” 152 34 15

coffee “yes” 171 190 188
“no” 112 94 84

birthday wishes “yes” 77 191 239
“no” 206 93 33

other surveys “yes” 53 140 194
“no” 230 144 78

Table 1 shows the observed sample data, i.e., the amount of “yes” and “no” answers

per group and question. The predicted prevalence curves in Figure 5, together with the

estimated parameter values and G-tests depicted in Table 2 as well as comparisons with

data from third parties, support the claim that the proposed procedure is well suited to

model the prevalence of everyday behavior.

Some additional Monte Carlo simulations (presented in Appendix D of the origi-

nal paper) revealed that the accuracy of the method is not only dependent on sample

size and the true values of π and λ but also on the time frames ti chosen for the ap-

plication. Generally, the Poisson model performed well in simulations on parameter

retrieval. However, estimation of π is better when the points of measurement lie on the

asymptote of the assumed true prevalence curve. On the other hand, estimation of λ

improves when shorter time frames are used, so that the slope of the true prevalence

curve is captured by the points of measurement. Before applying the Poisson model, it

might therefore be useful to conduct pilot studies or to rely on third party data on the

researched behavior. When the behavior is expected to have a high rate λ, at least one

group should be queried about the behavior within a rather short time interval. In turn,

when it is to be expected that a high proportion of participants engage in the target

behavior, at least one of the employed time frames should refer to a rather long time

interval.

In conclusion, the Poisson model seems to be a promising alternative to traditional

methods for researchers interested in measuring the prevalence and the rate of a be-

havior. As Paper 2 showed, the model seems suitable for surveys on everyday — so,
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Figure 5: Observed proportion of “yes” answers and prevalence curves for the sample
data in Table 1.
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Note. The error bars represent 95% confidence intervals.

non-sensitive — behavior. A particular strength of the model rests in the simplicity of

the employed time-constrained yes/no-questions. Thus, it is possible to present par-

ticipants with a multitude of such simple questions, while simultaneously extracting

information on a higher level via the parameters π and λ.

Theoretically, the approach of the Poisson model could benefit any field of prevalence

research, including quantitative criminology. Obviously, there is still a need for more re-

search to examine how valid and valuable applications of the Poisson model truly are.

Its simplicity which could be seen as a weakness due to the strict core assumptions
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might actually be a strength of the model, as it allows for flexible adaptations or ex-

tensions. For instance, one could use alternatives to the Poisson distribution in cases

where different probability distributions are better suited (e.g., to model relapse behav-

ior, the exponential distribution might be promising). Additionally, in order to improve

the Poisson model for measurement of sensitive behavior, it seems promising to pair it

with RRMs. In Paper 3, a “Poisson extension” to the UQM was proposed and tested.

3.2 The Poisson extension to the UQM

7In Paper 3, we proposed a combination of the UQM with the Poisson model de-

scribed previously. We called this model combination the Poisson extension to the UQM,

or UQMP. The goal of the UQMP is to disambiguate the UQM’s estimations of a be-

havior’s prevalence when using time-constrained yes/no-questions. When applying the

original UQM to measure a behavior’s prevalence, the parameter π simply represents

a time-constrained prevalence of the behavior in question. However, in the UQMP, π is

equivalent to the parameter π in the Poisson model, representing the proportion of trait

carriers independent of time. Additionally, it enables the measurement of the behavior’s

rate λ. With this extension, the UQM gains the benefits of the Poisson model without

losing its essential strength of guaranteeing complete anonymity for participants.

The combination of both models is shown in the probability tree in Figure 7. As in

the original UQM, the tree first splits into two branches: One branch represents the

participants drawing the sensitive question (S) with the probability p, while the other

branch represents the participants drawing the neutral question (N) with the counter

probability 1 − p. Like in the UQM, the bottom branch then splits into two further

branches which represent the outcomes of a yes-response (with the probability q) and a

no-response (with the counter probability 1 − q). After the first node, the upper branch

is basically equivalent to the original Poisson model.

As in the Poisson model, the UQMP requires the sample to be split into at least two

groups, and more than two to test model fit. In each group, the sensitive question of the

UQM refers to a different time frame ti. The parameters λ and π can be estimated via

the maximum likelihood procedure. Like in the original UQM, p and q are constants set

by design.

In the UQMP, the probability of a random participant responding with “yes” is given

by

P(“yes” |t) = p · π · (1 − e−λ·t) + (1 − p) · q. (3.6)

Note that this probability does not describe a prevalence curve because the yes-

7This section is based on Paper 3 of the four underlying publications (Iberl, Aljovic, Ulrich, & Reiber,
2024), see Appendix C.
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Figure 6: Probability tree of the UQMP

N

“no”
1 − q

“yes”
q1− p

S

C “no”
1

1 − π

C

“no”
P(N(t) = 0)

“yes”
P(N(t) >

0)

π

p

Note. The sample is divided into two groups. First, respondents drawing the sensitive
question (S), and second, respondents drawing the neutral question (N), with the prob-
abilities of p and 1− p, respectively. A respondent who draws the sensitive question is a
trait carrier (C) with a probability of π, or a non-carrier (C) with the counter probability
1 − π. Non-carriers will respond with “no” with a probability of 1. With a probability
of P(N(t) > 0), a carrier will give a yes-answer to the sensitive question. P(N(t) = 0)
describes the counter probability of a carrier giving a no-answer to the sensitive ques-
tion. As in the standard UQM, the probabilities for respondents who drew the neutral
question to answer with “yes” or “no” are q and 1 − q, respectively.

responses of participants drawing the neutral question are also represented in this

equation. Instead, the conditional probability of a yes-response, given one draws the

sensitive question, is the equivalent of the prevalence curve in the UQMP, that is

P(“yes” |t, sensitive question) =
P(“yes” |t)− (1 − p) · q

p
, (3.7)

which is equal to the prevalence curve of the standard Poisson model (see Equation 3.5)

after inserting Equation 3.6.

In the presented Paper 3, the UQMP was applied in a survey on the prevalence of

drinking and driving in Germany, and compared to its DQ equivalent, the original

Poisson model.



3 An overarching problem: Prevalence estimation using time-constrained yes/no-questions 37

Generally, and maybe surprisingly so, the prevalence of drinking and driving in Ger-

many is fairly under-researched. The most elaborate research on this behavior was con-

ducted by Krüger and Vollrath (1998), who, with help of the police, randomly pulled

over drivers from traffic and measured their blood alcohol level (BAC). In this roadside

survey, they found that 1.2% of the tested drivers had a BAC higher than 0.05% and

therefore violated German traffic law. It is not quite clear how indicative these study

results are for the prevalence of drinking and driving in the modern day. For one, the

study was conducted more than 25 years ago, so the findings might not be transferable

to the current situation. Furthermore, as the roadside survey was conducted only on

specific days, times, and places, it is possible that the researchers “missed” some drunk

drivers who deliberately avoid driving in certain areas or at certain times in order to

minimize the risk of getting caught. More recently, Goldenbeld, Torfs, Vlakveld, and

Houwing (2020) researched the prevalence of drunk drivers in multiple countries, in-

cluding Germany. They conducted an online survey, employing direct questions to ask

participants whether they might have violated the traffic law in regards to drinking and

driving. They found a past month prevalence of 9%. In another study, presented later

in Paper 4, the UQM was used to measure the lifetime prevalence of “driving under the

influence while accepting the possibility of a rule violation” in students, resulting in an

estimate of 44% (Iberl, 2021).

So, while some studies measured the prevalence of drinking and driving in Germany

using different methods, the respective results vary greatly. Additionally, none of the

studies measured the proportion of trait carriers independently of time or the rate of the

behavior. So, applying the approach of the Poisson model to this field of research and

comparing DQ to the UQM(P) seemed very promising. We expected that the UQMP

would be suitable for measuring these variables. Also, assuming that drinking and

driving is a sensitive topic for participants, we hypothesized that the UQMP would

yield a higher estimate for the proportion of carriers than the standard Poisson model

(using DQ).

Relying on the service of the market research company bilendi, we surveyed a sample

of N = 3, 529 (after exclusions) that was drawn to be representative for German mo-

torized traffic participants in regards to age and gender. The sample was split into two

groups, one smaller group (n = 878) for application of the standard Poisson model, and

one larger group (n = 2, 651) for the UQMP application. Obviously, since the UQM is

less efficient than DQ, the UQMP is less efficient than the standard Poisson model as

well, thus a bigger sample is needed. A priori simulations led to the conclusion that four

time frames would most probably yield the most valid UQMP estimations. Hence, each

of the two groups was again divided into four subgroups in which the time frame ti

the sensitive “drinking and driving” question referred to was varied. Overall, the study
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Table 3: Sample data for the question on
drinking and driving for each group.

group time frame n “yes” “no”

UQM one week 672 283 389
one month 670 272 398
six months 654 276 378
one year 655 277 378

DQ one week 210 20 190
one month 221 23 198
six months 215 17 198
one year 232 22 210

employed a 2 x 4 between-subjects design (DQ or UQM x drinking and driving in the

past week, past month, past six months or past year).

Participants in the four UQM subgroups were asked to think about a person whose

date of birth they knew. Afterwards, the following UQM design was presented to them:

Is the birthday of the person you thought about between the 1st and 10th day of the respective

month? Then please answer question A honestly.

Is the birthday of the person you thought about between the 11th and 31st day of the respective

month? Then please answer question B honestly.

Question A: Is the birthday of the person you thought about in the first half of the year, so before

the 1st July of a year?

Question B: Did you drive a motorized vehicle (a car, motorcycle, scooter, etc.) in the last

week/month/six months/year while being drunk or knowing that you had too much to drink?

In the DQ group, participants were directly presented with the sensitive question.

To ensure that the UQM functioned as intended, a control question was presented

following the drinking and driving question. Depending on the group, participants

were asked whether their eye color was blue either via DQ or the UQM. In theory, as

this question was assumed to be neutral in nature, the resulting prevalence estimates

should not differ between groups.

Table 3 and Figure 7 present the main results of the study. Clearly, the proportion of

yes-answers to the drinking and driving question is much higher in the UQM-group,

with a π estimate for trait carriers of .388 versus .096 in the DQ-group. At first glance,

this seems to reflect the superiority of RRMs when asking sensitive questions, leading to

more valid results in the UQM-group compared to those in the DQ-group which could
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Figure 7: Prevalence curves for the parameter estimates in the UQMP and the standard
Poisson model.
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Note. The points represent the proportion of yes-responses (to the sensitive question)
per time frame. Error bars represent 95% confidence intervals.

be biased due to socially desirably responding. However, this interpretation could be

misleading in this case, as two results point towards methodological problems within

the study.

First, the responses shown in Table 3 do not vary based on the time frame used in

the questions — neither for the UQM-group, nor for the DQ-group. This causes the

prevalence curves in Figure 7 to rise very steeply and to already reach the asymptote

π on the first point of measurement (t1 = 1
4 months). In turn, this leads to the upper

boundary of the λ estimates for both groups to reach the limit of λ = 10 set in the

parameter estimation algorithm. Considering this, a line would be more fitting than

a curve to describe the data. Theoretically, when the true data is indeed a horizontal

line, λ could be infinite. Hence, while such high λ values suggest a very high rate of

this behavior on paper, the estimates should be interpreted carefully. It is unclear why

this result occurred. Maybe the data is indeed valid, indicating that almost all drunk
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drivers in Germany show the behavior in question very frequently. Another explanation

is that many participants did not read the questions carefully enough, causing them to

overlook the time frame referred to in the question on drinking and driving. Random

or careless responding might explain this result as well; however, this explanation could

not be supported by post-hoc analyses. For one, we found no effects of response time on

the responses, testing the assumption that careless or random responding lead to faster

responses on average. Plus, the amount of careless or random responses that would be

necessary to lead to the presented results seems unrealistically high.

Second, the question inquiring about the respondents’ eye color revealed surprising

results. Similar to the difference between the π estimates, the eye color prevalence varied

considerably between groups: The UQM estimate (.517) was significantly higher than

the DQ (.355) estimate, even though the eye color question should be neutral and thus

yield similar results regardless of questioning technique. The reasons for this, however,

remain unclear as well. Neither response time nor order effects were found in post-hoc

analyses and an additional survey study. The most plausible explanation for the big

difference between UQM and DQ estimates in the eye color question is that the UQM

did not work as intended or that the question was not as neutral as assumed. Besides

the possibility of careless or random responding, it might be that many participants had

trouble understanding the instructions or chose to not comply with the UQM procedure

for unknown reasons. Alternatively, the very “survey experienced” participants might

not care too much about their level of anonymity in surveys that they participate in

for monetary compensation. Participants who actually do not perceive the sensitive

question as sensitive could contribute to the models not working as intended. In such

cases, the additional anonymity enabled by RRMs might be useless. Regardless of the

reasons for these surprising results, this clearly indicates that the UQM estimate of

almost 40% for the proportion of drunk drivers in Germany is too high.

Evidently, more research is needed to test under which circumstances the UQMP

functions best, or, at least, as intended. Regardless of the unexpected results, the study

showed that, in principle, a combination of the UQM and the Poisson model is feasible.

Interestingly, the Poisson model itself does not seem to be responsible for the unex-

pected results — rather, the UQM seems to have been the problem. It might be that the

online sample had something to do with the surprising results as well. Perhaps samples

consisting of recruited, extrinsically motivated respondents are less reliable than sam-

ples with intrinsic motivation to participate. Generally, surveying samples not recruited

in online panels might lead to more valid results. Overall, it still does not seem clear

how the data of survey research utilizing (commercial) online panels compares to data

generated by other sampling methods (for an overview on relevant research, see Calle-

garo, Villar, Yeager, & Krosnick, 2014). One study by Litman, Robinson, and Rosenzweig



3 An overarching problem: Prevalence estimation using time-constrained yes/no-questions 41

(2015) suggests that the level of compensation for panel participants can be influential,

with higher payment increasing data quality. Another study found that commercial

panels performed worse than Mechanical Turk, a crowd-sourcing platform by Amazon,

despite the latter being cheaper (B. Zhang & Gearhart, 2020). In future applications of

the UQMP, it might be advisable to refrain from using commercially recruited samples.

3.3 Discussion

In conclusion, the newly proposed Poisson model seems to be a promising and efficient

alternative to measure the prevalence of trait carriers as well as the rate of the under-

lying behavior of interest. While the Poisson model seems to work well in itself and

for non-sensitive questions, it showed some problems in combination with the UQM.

However, the unexpected — and, most likely, in part invalid — results of the UQMP

study seem to originate from the UQM and/or the sample used in the study rather than

from the Poisson model.

One possible explanation for the UQM not working as intended is random or care-

less responding. It is disputed how much of a problem random responding is in RRM

applications. While Walzenbach and Hinz (2019) found evidence for random respond-

ing having a major impact in an application of the CM, a validation study by Meisters,

Hoffmann, and Musch (2022a) showed that only a small proportion of their respondents

answered randomly. Wolter and Diekmann (2021) found that both random responding

and unexpected results regarding the neutral question in the CM might be responsible

for high rates of false positive answers. However, our results indicate that random or

careless responding could have been one reason for the UQM not working as intended,

but that it can not fully explain the high difference between the results of the UQM and

DQ groups.

Furthermore, the fact that the sample in this study was recruited via an online panel

might have contributed to the unexpected results. Paradoxically, settings where partici-

pants feel that their anonymity is not well protected might be especially well-suited for

RRM applications, since RRMs are assumed to work best when participants perceive

the questions at hand as sensitive (Lensvelt-Mulders et al., 2005). Participants might

value the additional anonymity more in such settings, which could increase motiva-

tion and instruction adherence. In settings where participants already feel that their

anonymity is well protected, RRMs might lose their advantage compared to DQ. This

could especially be the case when querying participants with high experience in on-

line surveys. Some research suggests that participants generally feel most anonymous

in online surveys, and/or that the social desirability bias is weakest in online surveys

(e.g., Chang & Krosnick, 2009; Holbrook, Green, & Krosnick, 2003; Kreuter, Presser, &
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Tourangeau, 2008; Robertson, Tran, Lewark, & Epstein, 2018). Even though other stud-

ies have found no differences between survey modes in terms of social desirability bias

(e.g., Dodou & de Winter, 2014; X. Zhang, Kuchinke, Woud, Velten, & Margraf, 2017),

both participants’ intrinsic motivation and instruction adherence might be higher in

personal settings compared to online surveys (e.g., Alfonsson, Johansson, Uddling, &

Hursti, 2017; Clancy & Taylor, 2016; Heerwegh, 2009). Therefore, RRMs might work bet-

ter in face-to-face settings and with samples that perceive the questions as particularly

sensitive.

Additionally, it has to be considered that the instructions of an RRM application are

undoubtedly more difficult to understand than traditional direct questions. Multiple

studies revealed that comprehension is an issue in RRM applications (e.g., De Schrijver,

2012; Hoffmann & Musch, 2016; Landsheer, Van Der Heijden, & Van Gils, 1999; Lensvelt-

Mulders & Boeije, 2007; Meisters et al., 2020; Wolter, 2012). Hence, it cannot be ruled

out that comprehension problems contributed to the unexpected results as well.

To summarize, multiple possible explanations for the UQM’s lack of validity in the

presented study, but also for RRMs’ lack of validity in general come to mind. Most

probably, a mixture of these explanations, and possibly other factors as well, lead to the

validity problems in RRM applications.

Still, since RRMs have been used successfully many times before (e.g., Dietz et al.,

2018; Lensvelt-Mulders et al., 2005; Ulrich et al., 2018), and due to their promising core

principle (see the example of its usage to survey Russians on the Russian-Ukraine war,

Chapkovski & Schaub, 2022), the UQMP should not be given up on just yet. Rather, fu-

ture research should identify the circumstances under which the UQMP leads to valid

results. If these circumstances can be found, the combination of truly anonymous re-

sponding and the advantages of the Poisson model might in many instances be worth

the large sample sizes needed for parameter estimation.

The problems with the UQM in the second “Poisson study” indicate that, after more

than 50 years since its invention (Greenberg et al., 1969), it still is not completely clear

when or why the UQM does (not) work. A review of the available literature indicates

that these problems are not exclusive to the UQM, but appear in other RRMs as well. The

following chapter focuses on comprehension as a possible key factor in the functionality

of RRMs and the UQM.
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4 Instruction (non-)adherence and

comprehension in RRM applications

8As previously established, the goal of RRMs is to offer a more valid alternative to

traditional methods when researching sensitive topics. However, in cases where their

validity is not superior, the additional statistical noise and required samples sizes are

simply not worthwhile. Historically, when comparing RRMs to DQ, a “more-is-better”-

logic was often applied (see e.g., Buchman & Tracy, 1982; Lensvelt-Mulders et al., 2005;

Umesh & Peterson, 1991): When researching a sensitive topic, one assumes the existence

of social desirability bias and thus expects that the prevalence of interest is underesti-

mated in a DQ design. Hence, when judging the performance of RRMs on the same

sensitive question, it seems logical to expect a higher prevalence estimate to be more

valid than one close to the DQ estimate.

In more recent publications, this “more-is-better”-assumption has been put into ques-

tion due to the possibility of both false positive and false negative responses occurring

in DQ as well as in RRM applications (Höglinger & Jann, 2018). In some cases, higher

prevalence estimates in RRM studies could simply occur due to false positive respond-

ing. To evaluate the validity of RRMs, strong validation studies have been carried out as

an alternative to the “more-is-better”- paradigm (Hoffmann & Musch, 2016; Höglinger

& Jann, 2018). These studies enable the estimation of false positive and false negative

responses by design. Generally, this is accomplished by choosing the sensitive question

in a way that the prevalence of yes and no answers is known or can be estimated a

priori. Multiple strong validation studies have shown that the higher prevalence esti-

mates in RRM studies can be caused by a higher proportion of false positive responses

(Höglinger et al., 2016; Höglinger & Jann, 2018; Meisters et al., 2020). This is precar-

ious for RRMs, since it questions their raison d’être of superior validity in research

on sensitive topics. Both this chapter and Paper 4 focus on the role that participants’

comprehension of instructions play for the validity of RRM applications.

8This chapter is based on Paper 4 of the four underlying publications (Iberl, 2021), see Appendix D.



44 4 Instruction (non-)adherence and comprehension in RRM applications

4.1 The theoretical importance of comprehension

While the circumstances under which false positive answers can occur in RRMs are

not yet fully understood, the most natural explanation is that some participants do not

adhere to the provided instructions. Such instruction non-adherence could either be

intentional or unintentional.

When it comes to intentional non-adherence, some participants might mistrust RRMs

for various reasons, leading to intentional self-protective responses. According to a

study by Bullek, Garboski, Mir, and Peck (2017), some participants prefer to answer

DQs over participating in an RRM design even though their anonymity is better pro-

tected in the latter. This could also lead to intentional instruction non-adherence: In

the UQM, some participants might choose to ignore the instructions and respond to

the sensitive question even when the experiment’s outcome points them to the neutral

question, basically pretending to be presented with a DQ instead of a UQM. Further-

more, some participants might even choose to respond randomly, be it due to feeling

patronized by the RRM design or due to losing interest in the comparatively complex

instructions.

In regards to unintentional non-adherence, some participants might have problems

comprehending the instructions. This could lead to unintentional false-positive or false-

negative responses, for instance, when participants do not comprehend which of two

questions they are supposed answer.

The importance of comprehension within RRMs transcends the issue of instruction

adherence, as it is key for minimizing social desirability bias. Certainly, it is not neces-

sary for a participant to understand how a researcher calculates a prevalence despite

not knowing the outcome of their random experiment. It might not even be necessary

for participants to comprehend why RRMs offer a higher level of anonymity. However,

comprehending that RRMs offer a higher level of anonymity should most definitely

be important: If a participant does not feel more anonymous when presented with an

RRM application to a sensitive topic, there is no obvious reason for them to answer more

honestly than in a DQ design. Hence, the participants’ comprehension of the increased

anonymity offered by RRMs should in theory be vital for their functionality.

While it is to be expected that many respondents are more confused by RRM instruc-

tions compared to traditional methods, some studies have shown that respondents’

lack of comprehension might be problematic for the validity of RRM applications (e.g.,

De Schrijver, 2012; Hoffmann & Musch, 2016; Landsheer et al., 1999; Lensvelt-Mulders

& Boeije, 2007; Meisters et al., 2020; Wolter, 2012). Apparently, the educational level of

the participants can constitute an important factor for instruction comprehension and

thus, compliance: Higher educated participants comprehend the instructions better on

average, leading to more valid results (e.g., Böckenholt & Van der Heijden, 2007; Hoff-
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mann & Musch, 2016; Landsheer et al., 1999; Meisters et al., 2020; Wolter, 2012).

4.2 Comprehension checks as a guarantee of validity?

One possibility to ensure that participants understand the RRM instructions is adding

comprehension aids to the survey design. Such a comprehension aid could, for instance,

include “test runs” of the employed RRM design in which the participants are asked

how a fictional participant — who is a carrier or non-carrier of the sensitive attribute —

would have to respond given a certain outcome of the randomization device.

Such a “comprehension check” could look as followed: Assume that a participant is

presented with the UQM design from Section 3.2, where birthdays are employed as both

the randomization device and the neutral question, with the sensitive question referring

to drinking and driving — except, in this case, they are supposed to think about their

own birthday. Now, one could tell the participant that a fictional person with a given

date of birth drove under the influence during the past year. Then, the participant would

be asked how the fictional person would have to respond, given they would answer

honestly. For example, one could ask them: “Last month, Tom drove under the influence.

His birth date is on September 6th. How would Tom have to answer?”. In this case,

because Tom’s date of birth is between the 1st and 10th day of the respective month, he

would be supposed to respond to the neutral question (“Is the birthday of the person

you thought about in the first half of the year, so before the 1st July of a year?”), to

which he would be supposed to answer “no” . If the participant follows the instructions

correctly, they should be able to respond correctly (“Tom would be supposed to answer

‘no’”).

Presenting participants with such comprehension checks should familiarize them

with the design. Additionally, they should have a higher chance of understanding that

their answers are completely anonymous in RRM designs. That said, incongruent exam-

ples in comprehension checks, like the given example above, where a trait carrier has

to answer “no” — or where a non-carrier has to answer “yes” — could be especially

effective.

Theoretically speaking, such comprehension checks could have two major benefits.

First, they enable researchers to filter out participants who gave too many wrong an-

swers in the comprehension checks, which could point towards a lack of instruction

comprehension. Second, comprehension checks should enhance the instruction com-

prehension across the sample and thus increase the validity of the study.

Meisters et al. (2020) tested the effect of such comprehension checks in a strong val-

idation study using a CM design. Additionally, they examined possible effects of edu-

cational level. They found that comprehension checks increased validity by decreasing
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the amount of false positive answers. However, this effect only occurred within the

subgroup of participants with a higher educational level. Another study by the same

research team confirmed positive effects of comprehension checks (Meisters, Hoffmann,

& Musch, 2022b).

Inspired by Meisters et al. (2020), the study in Paper 4 employed comprehension

checks in a UQM application, however without using a strong validation study design.

Apparently, at the time of the study in Paper 4, the effect of comprehension checks

in UQM applications had not yet been researched. Instead of employing a strong val-

idation study design, the sensitive question inquired about a behavior of which the

prevalence can not be objectively verified. While this is a possible limitation of the

study, it seemed reasonable to use a very simple and inexpensive study design to exam-

ine whether comprehension checks would have an obvious influence on the prevalence

estimates.

For the study, a student sample was invited to participate in a survey on drinking

and driving. Considering that a student sample is inherently comprised of participants

with a high educational level, this can be counted as another limitation of the study.

Thus, it was not possible to control for a possible effect of educational level. How-

ever, as Meisters et al. (2020) found an effect of comprehension checks only in highly

educated participants, the sample still seemed suitable to examine a possible effect of

comprehension checks.

The sample was divided into three groups: One group was presented with a DQ de-

sign in which they were asked directly about their behavior (DQ group). The second

group was presented with a UQM design which employed dates of birth as both the

randomization device and the basis for the neutral question (UQM group). The instruc-

tions for this group were kept simple and short. The third group was presented with

a UQM design as well — however, the instructions were more elaborate for the third

group and explained in detail how birth dates can be used as a randomization device

(UQMC group). Furthermore, comprehension checks were used in the UQMC group.

The comprehension checks consisted of three test runs of the UQM design which were

based on fictional participants with various combinations of birth dates and drinking

and driving behavior. Every participant in the UQMC group was presented with at least

one incongruent comprehension check.

Surprisingly, the prevalence estimates for drinking and driving did not differ between

the three groups. Apparently, comprehension checks alone do not have a strong effect

on participants responses — at least with respect to the sensitive question used in the

survey. While in Paper 3 (see Section 3.2), drinking and driving was defined as “driv-

ing while drunk”, a broader definition was used in Paper 4, where the participants

were asked whether they ever “accepted the possibility that they were driving under
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the influence”. The reasoning behind this was to not only include people who drive

drunk but also people who drive even though they are unsure whether they might have

had too much to drink. It is possible that the sensitive question was not perceived as

very delicate due to this wording. This could explain that no differences were found

between the prevalence estimates in the three groups. With respect to comprehension

of instructions, it is possible that the comprehension checks might have had no effect on

the prevalence estimates because most participants complied with the UQM design re-

gardless of how elaborate the instructions were. In other words, comprehension checks

did not seem to be necessary in order for the student sample to follow the instructions.

This hypothesis is supported by the finding that most participants in the UQMC group

had no problems with answering the test questions correctly.

In conclusion, the participants might have been both motivated and smart enough to

follow the instructions even with minimal instructions. Assuming that this is the case,

this would render comprehension checks useless for highly motivated and educated

samples. However, this somewhat contradicts the findings of Meisters et al. (2020), who

— employing a CM design — found an effect of comprehension checks in highly edu-

cated participants. Multiple explanations come to mind. It may be possible that the effect

of comprehension checks functions differently for CM and UQM designs. Another ex-

planation could be that the design of the study at hand was simply not suited to answer

the research questions; perhaps the comprehension checks did actually have an effect

that was cancelled out by a higher amount of both false-positive and false-negative re-

sponses in the other UQM group. Furthermore, it also seems possible that the surveyed

students had high trust in researchers from their university to comply with the usual

ethical guidelines of survey research and therefore felt highly anonymous regardless

of the question design. Lastly, comprehension might not be as important a factor for

RRM validity as suspected — even though, in theory, realizing that one’s anonymity is

granted completely and objectively in RRM designs should be essential for RRMs work-

ing as intended. Perhaps intrinsic motivation of participants is actually a more important

factor in this regard than comprehension.

4.3 Discussion

Theoretically, basic comprehension of instructions should be a vital factor for RRMs

validity. If a participant does not comprehend that they are more anonymous in an

RRM design compared to a DQ design, they should have no logical reason to answer

more honestly. Thus, the RRMs goal of minimizing social desirability bias should at

least in some capacity depend on participants’ level of comprehension.

However, both a recent study by Meisters et al. (2020) and the study in Paper 4, where
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test questions were employed to ensure better comprehension in certain subgroups,

showed that this suspected comprehension effect is not as simple as assumed. While

Meisters et al. (2020) found a comprehension effect in the CM only for participants with

higher education, no such comprehension effect was found in the UQM study.

Even though multiple explanations come to mind for this result, it is also possible that

comprehension of the higher level of anonymity offered by RRMs might not be the most

important reason for participants to answer more honestly. Rather, motivation to partic-

ipate could be the more important factor; in turn, participants’ motivation could also be

connected with their level of comprehension, since intrinsically motivated participants

can be assumed to read more carefully and try harder to comprehend the instructions

than participants with lower intrinsic motivation. Additionally, highly motivated partic-

ipants should be more reluctant to resort to careless or random responding. There could

also exist an important interaction between highly motivated participants and partici-

pants who appreciate the additional anonymity provided by RRMs: Inquiring about a

topic that one finds sensitive might automatically lead to a higher intrinsic motivation

and more careful responding. Assuming that participants recruited via online panels

are less motivated than student samples, this could also explain the surprising results

in Paper 3 (see Section 3.2), where an online panel was used to draw the sample. Unfor-

tunately, the role of motivation in RRM applications has apparently not been researched

as of yet.

Without a doubt, the study at hand came with a number of limitations in terms

of examining the effects of comprehension checks in UQM designs. Still, the findings

suggest that a simple comprehension effect — in the sense of: “More comprehension

equals lower prevalence estimates” — is unlikely and that simply including compre-

hension checks and test questions in RRM designs is most likely not the answer to

the validity problems of RRMs. Additionally, it raised further questions regarding the

role of motivation. Future studies, at best strong validation studies, should examine

how motivational factors, comprehension, and instruction adherence interact with each

other, and how they influence the validity of RRMs.
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5 Summary and Conclusion

This chapter includes a short summary of the four research articles presented in this

dissertation. Following that, some general conclusions will be drawn based on the main

findings from Papers 1-4 and regarding the central question of whether RRMs have a

purpose in criminological research.

5.1 Summary

Paper 1 revolved around the question of whether RRMs, specifically the UQM, are in

principle suited for use in criminological survey research. The article focused on an

already concluded empirical research project on plea bargaining in Germany. The re-

sults illustrated that social desirability bias can be a problem in criminological survey

research. Additionally, the study suggested that the necessary methodological require-

ments for UQM applications were met both in the example project on plea bargaining

as well as in many other cited criminological studies. Therefore, it was concluded that

the requirements for the UQM, and most probably for other RRMs as well, can gener-

ally be met in such survey studies. However, the limited ways in which questions can

be formulated in RRM applications and their dependence on questions referring to a

single time interval may hinder their use in criminology.

Paper 2 proposed an alternative way to utilize such time-constrained questions, the

Poisson model. This method offers the possibility to disambiguate prevalence estimates

referring to certain time frames. The model proved to be promising for researching

everyday activities.

Paper 3 introduced a combination of the Poisson model and the UQM, the UQMP.

Said model was tested in an online survey on drinking and driving. However, the UQM

did not work as intended in this study, which led to unexpected results. Presumably,

these unexpected results had nothing to do with the Poisson model itself, but with

instruction non-adherence and/or lacking intrinsic motivation of the participants that

were recruited via a commercial online panel.

Paper 4 focused on the importance of comprehension for the validity of RRMs, specif-

ically in the UQM. In theory, some basic level of instruction comprehension is the pre-

requisite for RRMs to work as intended and thus lead to more valid responses. In a

student survey on drinking and driving, traditional DQ and UQM applications were
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compared to a UQM application with elaborate comprehension aids in the form of

test questions. Surprisingly, the comprehension checks did not lead to differing results

between groups. A possible explanation for this finding is that highly educated and

motivated samples comprehend RRMs’ instructions well, even without comprehension

checks. In fact, motivation might be a more important factor for successful RRM appli-

cations than instruction comprehension.

5.2 Conclusion

This dissertation showed that the UQM — and probably any other RRM — is principally

suited for researching criminological topics such as drunk driving or plea bargaining

(and probably for criminological research in general). However, it was shown once more

that the functionality and problems of the UQM are complex and not fully understood

yet. According to the available literature, this finding can be transferred to RRMs in gen-

eral to a certain degree. Most likely, this is the main reason for the rare use of RRMs in

criminology and other sciences. Due to these problems, RRMs cannot be recommended

as a standard method for quantitative criminology as of now. First, the circumstances

under which RRMs work as intended and can develop their full potential as a more

valid way to ask sensitive questions need to be identified. Surprisingly, comprehension

of instructions does not seem to be as important to RRMs’ — or at least the UQM’s —

functionality as previously assumed. A more likely reason for failing RRM applications

might be lowly motivated participants in online samples.

Based on this, it can be concluded that inquiring about certain behaviors or events

that are especially sensitive for specific populations while using a face-to-face design

should be the ideal setup for RRM applications. To name an example of this hypothetical

best-practice use of RRMs, Ulrich et al. (2018) used the UQM in a face-to-face setting

to survey elite athletes on doping behavior. In online surveys, RRMs should only be

used if the underlying question can be assumed to be highly sensitive. As an example

for such an online application one could name the study of Chapkovski and Schaub

(2022) who surveyed Russians on their opinion on the invasion of Ukraine. For further

examples, one could think of investigating the prevalence of police brutality with a

sample of police officers, querying a sample of judges about the prevalence of illegal

plea bargains, or asking any sample whether they have committed severe crimes. As

these examples show, there exist plenty of highly relevant research topics that rely on

participants responding honestly to sensitive questions. Therefore, the basic idea of

RRMs is still too good to be abandoned, despite their problematic validity.

Criminology is an excellent example for a discipline that could benefit from RRMs,

as, by nature, it offers a multitude of sensitive topics that are highly relevant on a soci-
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etal and political level. Future research should focus on establishing conditions under

which RRMs can produce valid and reliable results. This includes research on the role of

motivation for RRMs’ validity and comparisons between online and face-to-face applica-

tions. Furthermore, the importance of instruction comprehension and (non-)adherence

is still not fully understood. Research on possible interactions between motivation, in-

struction comprehension and (non-)adherence, as well as careless or random respond-

ing could be the key to successful future RRM applications. In spite of some remain-

ing open questions in terms of their functionality, more criminological applications of

RRMs are called for. Whenever traditional methods are used in control groups and pre-

sumably highly sensitive questions are posed to presumably highly motivated groups,

criminological research might immediately benefit from RRMs.

Since it allows for efficient measurement of the proportion of trait carriers that ex-

hibit a certain kind of behavior as well as the behavior’s underlying rate, the Poisson

model seems to be a promising alternative to traditional DQ prevalence surveys. Nat-

urally, the model should be well suited for applications in quantitative criminology, as

prevalence estimates are so widely used in this field of research. In fact, there is hardly

any reason not to utilize the model immediately in prevalence research. The only ap-

parent weakness of the Poisson model seems to be its simplicity, i.e., its rather strict

assumptions. For instance, dividing a population into carriers (e.g., regular drug users)

and non-carriers (e.g., people who never use drugs) is certainly an oversimplification.

Additionally, assuming an invariant rate for all carriers might not be realistic in many

cases — even though we showed that extending the Poisson model with a variance pa-

rameter for the rate does not have much influence on the other parameter estimations

(Iberl & Ulrich, 2023). However, said simplicity is also a core strength of the Poisson

model, since it allows for simple combinations with different models, such as RRMs.

Naturally, more research is needed to flesh out the Poisson model’s potential and ideal

use cases. Such future research could focus on adapting and/or improving the model

for specific purposes. While promising, Poisson extensions of RRMs such as the UQMP

obviously need more testing as well — ideally in studies where the employed RRM is

functioning as intended.
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Nemo tenetur se ipsum accusare – Systematische Antwortverzerrungen bei der

Befragung justizieller Akteure zur Verständigung im Strafprozess

Zusammenfassung

Der vorliegende Artikel stützt sich auf die Daten eines bereits abgeschlossenen

Forschungsprojekts zur Verständigung im Strafprozess. In den Ergebnissen dieser Studie

finden sich im Antwortverhalten deutliche Berufsgruppenunterschiede und mehrere

Hinweise für das Vorliegen einer systematischen Verzerrung durch den Effekt der sozialen

Erwünschtheit, insbesondere bei Richtern. Aus dem Forschungsstand werden

Erklärungsansätze für diese Beobachtung abgeleitet und erläutert. Abschließend erfolgt die

Vorstellung von Randomized Response Modellen als Lösungsansatz für den Umgang mit

systematischen Antwortverzerrungen durch sensible Fragen in der kriminologischen

Forschung.

Schlüsselworte: Soziale Erwünschtheit, Richter, Verständigung im Strafprozess,

Absprachen, Randomized Response Technique

You have the right to remain silent - Systematic response bias of legal

practitioners in a survey about plea bargaining

Abstract

The paper at hand is based on data from an already completed research project regarding

plea bargaining. The results of this study contain clear differences in response behavior

across professions and multiple hints towards the existence of systematic social desirability

bias, especially within judges. Different explanatory approaches for this observation are

derived and explained from the current state of research. Finally, randomized response

models are presented as a possible solution for handling systematic response bias caused by

sensitive questions in criminological research.

Keywords: social desirability, judges, plea bargaining, randomized response

technique
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1. Einleitung

1.1 „Deals“ in Strafverfahren

Unter „Deals“ in Strafverfahren wird sich jeder etwas vorstellen können, der sich

schon einmal die Sendungen „Suits“, „Better Call Saul“ oder andere US-amerikanische

Anwaltsserien zu Gemüte geführt hat. Um ein aufwendiges Verfahren zu vermeiden und

einen bestmöglichen Prozessausgang zu erreichen, werden dort bei informellen

Verhandlungen alle Register gezogen: Von listigen Tricks und Bluffs über

Erpressungsversuche bis hin zu Betrügereien – oder gar der Sabotage eines Aufzugs, um

mit der vielbeschäftigten Staatsanwältin in Ruhe feilschen zu können („Better Call Saul“,

Staffel 5, Folge 2). Verlässt man das Gebiet der Fiktion und blickt auf „echte“

Strafverfahren in der Bundesrepublik Deutschland, erscheinen solche Vorgänge zunächst

realitätsfern. Sicherlich – so ist zu vermuten – existieren in Deutschland hierzu strenge

Regeln, die penibel eingehalten werden und durch die unseriösen „Deals“ in

Richterzimmern1 (und Aufzügen) ein Riegel vorgeschoben wird – oder etwa nicht?

Tatsächlich trifft auf einer formalen Ebene die erste Annahme zu: Zwar erst seit

dem Jahr 2009 (BGBl. I 2009, S. 2353), aber durchaus detailliert, ist die „Verständigung

im Strafprozess“ in Deutschland gesetzlich geregelt. Dass sich Verteidigung,

Staatsanwaltschaft und Gericht über ein Urteil absprechen oder, wie es das Gesetz

formuliert, „verständigen“ und somit den Prozess wesentlich verkürzen können, ist unter

Einhaltung der gesetzlichen Vorgaben erlaubt. Dazu gehören u. a. aufwendige

Transparenz- und Dokumentationspflichten, etwa darüber, ob, wann und durch wen die

Verständigung initiiert und über was genau sich inhaltlich geeinigt wurde. Auch darf keine

genaue Strafe abgesprochen werden; lediglich ein Strafrahmen kann Gegenstand der

1 Aufgrund der in diesem Beitrag sehr häufigen Nennung von Richterinnen und Richtern,

Staatsanwältinnen und Staatsanwälten und Strafverteidigerinnen und Strafverteidigern wurde sich zur

Förderung des Leseflusses für die Verwendung des generischen Maskulinums entschieden. Dies soll

selbstverständlich alle Geschlechtszugehörigkeiten beinhalten.
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Verständigung sein. Außerdem ist es Staatsanwaltschaft und Verteidigung verboten, bereits

vor dem Urteilsspruch zuzusichern, auf Rechtsmittel verzichten zu wollen - d.h., niemand

darf im Voraus garantieren, das auf eine Verständigung folgende Urteil auf keinen Fall

anzufechten.

1.2 Das Forschungsprojekt „Die Praxis der Verständigung im Strafprozess“

Soweit zu den gesetzlichen Prämissen und deren Intentionen. Doch wie sieht es mit

der Einhaltung dieser Vorgaben aus? Das beschäftigte auch bereits das

Bundesverfassungsgericht, das den Gesetzgeber schon im Jahr 2013 in einem

aufsehenerregenden Urteil (BVerfGE 133, 168) dazu verpflichtete, die „Wirksamkeit der

vorgesehenen Schutzmechanismen“ zur Einhaltung der in der Strafprozessordnung

geregelten Vorgaben fortlaufend zu überprüfen. In der Folge beauftragte das

Bundesjustizministerium die Universitäten Düsseldorf (Prof. Dr. Karsten Altenhain),

Frankfurt (Prof. Dr. Matthias Jahn) und Tübingen (Prof. Dr. Jörg Kinzig) im Jahr 2018,

die Einhaltung der gesetzlichen Regelungen zur Verständigung in der juristischen Praxis zu

untersuchen (Altenhain, Jahn & Kinzig, 2020).

Die zugrundeliegende Forschungsfrage wurde im Rahmen des Projekts in sechs

Teilmodulen aus mehreren Perspektiven und mithilfe verschiedener Methoden (u.a.

Interviews, schriftliche und Online-Fragebögen) beantwortet (Altenhain, Jahn & Kinzig,

2020). Der Forschungsverbund kam dabei modulübergreifend zu einem identischen

Ergebnis: Informelle Absprachen, bei denen sich die justiziellen Akteure nicht an das

Gesetz halten, finden in Deutschland nach wie vor regelmäßig statt. Es besteht damit,

ebenso wie vor dem Urteil des Bundesverfassungsgerichts aus dem Jahr 2013 (Altenhain,

Dietmeier & May, 2013), unverändert ein eindeutiges Defizit bei der Einhaltung der

Vorgaben der Strafprozessordnung. Teil des genannten Forschungsprojekts war unter

anderem eine bundesweite quantitative Online-Befragung (Kinzig, Iberl & Koch, 2020), bei

der Antworten von 1567 Richtern, Staatsanwälten und Strafverteidigern ausgewertet

werden konnten. Diese Online-Befragung liefert die Datengrundlage für die nachfolgenden
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Ausführungen.

1.3 Online-Befragung justizieller Akteure

Ein markanter Befund, der bei den Ergebnissen der Online-Befragung (und bei den

Interviews; Altenhain, Brandt & Herbst, 2020) konsistent auftritt, ist, dass deutliche

Unterschiede im Antwortverhalten zwischen den befragten Berufsgruppen bestehen

(Kinzig, Iberl & Koch, 2020). Exemplarisch zeigt sich dies an den Reaktionen auf die

Fragen nach der Häufigkeit sogenannter informeller Absprachen – selbige entsprechen qua

Definition nicht den gesetzlichen Anforderungen – nach dem Hörensagen und in der eigenen

Praxis (s. Abb. 1).

Wie in Abbildung 1) deutlich zu erkennen, berichten die Strafverteidiger sowohl

nach dem Hörensagen als auch in der eigenen Praxis von den meisten informellen

Absprachen, wohingegen die Richter mit weitem Abstand angeben, am wenigsten von

Regelverstößen Kenntnis zu erlangen oder daran gar beteiligt zu sein. Dieses Ergebnis ist

nicht plausibel, da für erfolgreiche Absprachen alle Verfahrensbeteiligten konsensual

zusammenwirken müssen. Strafverteidiger und Richter scheinen also in verschiedenen

Realitäten unterwegs zu sein, zumal Absprachen ohne eine Beteiligung des Gerichts, das

am Ende das Urteil fällen muss, schlichtweg nicht möglich sind.

Dieses Antwortmuster – Strafverteidiger und Richter liegen mit ihren Antworten

nicht selten extrem weit voneinander entfernt, die Staatsanwälte regelmäßig dazwischen –

zeigt sich bei den meisten im Rahmen des Online-Surveys gestellten Fragen. Auffallend ist

dabei, dass die Antworten der Strafverteidiger eher gesetzeswidrige Vorgänge nahelegen,

während die der Richter eher ordnungsgemäße Abläufe als die Norm darstellen. Als

mögliche Erklärung dieses Befundes drängt sich geradezu auf, dass die Angaben der

Richter (und in geringerem Maße auch die der Staatsanwälte) durch den Effekt der sozialen

Erwünschtheit beeinflusst worden sind.

Natürlich sind auch andere Erklärungsansätze denkbar. Die Vorschriften zur

Verständigung könnten etwa einen gewissen Interpretationsspielraum zulassen. Wenn beim
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Abbildung 1

Angaben zu den Häufigkeiten informeller Absprachen; Antwortverteilungen nach

Berufsgruppen in Prozent. A: Häufigkeit informeller Absprachen nach dem Hörensagen. B:

Häufigkeit informeller Absprachen in der eigenen Praxis. „Ri“ = Richter, „StA“ =

Staatsanwälte, „StV“ = Strafverteidiger. Unterschiede zwischen Berufsgruppen sind jeweils

statistisch signifikant (s. Kinzig, Iberl & Koch, 2020, S. 237).

Verständnis der gesetzlichen Regelungen zwischen den Berufsgruppen systematische

Unterschiede vorliegen, dürften auch die Einschätzungen, ab wann es sich bei einem

Vorgang um eine informelle Absprache handelt, voneinander abweichen. Dessen ungeachtet

lassen sich klare Hinweise auf Antwortverzerrungen durch das Phänomen sozialer

Erwünschtheit identifizieren. Diese werden im Folgenden vorgestellt.
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2. Soziale Erwünschtheit bei Richtern?

2.1 Der Begriff der sozialen Erwünschtheit

Der Effekt der sozialen Erwünschtheit beschreibt eine Beeinflussung des

Antwortverhaltens im Rahmen von Befragungen. Dabei tendieren Personen zu Angaben,

die sie als sozial gebilligt bzw. als der gesellschaftlichen Norm entsprechend wahrnehmen

(Crowne & Marlowe, 1960; Edwards, 1953; Häcker & Stapf, 2009; Wenninger, 2001).

Besonders bei Fragen zu sensiblen Themen können durch diesen Effekt beachtliche

Verzerrungen auftreten, wodurch eine Unterschätzung der Prävalenzen sensitiver Attribute

entsteht (Krumpal, 2013; Lee, 1993; Nederhof, 1985; Tourangeau & Yan, 2007). Welche

Fragen bzw. Attribute als heikel wahrgenommen werden, kann selbstverständlich abhängig

von der befragten Bevölkerungsgruppe variieren (Tourangeau & Yan, 2007). In Bezug auf

den vorliegenden Untersuchungsgegenstand ist die Annahme naheliegend, dass justizielle

Akteure Fragen nach der Beteiligung an informellen, also gesetzwidrigen Absprachen als

heikel betrachten. Immerhin handelt es sich dabei um Verstöße, die berufs- oder sogar

strafrechtliche Konsequenzen nach sich ziehen können.

Das Vorkommen sozial erwünschter Antworten wird unter anderem dadurch

beeinflusst, inwieweit die Befragten befürchten, dass ehrliche Antworten negative

Konsequenzen zur Folge haben (Krumpal, 2013; Lee, 1993; Rasinski et al., 1999;

Tourangeau & Yan, 2007). Dabei spielen sowohl direkte Konsequenzen, z. B.

strafrechtlicher Art nach einer etwaigen Verletzung der Anonymität der Teilnehmenden,

eine Rolle, als auch befürchtete indirekte Folgen. Im Fall informeller Absprachen könnten

beispielsweise schärfere gesetzliche Vorgaben „de lege ferenda“ oder ein Ansehensverlust

des betreffenden Berufsstandes als indirekte Folgen befürchtet werden. Es ist indes wichtig

zu erwähnen, dass sozial erwünschte Antworten nicht auf bewussten Falschangaben

basieren müssen, sondern auch in Folge einer Selbsttäuschung auftreten können, um im

Sinne einer kognitiven Dissonanzreduktion das Selbstbild im Kontext eigener

Wertevorstellungen zu wahren (Holtgraves, 2004; Krumpal & Näher, 2012; Krumpal, 2013;
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Nederhof, 1985; Paulhus, 1984; Stocké & Hunkler, 2007; Wenninger, 2001).

2.2 Hinweise auf soziale Erwünschtheit

Freilich ist allein die schlichte Beobachtung, dass eine Berufsgruppe die „sozial

erwünschtesten“ Antworten gibt, noch kein hinreichender Nachweis, um das Vorliegen einer

nennenswerten Antwortverzerrung zu belegen. Jedoch existieren darüber hinaus weitere

Indizien dafür, dass der Effekt der sozialen Erwünschtheit bei der Befragung eine Rolle

gespielt und vor allem die Antworten der Richter beeinflusst haben könnte.

So wurden die justiziellen Akteure danach gefragt, wie häufig die Initiative zu

informellen Absprachen von der Verteidigung, der Staatsanwaltschaft, den Angeklagten

oder dem Gericht ausgeht (s. Abb. 2)). Auffällig ist dabei, dass die Selbst- und

Fremdeinschätzung bei der Initiierung informeller Absprachen durch Strafverteidiger

übereinstimmt. Strafverteidiger, Richter und Staatsanwälte antworten also sehr ähnlich auf

die Frage, wie oft informelle Absprachen durch die Verteidigung angeregt werden. Dies

spricht für die Validität der Antworten der Strafverteidiger. Gleichzeitig sind jedoch

signifikante Unterschiede zwischen Selbst- und Fremdeinschätzungen bei den anderen

Berufsgruppen zu beobachten (Kinzig, Iberl & Koch, 2020). Rein deskriptiv sind diese

Abweichungen bei Richtern besonders groß. Das bedeutet, dass Richter die Initiierung

informeller Absprachen durch ihre Berufsgruppe als deutlich seltener beschreiben als

Strafverteidiger und Staatsanwälte. Solche Abweichungen zwischen Selbst- und

Fremdeinschätzung können durchaus als Hinweis dafür gewertet werden, dass die

Antworten der Richter (und in geringerem Maß auch der Staatsanwälte) in sozial

erwünschter Richtung verzerrt sind.

Weiterhin ergibt sich in Bezug auf die zu befürchtenden negativen Konsequenzen ein

Indiz dafür, dass insbesondere bei Richtern ein Effekt sozialer Erwünschtheit vorliegt. Zwei

Items des Fragebogens zielten darauf ab, eine Risikoeinschätzung bezüglich negativer

Konsequenzen im Fall gesetzwidrigen Verhaltens zu erheben (s. Abb. 3)). Eine der Fragen

thematisierte das erwartete Risiko, dass eine informelle Absprache zu einer Beanstandung
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Abbildung 2

Angaben zur Initiierung informeller Absprachen durch verschiedene Akteure;

Antwortverteilungen nach Berufsgruppen in Prozent. A: Häufigkeit der Initiierung durch

die Staatsanwaltschaft. B: Häufigkeit der Initiierung durch die Verteidigung. C: Häufigkeit

der Initiierung durch Angeklagte. D: Häufigkeit der Initiierung durch das Gericht. „Ri“ =

Richter, „StA“ = Staatsanwälte, „StV“ = Strafverteidiger. Unterschiede zwischen

Berufsgruppen sind statistisch signifikant bei Initiierung durch Staatsanwaltschaft (A) und

Gericht (D) und nicht statistisch signifikant bei Initiierung durch Verteidigung (B) und

Angeklagte (C) (s. Kinzig, Iberl & Koch, 2020, S. 244).

im Rechtsmittelverfahren führt – dies könnte beispielsweise bedeuten, dass ein auf einer

informellen Absprache basierendes Urteil von einer höheren Instanz aufgehoben wird. Die

andere Frage ventilierte die Befürchtung strafrechtlicher Konsequenzen nach einer
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Abbildung 3

Angaben zur Befürchtung negativer Konsequenzen nach erfolgter informeller Absprache;

Antwortverteilungen nach Berufsgruppen in Prozent. A: Einschätzung des Risikos einer

Beanstandung des Urteils im Rechtsmittelverfahren. B: Einschätzung des Risikos

strafrechtlicher Konsequenzen. Die Bewertung erfolgte jeweils auf einer elfstufigen

Likert-Skala von 0 (niedriges Risiko) bis 10 (hohes Risiko). „Ri“ = Richter, „StA“ =

Staatsanwälte, „StV“ = Strafverteidiger. Unterschiede zwischen Berufsgruppen sind

statistisch signifikant (s. Kinzig, Iberl & Koch, 2020, S. 257).

informellen Absprache. Auch hier zeigen sich deutliche Unterschiede in der Einschätzung

der einzelnen Berufsgruppen. So stufen die Richter die Risiken informeller Absprachen als

bedeutend höher ein als die anderen Berufsgruppen. Offenbar halten sie derartige negative

Folgen für wahrscheinlicher als die anderen Berufsgruppen, was wiederum die These stützt,
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dass der Effekt sozialer Erwünschtheit bei ihnen besonders stark ausgeprägt ist.

Bemerkenswert ist auch der unterschiedliche Umgang der Berufsgruppen mit der

Auswahl der ausweichenden Antwortoption „keine Erfahrungswerte“, die bei den meisten

Fragen zur Verfügung stand. Insgesamt antworteten Richter im Schnitt 14,3 Mal mit

„keine Erfahrungswerte“, Staatsanwälte 13,6 Mal, Strafverteidiger aber nur 6,8 Mal.

Strafverteidiger wählten also weniger als halb so oft die Kategorie „keine Erfahrungswerte“

aus als Angehörige der beiden anderen Berufsgruppen. Dieser Befund lässt sich in

unterschiedliche Richtungen interpretieren. So könnte dieses Antwortverhalten

möglicherweise Ausdruck einer angemessenen Zurückhaltung der Richter und Staatsanwälte

sein, welche im Vergleich zu Strafverteidigern über einen weniger breiten Überblick über

die Praxis an verschiedenen Gerichten und Spruchkörpern verfügen dürften. Es ist jedoch

auch möglich, dass durch diese Abstinenz die Beantwortung etwaiger sensibler Fragen

vermieden werden sollte. Insgesamt kann dies ebenfalls als Hinweis darauf gewertet

werden, dass Richter und Staatsanwälte eher gemäß einer sozial erwünschten Norm

antworten als Strafverteidiger.

2.3 Mögliche Erklärungen für die erhöhte soziale Erwünschtheit bei Richtern

Ausgehend von den bisher geschilderten Beobachtungen stellt sich die Frage,

weshalb Richter womöglich sozial erwünschter antworten als andere Berufsgruppen,

insbesondere Strafverteidiger. Bis dato existieren zu dieser Fragestellung (soweit

ersichtlich) keinerlei Befunde. Nachfolgend sollen erste Erklärungsansätze geliefert werden.

Einiges spricht dafür, dass sozial erwünschte Antworten in der Gruppe der Richter

deswegen in einem erhöhten Maße auftreten, weil die befürchteten indirekten negativen

Konsequenzen für diese Berufsgruppe bei einem der Realität gerecht werdenden

Antwortverhalten am größten sind. Denn Gesetzesänderungen oder strengere

Kontrollmechanismen, die eine ungeschminkte Wiedergabe der realen Vorgänge in den

Gerichtssälen zur Folge haben könnten, dürften vor allem Richter betreffen. Schließlich

tragen diese durch ihr Urteil am Ende eines Verfahrens unzweifelhaft die
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Letztverantwortung für das erfolgreiche Zustandekommen informeller Absprachen. Dabei

werden bereits jetzt die Gesetze zur Verständigung seitens der justiziellen Akteure als

undurchsichtig oder praxisuntauglich angesehen (Altenhain, Brandt & Herbst, 2020, S. 368

f.; Kinzig, Iberl & Koch, 2020, S. 251). Auch weil sie aus Sicht der anderen Berufsgruppen

besonders von informellen Absprachen profitieren (Altenhain, Brandt & Herbst, 2020, S.

335 f.), würden schärfere Regeln oder zusätzliche Kontrollmechanismen wohl primär

zulasten der Richter gehen. So könnte etwa ihre ohnehin hohe Arbeitsbelastung (vgl. etwa

Koerth, 2019) dadurch noch weiter ansteigen.

Eine weitere Erklärung leitet sich aus der besonderen rechtlichen und

gesellschaftlichen Stellung ab, die mit dem Richterberuf einhergeht, wobei sich diese

Erwägung mit Abstrichen auch auf Staatsanwälte übertragen lässt. So sind, um sich für

diesen Beruf zu qualifizieren, hohe Hürden zu überwinden. Denn in der Regel braucht man

überdurchschnittlich gute Staatsexamina, um Richter oder Staatsanwalt zu werden

(Böning & Schultz, 2019; Lippert, 2021). Sind diese Hürden einmal genommen, genießen

Richter traditionell ein hohes Ansehen in der Gesellschaft (forsa, 2021). Wie auch

Staatsanwälte sind sie im Gegensatz zu Strafverteidigern Diener des Staates und darüber

hinaus Repräsentanten einer der Säulen der Gewaltenteilung. Im Gegenzug werden an

Richter jedoch auch hohe Anforderungen seitens der Gesellschaft gestellt: Ungeachtet von

Personalproblemen und umfangreichen, schwierigen Fällen wird von ihnen erwartet,

rechtmäßige und möglichst auch gerechte Urteile zu fällen. Zudem können

Fehlentscheidungen von Gerichten weitreichende Folgen unterschiedlicher Art und Schwere

haben, die gerade im Strafrecht mit einem langjährigen Freiheitsentzug verbunden sein

können. Resümiert man die Anforderungen an diesen Beruf, entsteht das Bild einer

Personengruppe, die zwar hohes Ansehen genießt, aber auch große Verantwortung besitzt

und möglicherweise einem erhöhten Druck ausgesetzt ist. Die Strafverteidigung, wenngleich

ebenfalls von zentraler Bedeutung für Gesellschaft und Rechtsstaat, ist dagegen immer

auch mit finanziellen Erwägungen und einer einseitigen Wahrnehmung der Interessen der
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Mandanten verbunden, woraus sich bereits ein starker Kontrast zu den anderen

Berufsgruppen ergibt. Dazu kommt, dass die Strafverteidigung „nolens volens“ in ihrem

„Kampf um’s Recht“ (von Jhering, 1874) nicht selten gegen staatliche Instanzen

opponieren muss.

Aus diesen unterschiedlichen Motiven und gesellschaftlichen Positionierungen lässt

sich ableiten, dass womöglich auch die sozialen Normen zwischen den hier betrachteten

Berufsgruppen in einem gewissen Maße divergieren. Etwaige Verstöße gegen die

Strafprozessordnung dürften demzufolge von Richtern als deutlich stärkere Verletzung des

eigenen Berufsethos empfunden werden, als dies bei Strafverteidigern der Fall ist. Dies

hätte zur Folge, dass die Frage nach informellen Absprachen und damit einem

gesetzwidrigen Verhalten von Richtern als weitaus brisanter wahrgenommen würde als

durch Strafverteidiger, mit den entsprechenden Konsequenzen für das eigene

Antwortverhalten. Damit decken sich auch Erkenntnisse darüber, dass sich die

wahrgenommene Erwünschtheit verschiedener Eigenschaften und Verhaltensweisen je nach

Personengruppe unterscheiden kann (Dalton & Ortegren, 2011; Furnham, 1986; Johnson &

van de Vijver, 2003; Krumpal & Näher, 2012; Krumpal, 2013; Larson & Bradshaw, 2017;

Opp, 2001; Phillips & Clancy, 1972; Stocké, 2004; Tourangeau & Yan, 2007). Zudem soll

der Effekt der sozialen Erwünschtheit auch damit zusammenhängen, für wie unethisch eine

bestimmte Situation oder Handlung eingestuft wird (Chung & Monroe, 2003). Wenn

Richter aufgrund ihrer Berufskultur und gesellschaftlichen Stellung informelle Absprachen

als besonders unethisch empfinden sollten, wäre auch dadurch eine größere

Antwortverzerrung zu erwarten. Vor dem Hintergrund, dass Vorschriften über die

Verständigung in Strafverfahren zentral an Richter adressiert sind, lässt sich der

beobachtete Effekt der sozialen Erwünschtheit somit gut erklären.

3. Diskussion

In der vorliegenden Studie wurden Belege für das Auftreten des Effekts sozialer

Erwünschtheit bei Richtern im Rahmen einer Befragung zur Verständigung im Strafprozess
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(Kinzig, Iberl & Koch, 2020) geliefert. Resümierend lässt sich festhalten, dass Richter

insbesondere im Vergleich zu Strafverteidigern deutlich stärker dazu neigen, Antworten in

sozial erwünschter Richtung zu geben. Als Erklärungsansätze wurden die im Vergleich zu

den anderen Berufsgruppen potentiell schwerwiegenderen negativen Konsequenzen für

Richter bei Bekanntwerden informeller Absprachen angeführt. Zudem könnte die

gesellschaftliche Rolle der Richter mit besonderen sozialen Normen verbunden sein, die das

Antwortverhalten der Befragten ebenfalls maßgeblich beeinflussen.

Diesen Ergebnissen schließt sich unmittelbar die Frage an, welche Folgen der allem

Anschein nach vorliegende Effekt der sozialen Erwünschtheit für die ermittelten

Prävalenzen haben kann. Eine plausible und naheliegende Interpretation ist, dass die

wahre Prävalenz informeller Absprachen höher liegt als sich in den Ergebnissen der Richter

widerspiegelt. Eine genaue Bezifferung, um wie viel das tatsächliche Aufkommen von den

Angaben dieser Berufsgruppe abweicht, ist jedoch nicht möglich.

Eine weitere Konsequenz aus diesem Umstand wäre, dass die Antworten der

Strafverteidiger als deutlich valider anzusehen sind als jene der Richter (und

Staatsanwälte). Da erstere keine Staatsbedienstete und als sogenannte Freiberufler tätig

sind, dürften sie dem geringsten Normdruck ausgesetzt sein. Dies spricht dafür, dass die

von dieser Berufsgruppe gegebenen Antworten der Realität am nächsten kommen. Folgt

man dieser Hypothese und damit den Angaben der Strafverteidiger, würden sich immerhin

80 % aller justiziellen Akteure bisweilen (mindestens „selten“) an informellen Absprachen

beteiligen. Beachtliche 38 % würden dies sogar häufig bis sehr häufig tun (Kinzig, Iberl &

Koch, 2020). Jedoch können auch die Angaben von Strafverteidigern durch (andere)

systematische Einflüsse verzerrt sein. So ist es nicht auszuschließen, dass sich an der

Umfrage überproportional viele Rechtsanwälte beteiligt haben, die das Instrumentarium

der illegalen Absprache in besonderer Weise zu nutzen suchen. Zudem erscheint die Frage

diskutabel, ob die Berufsgruppe der Richter aufgrund der höheren Zugangsschranken zu

diesem Beruf und der bei ihnen im Urteilsspruch liegenden Letztverantwortung die
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Rechtmäßigkeit einer Verständigung besser einschätzen kann als das bei den

Strafverteidigern der Fall ist.

Für die kriminologische Forschung stellt sich dessen ungeachtet die Frage, wie mit

derartigen Antwortverzerrungen umzugehen ist – schließlich kann die Qualität der Daten

durch ein systematisches „Underreporting“ merklich in Mitleidenschaft gezogen werden.

Insbesondere in der Kriminologie beliebte Täter- und Opferbefragungen enthalten

regelmäßig eine Fülle sensibler Fragestellungen, die sozial erwünschte Antworten zur Folge

haben können. Wie die vorliegende Studie zeigt, können manche Fragen auch nur von

bestimmten Bevölkerungs- oder Berufsgruppen als sensibel wahrgenommen werden,

während bei anderen Populationen keine systematischen Antwortverzerrungen zu

befürchten sind. Fragen nach der Begehung eigener Bagatellstraftaten, wie etwa kleineren

Diebstahlsdelikten, Verkehrsstraftaten oder Drogenvergehen, könnte etwa von den meisten

Personen als mäßig problematisch empfunden werden, während in der Strafverfolgung oder

bei den Strafgerichten tätige Personen durchaus einen Anlass haben könnten, sich in ihren

Antworten als besonders gesetzestreu zu präsentieren. Zur Bestimmung der Größe des

Verzerrungsfaktors erforderlich ist also zunächst eine Einschätzung der Sensitivität der

betreffenden Frage.

Wenn damit zu rechnen ist, dass eine spezielle Frage als brisant wahrgenommen

wird, dürfte der klassische direkte Weg, gewisse Verhaltensweisen oder Merkmale zu

eruieren, nicht unbedingt die beste Methode zur korrekten Ermittlung von Prävalenzen

sein. Um dem Einfluss sozialer Erwünschtheit in solchen Situationen entgegenzuwirken,

wurden daher indirekte Fragemethoden wie die Randomized Response Technique (Warner,

1965) entwickelt. Die Grundidee der Randomized Response Technique (RRT) ist es, die

Antworten der Befragten mithilfe eines vorgeschalteten Zufallsexperiments zu verschleiern.

Dadurch entsteht eine für die Befragten nachvollziehbare, objektive Anonymität. Diese

gewährleistet, dass die Teilnehmenden antworten können, ohne direkte negative

Konsequenzen durch die Verletzung ihrer Anonymität befürchten zu müssen. Neben der
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RRT wurden mittlerweile mehrere verwandte Modelle entwickelt, die sich auf die Grundidee

von Warner stützen (z. B. Clark & Desharnais, 1998; Greenberg et al., 1969; Miller, 1984;

Moshagen, Musch & Erdfelder, 2011; Yu, Tian & Tang, 2008). In zahlreichen Befunden

wurde bereits bestätigt, dass durch die Anwendung solcher Randomized Response Modelle

(RRMs) bei sensiblen Fragestellungen validere Ergebnisse erzielt werden können als das bei

direkt formulierten Fragen der Fall ist (Lensvelt-Mulders et al., 2005). Ein Nachteil dieser

Methoden ist jedoch, dass die Prävalenzschätzung durch die Einbindung zufälliger

Faktoren eine größere Varianz aufweist als bei direkten Fragen; es sind also größere

Stichproben nötig, um statistisch belastbare Ergebnisse zu erzielen (Ulrich et al., 2012).

Die Wirkungsweise von RRMs kann anhand des Unrelated Question Model (UQM,

s. Abb. 4); Greenberg et al., 1969), einem weit verbreiteten RRM, erläutert werden. Beim

UQM wird, wie bei den meisten RRMs, durch die Befragten zunächst ein Zufallsexperiment

durchgeführt, dessen Ergebnis nur ihnen selbst bekannt ist. Je nach Ergebnis wird ihnen

dann eine von zwei Ja-/Nein-Fragen zugewiesen. Bei einer der Fragen handelt es sich um

die sensible Frage nach der zu ermittelnden Prävalenz, wie z. B.: „Haben Sie sich schon

einmal an einer informellen Absprache beteiligt?“. Die andere, neutrale Frage dient der

Verschleierung der Antwort, wobei die zu erwartende Wahrscheinlichkeitsverteilung der

Antworten im Voraus abschätzbar sein muss. Hier wird nicht selten das jeweilige

Geburtsdatum erfragt, da dieses in der Bevölkerung in etwa gleich verteilt ist (Statistisches

Bundesamt, 2022; Ulrich et al., 2012), z. B.: „Haben Sie in der ersten Jahreshälfte, also vor

dem 1. Juli eines Jahres, Geburtstag?“ (ungefähre Wahrscheinlichkeit: 50 %). Beide

Fragen werden zusammen nebst einem gemeinsamen Antwortfeld mit den Antwortoptionen

„Ja“ und „Nein“ präsentiert. Die Befragten kreuzen also ihre Antwort an, während nur sie

selbst wissen, auf welche Frage sich die Antwort bezieht. Über die beobachtbare relative

Häufigkeit aller „Ja“-Antworten λ und die a priori bekannten Wahrscheinlichkeiten p, zur

sensiblen Frage geleitet zu werden, und q, die neutrale Frage mit „Ja“ zu beantworten,

lässt sich die gesuchte Prävalenz πs dann schätzen über
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π̂s =
λ̂ − (1 − p) · q

p
. (1)

mit der Varianz

σ2 =
λ · (1 − λ)

n · p2
. (2)

Da es sich bei der Beteiligung justizieller Akteure an informellen Absprachen um ein

sensibles Thema handelt, würden sich RRMs grundsätzlich für eine entsprechende

Befragung eignen. Wie bereits gesehen, spricht hier – zumindest bei Richtern – viel für eine

deutliche Antwortverzerrung durch soziale Erwünschtheit, was die Eignung indirekter

Befragungsmethoden zusätzlich unterstreicht. Um eine Vergleichbarkeit einer

RRM-gestützten Richterbefragung mit der Erhebung von Kinzig, Iberl und Koch (2020)

herzustellen, könnte man etwa nach der Lebenszeitprävalenz bei der Durchführung

informeller Absprachen fragen. Diese entspricht den zusammengenommenen Häufigkeiten

der Antwortoptionen „sehr häufig“, „häufig“ und „selten“ (s. Abb. 1)), die in der

ursprünglichen Befragung präsentiert wurden.

Um die Frage zu beantworten, ob die Anwendung von RRMs zur Ermittlung der

Lebenszeitprävalenz bei der Durchführung informeller Absprachen sinnvoll sein könnte,

wurden einige Simulationen für das UQM durchgeführt.2 Dabei wurde vor allem geprüft,

wie groß eine Stichprobe aus Richtern sein müsste, um potentiell aussagekräftige

Ergebnisse zu erzielen. Einbezogen wurde auch die Möglichkeit, dass einige Befragte immer

mit „Nein“ antworten, unabhängig davon welche Frage ihnen eigentlich zugewiesen würde

(„selbstschützendes Antwortverhalten“). Die Ergebnisse der Simulationen sprechen dabei

recht deutlich für eine Eignung des UQM auch im vorliegenden Fall. So würde man unter

der Annahme, dass die wahre Prävalenz informeller Absprachen bei 58,7 % liegt

(durchschnittliche Lebenszeitprävalenz über alle Berufsgruppen hinweg) und bei einer

2 Ausführliche Informationen dazu und Ergebnisse der Simulationen sind dem Anhang zu entnehmen, der

online unter www.nomos-elibrary.de/10.5771/2365-1083-2022-4-A1 verfügbar ist.
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Abbildung 4

Wahrscheinlichkeitsbaum des Unrelated Question Model (UQM) nach Greenberg et al.

(1969). "S" markiert den Zweig des Baums für Personen, denen die sensible Frage zugelost

wird. "N" markiert den Zweig des Baums für Personen, denen die neutrale Frage zugelost

wird.

N

"nein"
1 − q

"ja"q1
− p

S

"nein"
1 − π

"ja"
π

p

Häufigkeit pauschaler „Nein“-Antworten von 20 % nur rund 200 Richter befragen müssen,

um mit einer zufriedenstellenden Teststärke (β =.8) einen Unterschied zu der Prävalenz

von 29,4 % festzustellen, die bei direkter Befragung der Richter ermittelt wurde (Kinzig,

Iberl & Koch, 2020). In groß angelegten Forschungsprojekten wie dem von Altenhain, Jahn

und Kinzig (2020) dürfte also auch bei zahlenmäßig vergleichsweise kleinen

Gesamtpopulationen (z. B. Befragung justizieller Akteure) stets eine Stichprobengröße

erreicht werden können, die den Einsatz von RRMs ermöglicht.

Falls für manche Befragungsgruppen eine Gefahr niedriger Compliance besteht, die

vermehrte selbstschützende Antworten nach sich ziehen könnte, eignen sich diejenigen

RRMs besonders gut, die ein derartiges Antwortverhalten berücksichtigen. Zu nennen ist

hier z. B. die „Cheater-Extension“ des UQM (UQMC; Reiber, Pope & Ulrich, 2020), eine

Erweiterung des UQM, mit der neben der Prävalenz des untersuchten Merkmals auch die

Häufigkeit selbstschützenden Verhaltens geschätzt werden kann. Gemäß der hier
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durchgeführten Simulationen wäre das UQMC unter gewissen Umständen ebenfalls für die

Befragung von Richtern zu informellen Absprachen geeignet (s. Anhang).

Abschließend ist festzuhalten, dass die Anwendung von RRMs in der

kriminologischen Forschung durchaus als vielversprechend einzustufen ist (s. auch De

Puiseau, Hoffmann & Musch, 2015, und Treibel & Funke, 2004). So werden die

Anforderungen an für RRMs erforderliche große Stichproben in zahlreichen quantitativen

kriminologischen Studien längst erfüllt (z. B. Birkel et al., 2019; Dreißigacker & Riesner,

2018; Ellrich & Baier, 2015; Lutz et al., 2021; Treibel, Dölling & Hermann, 2017; Wegel,

2011), da oftmals ohnehin eine möglichst große Repräsentativität angestrebt wird. Die

kriminologische Forschung beschäftigt sich darüber hinaus mit zahlreichen sensiblen

Themen und heiklen Fragen, die das Aufkommen von Antwortverzerrungen durch soziale

Erwünschtheit begünstigen. Dafür sind die hier im Mittelpunkt stehenden informellen

Absprachen nur ein Beispiel. Bereits jetzt existieren zahlreiche Studien, bei denen RRMs

im Rahmen kriminologisch relevanter Fragestellungen erfolgreich zum Einsatz gekommen

sind (z. B. Dietz et al., 2018; Goodstadt & Gruson, 1975; Houston & Tran, 2001; Iberl,

2021; Musch, Bröder & Klauer, 2001; Reiber, Bryce & Ulrich, 2022; Soeken & Damrosch,

1986; Solomon et al., 2007; Ulrich et al., 2018; Wolter, 2012). Eine breitere Anwendung

von RRMs in der kriminologischen Forschung wäre also für die Zukunft wünschenswert.

Nur so können indirekte Fragemethoden weiter validiert und für die Anforderungen der

Prävalenzforschung optimiert werden, um sich schließlich als gewinnbringende Ergänzung

für die methodische Werkzeugkiste der Kriminologie zu etablieren.
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Appendix

Online-Anhang

Es wurden Powerkurven für das UQM (Greenberg et al., 1969) und das UQMC (Reiber,

Pope & Ulrich, 2020) mit unterschiedlichen Parametern berechnet. Dabei wurde entweder

getestet, ob die angegebene Prävalenz von 29,4 % (entspricht der angegebenen

Lebenszeitprävalenz der Richter in ihrer eigenen Praxis) in einem einseitigen

Konfidenzintervall enthalten ist oder nicht (also, ob ein Unterschied zur gemessenen

Prävalenz in Kinzig, Iberl und Koch (2020) gefunden werden kann), oder, ob der geschätzte

Cheating-Parameter γ sich von 0 unterscheidet.

Der auf der x-Achse variierte Parameter ist entweder die wahre Prävalenz πs oder

die Stichprobengröße N . Es wurde außerdem festgelegt, dass q = .5, p = .67 und im

UQMC p1 = .67 und p2 = .33. Bei πs als frei variierendem Parameter wurde N abgestuft in

100, 300 und 558 (realistisch zu erhebende Stichprobengrößen mit der tatsächlich

erhobenen Stichprobengröße für Richter in Kinzig, Iberl und Koch, 2020). Beim UQMC

wurde diese Stichprobe zweigeteilt, um die beiden Stichproben N1 und N2 zu bilden.

Bei N als frei variierendem Parameter wurde πs abgestuft in die möglicherweise dem

wahren Wert nahekommenden Werte πsr = .444 (Lebenszeitprävalenzangabe der Richter

zu Absprachen nach Hörensagen), πsg = .587 (Lebenszeitprävalenz der Gesamtstichprobe

nach Hörensagen) und πsv = .804 (Lebenszeitprävalenz der Strafverteidiger in der eigenen

Praxis). Außerdem wurde variiert, wie viele Befragte pauschal mit „Nein“ antworten

würden, unabhängig davon, welche Frage ihnen gestellt wird. Dieser Anteil entspricht

gleichzeitig dem wahren Cheating-Parameter γ. Er beträgt γ1 = 0, γ2 = .1, γ3 = .2, . . . ,

γ6 = .5.

Die simulierten Häufigkeiten beruhen auf der zufälligen Generierung von Ja- oder

Nein-Antworten ausgehend von den o. g. variierenden Parametern. Die binomialverteilten

Antworten wurden, um eine effizientere Berechnung zu gewährleisten, durch die

Normalverteilung approximiert.
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Abbildung A1

UQM, 0-20% pausch. Nein-Antworten, Test, ob sich πs von πs0 unterscheidet (abh.: πs).
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Abbildung A2

UQM, 30-50% pausch. Nein-Antworten, Test, ob sich πs von πs0 unterscheidet (abh.: πs).
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Abbildung A3

UQM, 0-20% pausch. Nein-Antworten, Test, ob sich πs von πs0 unterscheidet (abh.: N).
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Abbildung A4

UQM, 30-50% pausch. Nein-Antworten, Test, ob sich πs von πs0 unterscheidet (abh.: N).
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Abbildung A5

UQMC, 0-20% pausch. Nein-Antworten, Test, ob sich πs von πs0 unterscheidet (abh.: πs).
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Abbildung A6

UQMC, 30-50% pausch. Nein-Antworten, Test, ob sich πs von πs0 unterscheidet (abh.: πs).
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Abbildung A7

UQMC, 0-20% pausch. Nein-Antworten, Test, ob sich πs von πs0 unterscheidet (abh.: N).
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Abbildung A8

UQMC, 30-50% pausch. Nein-Antworten, Test, ob sich πs von πs0 unterscheidet (abh.: N).
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Abbildung A9

UQMC, 0-20% pausch. Nein-Antworten, Test, ob sich γ von 0 unterscheidet (abh.: πs).

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

5a: keine pauschalen Nein−Antworten

πs

1
−

β

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

5b: 10 % pauschale Nein−Antworten

πs

1
−

β

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

5c: 20 % pauschale Nein−Antworten

πs

1
−

β

N = 100

N = 300

N = 558

Abbildung A10

UQMC, 30-50% pausch. Nein-Antworten, Test, ob sich γ von 0 unterscheidet (abh.: πs).
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Abbildung A11

UQMC, 0-20% pausch. Nein-Antworten, Test, ob sich γ von 0 unterscheidet (abh.: N).
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Abbildung A12

UQMC, 30-50% pausch. Nein-Antworten, Test, ob sich γ von 0 unterscheidet (abh.: N).
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On Estimating the Frequency of a Target Behavior From
Time-Constrained Yes/No Survey Questions: A Parametric Approach

Based on the Poisson Process

Benedikt Iberl1 and Rolf Ulrich2
1 Faculty of Law, Institute of Criminology, University of Tübingen
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Abstract

We propose a novel method to analyze time-constrained yes/no questions about a target behavior (e.g., “Did
you take sleeping pills during the last 12 months?”). A drawback of these questions is that the relative fre-
quency of answering these questions with “yes” does not allow one to draw definite conclusions about the
frequency of the target behavior (i.e., how often sleeping pills were taken) nor about the prevalence of trait
carriers (i.e., percentage of people that take sleeping pills). Here we show how this information can be
extracted from the results of such questions employing a prevalence curve and a Poisson model. The appli-
cability of the method was evaluated with a survey on everyday behavior, which revealed plausible results
and reasonable model fit.

Translational Abstract

Surveys often address closed questions (e.g., “Did you take sleeping pills in the last 12 months?”), which
respondents should answer with “yes” or “no.” Although answering such time-constrained questions is
straightforward due to the dichotomous response format, the prevalence obtained does not indicate how fre-
quently the target behavior occurs. We propose a novel method of how to estimate this frequency based on
such dichotomous questions. Moreover, this method also allows the determination of the prevalence of trait
carriers (e.g., people that take sleeping pills).

Keywords: survey, time-constrained question, prevalence curve, Poisson process

A major goal of surveys on prevalence estimation is to gather
knowledge about certain target behaviors. Such surveys often rely
on yes/no questions asking participants whether they showed the tar-
get behavior within a specific time frame—therefore, we call these
questions time-constrained yes/no questions. For example, in sur-
veys about the prevalence of drug usage, people are questioned
about drug usage within a 12-month time frame (e.g., Beck et al.,
2021): “Over the last 12 months, have you taken sleeping pills or

drugs for sleep (yes; no; don’t know)?” Time-constrained yes/no
questions generate simple, dichotomous count data, from which
the relative frequency of “yes” and “no” answers is computed. In
our example, Beck et al. (2021) found that 16% of the participants
surveyed in 2020 used sleeping pills in the past year. A major prob-
lem of time-constrained questions is the ambiguity of the resulting
prevalence estimates: Do the results of Beck et al. (2021) imply
that there are around 16% regular sleeping pill consumers? Such a
conclusion is undoubtedly problematic because even a sleeping
pill user might not have consumed the drug in the past year.

Particularly vague is the lifetime prevalence (e.g., Mohebbi
et al., 2019) for most behaviors. The problematic interpretations
of lifetime-prevalence measures were discussed by Fiedler and
Schwarz (2016) in a study on questionable research practices. They
argue that lifetime-prevalence estimates do not measure prevalence
but are a distinct construct. The authors exemplified this problem
in the prevalence of church attendance. Specifically, the percentage
of people who visited a church at least once in their lives must be dif-
ferentiated from the proportion of regular church attendees in the
general population. Transferring this logic to our example, a person
might have used sleeping pills for a limited time and a long while
ago but never since. Including such persons would clearly inflate
prevalence estimates of regular sleeping pill consumers. Hence, prev-
alence estimates relying on time-constrained questions can be ambig-
uous concerning the true frequency of behaviors—even if the time
constraint used is the respondents’ lifetime.
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There are several cases in the literaturewhere prevalence estimations
have been conducted through surveys with time-constrained yes/no
questions (e.g., cannabis usage, Atzendorf et al., 2019; cognitive neu-
roenhancement, Dietz et al., 2018; physical exercise, Lin et al., 2018;
intimate partner violence, Reiber et al., 2022; sexual behavior and
usage of “dating apps,” Sawyer et al., 2018; book reading, Şaşmaz
et al., 2014; physical doping, Ulrich et al., 2018; cooking dinner at
home, Virudachalam et al., 2014). As noted before, this time constraint
hampers the interpretation of results because the relative frequency of
“yes” answers is ambiguous with respect to the occurrence of the target
behavior of interest. Therefore, some authors have tried to circumvent
the ambiguity of these questions by posing multiple-choice questions
that include several time frames at once (e.g., Miller et al., 2020;
Molinaro et al., 2018; Seitz et al., 2020). For example, Seitz et al.
(2020) asked participants if they used sleeping pills in the last 30
days at all, more rarely than once per week, once per week, multiple
times per week, or daily. However, such questions still carry ambigu-
ous information because of the specific time frames employed. Other
authors use semiopen questions to derive more information, such as
asking participants on howmany days they showed a particular behav-
ior in the last month (e.g., Cullen et al., 2018; Soga et al., 2021). Such
tasks, especially semiopen questions, can be very demanding because
participants have to recall more than one occurrence of the behavior in
question, which is an undoubtedly effortful memory task.
In this article, we suggest a novel approach to disambiguate the

results of time-constrained questions and enhance the interpre-
tations of such results. This approach relies on a model based on
a Poisson process. The probability tree in Figure 1 illustrates the
proposed Poisson model. Assume that we want to investigate
the prevalence of sleeping pill consumers in a student sample. The
question posed to the students could be simple, like whether they
used sleeping pills within a specific time frame. As shown in this
figure, the probability tree splits into two main branches, representing
carriers (i.e., participants who in principle engage in the researched
behavior) and noncarriers (i.e., participants who will never engage
in the studied behavior), respectively. The parameter p thus describes
the probability of a randomly selected person in the target population
being a sleeping pill user, while 1− p is the probability of them being
a nonuser. Consequently, nonusers are assumed to answer “no”
regardless of how long the time frame would be.

As can be seen in the upper branch of Figure 1, carriers split into
two subgroups: Those carriers that have shown the behavior in ques-
tion at least once within the specific time frame t, that is, N(t). 0,
and carriers that have not shown it, N(t)= 0. Hence, the first sub-
group would answer “yes,” while the second would answer “no,”
even though the people in the latter group are carriers as well.
Therefore, N(t) represents a random variable, which we assume fol-
lows a Poisson distribution with intensity parameter λ,

P(N(t) = k) = (l · t)k · e−l·t

k!
, (1)

and denotes the probability that the behavior in question occurred k
times within the time frame t. Specifically, for k= 0, the equation
becomes

P(N(t) = 0) = e−l·t
. (2)

According to our model, the probability of a “yes” response for a
randomly drawn participant is then,

P(“yes”|t) = p · P(N(t) . 0), (3)

or equivalently,

P(“yes”|t) = p · [1− P(N(t) = 0)]. (4)

Since N(t) is assumed to follow a Poisson process, the preceding
equation can be rewritten as

P(“yes”|t) = p · 1− e−l·t( )

, (5)

which shows how the predicted prevalence would evolve over time t
(hence we call this function the prevalence curve).

Figure 2 exemplifies predicted prevalence curves. For this plot,
we set the parameter p as .8 or .2 and λ as 1 or 0.25, showing the
predicted prevalence curves of all four possible parameter

Figure 1

Illustration of the Proposed Poisson Model

Note. The sample is divided into carriers C and noncarriers C̄ by the
parameter p, describing the probability of a random participant being a car-
rier of the researched attribute. Noncarriers answer “no” with a probability
of 1. Carriers answer “yes” with a probability of P(N(t). 0) or “no” with
a probability of P(N(t)= 0).

Figure 2

Examples of Prevalence Curves as a Function of p and λ
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combinations. A high value for p, like .8, represents a behavior shown
regularly bymost of the population. Yet a low value, like .2, represents
behavior that only a small part of the surveyed population would
potentially engage in. In this case, λ is to be interpreted in proportion
to the applied unit of time, that is, weeks. So the higher value of 1 indi-
cates that the behavior occurs once per week on average, while the
lower value of 0.25 represents an average occurrence of 0.25 times
per week, so once a month. As shown in Figure 2, the resulting prev-
alence curves rise more steeply with higher values for λ before reach-
ing an asymptote for the maximum prevalence determined by p. This
illustrates the model’s benefits well: It describes how to estimate the
prevalence of a certain behavior (i.e., using two or more different
time intervals) without being tied to a specific time interval, thus solv-
ing the above problem of ambiguity.1

To put the model into practice, we can still ask time-constrained
yes/no questions as in every other prevalence survey, but vary the
time frame t referred to in the question across several groups of par-
ticipants. With the observed numbers of “yes” and “no” answers per
group, it then becomes possible to estimate the parameters λ and p
(see “Appendix A”).
A particularly useful property of the Poissonmodel is that it enhances

the interpretation of the results from time-constrained questions.
Suppose one is interested in the prevalence of sleeping pill usage in a
survey. For example, onemight ask here, “have you consumed sleeping
pills in the last 2 months?” Let us assume that 20% of all respondents
answer “yes” to this question. In this case, there would be an infinite
number of ways within the model to interpret this particular result,
and Figure 3 presents a subset of these possibilities. Thus, the present
approach and the suggested model greatly enhance interpretation
since it allows the determination of the empirically appropriate preva-
lence curve from among these infinite possibilities.
The applicability of the proposed Poisson model for prevalence

estimation was tested in a pilot study. For this purpose, we

interviewed students at Tübingen University via an online survey
on everyday behaviors.

Method

Participants

In total, 28,872 students of Tübingen University were invited to
the survey by email. In total, 872 students filled out the survey,
858 of whom answered all questions. According to our preregistered
data exclusion criteria (see https://osf.io/z35y7), 33 participants
were excluded due to failing an attention check. The remaining sam-
ple of 839 students consisted of 631 female, 192 male, and 13 non-
binary participants with an average age of 23.5 years (SD= 5.0).
Most students were enrolled either in the maths and natural science
faculty or in the faculty of philosophical sciences (31.6% and 24.4%,
respectively). In total, 17.8% of the sample were medical students,
15.8% studied at the faculty of economic and social sciences. The
remaining participants studied law (5.8%), theology (4.1%), or
“miscellaneous” (0.5%).

Materials

The survey consisted of six prevalence questions, an attention
check, and three demographic questions. In the prevalence
questions, participants were asked if they engaged in a certain
day-to-day behavior within a certain time frame (past week, past
month, or past 3 months, depending on the group). They were
asked…

• …if they watched a weekly sports program (the Sportschau)
within the past week/month/3 months.

• …if they watched a weekly crime thriller (the Tatort) within
the past week/month/3 months.

• …if they ate pizza within the past week/month/3 months.
• …if they drank coffee within the past week/month/3 months.
• …if they congratulated a relative on their birthdaywithin the
past week/month/3 months.

• …if they participated in another surveywithin the past week/
month/3 months.

Each question could be answered by clicking a “yes” or “no”
button.

In the attention check, they were presented with seven topics.
Their task was to select the topics they were asked about in the six
previous prevalence questions to identify the decoy option. This
item was used as a data exclusion criterion. The topics listed were
“other surveys,” “the Sportschau,” “coffee,” “crayons” (decoy),
“birthday congratulations,” “the Tatort,” and “pizza.” In the demo-
graphic questions, the participants were asked about their age, sex,
and in which faculty they were studying.

Design

The six prevalence questions varied between groups regarding the
time frame (1 week, 1 month, and 3 months). Each participant was

Figure 3

Possible Prevalence Curves for Sleeping Pill Use That Are
Consistent With P(“yes”|t= 2)= 0.2
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1 The parameter λ might vary across participants. In the discussion below,
we show how this can be addressed quantitatively by an elaborated version of
the Poisson model.
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randomly assigned to one of the three groups. The questions were
presented in randomized order on an individual level to avoid any
potential sequence effects.

Procedure

The email invitations were sent to the students onMarch 23, 2022,
starting at 3:20 p.m. In the invitation, the students were briefly told
about the goals and contents of the survey. Requirements for partic-
ipation (at least 18 years old, enrolled as students at Tübingen
University, and fluent in German) were mentioned, as well as the
basic legal framework (voluntary participation, complete anonym-
ity, and confidential use of all gathered data), and the predicted dura-
tion of the survey (2–3 min). As an incentive for participation, the
possibility of winning one of five 10 bookstore vouchers was also
pointed out to the potential participants. The link to the online survey
was contained in the email invitation.
On the first page of the survey, the students were presented with a

welcome text, which included information similar to that in the

invitation. After continuing, the six randomly ordered prevalence ques-
tions were presented to the participants, each question on an individual
survey page. For a given participant, the time frame used was the same
for all questions. On page 8, the attention check was presented, fol-
lowed by the demographic questions on the subsequent page. On the
last page, the students could state their email addresses if they wanted
to participate in the voucher lottery. Throughout the whole survey, no
answers were enforced. When participants did not answer a certain
item, they were shown a warning and asked if they wanted to skip
the question. The survey was online for 2 weeks and taken down on
April 6, 2022. Then the lottery winners were drawn randomly on
May 10, 2022, and received their vouchers on May 18, 2022.

All computations were executed using the free software R (R Core
Team, 2018). See https://osf.io/7ptsd/ for the complete data and
analysis code.

Results

The observed frequencies of “yes” and “no” answers to all ques-
tions are presented in Table 1. The sample sizes are n1= 283 for the
last week group, n2= 284 for the last month group, and n3= 272 for
the last 3 months group.

The maximum likelihood method was used to estimate the model
parameters (see Appendix A). In addition, a parametric bootstrapping
procedure (e.g., Boos, 2003) with 1,000 bootstrap samples was
employed to estimate the standard error of the estimates along with
95% confidence intervals. The average bootstrapped estimates for p
and λ are presented in Table 2. As described above, low values for
p, as calculated for the sports program and crime thriller questions,
indicate a large portion of noncarriers. The highest estimation for p
results for the pizza question, so almost every surveyed participant
seems to eat pizza at least once in a while. Unsurprisingly, the λ

parameter is highest for coffee consumption, representing a high fre-
quency of this behavior. Since the mean time interval between two
occurrences is the inverse of λ (see above), the coffee drinkers
among the survey students drink coffee every 0.46 weeks on average,
so approximately every three to three and a half days. Meanwhile, par-
ticipation in other surveys seems to be the rarest behavior with a λ

parameter of 0.283, resulting in an average time interval between sur-
vey participation of about three and a half weeks. Table 2 also shows
95% confidence intervals for the estimated parameters, simultane-
ously showing the accuracy of measurement and serving as a means
of hypothesis testing.

Table 1

Observed Frequencies of “Yes” and “No” Answers for Each
Question

Question

Time frame

Last week Last month Last 3 months

Sports program
“Yes” 27 48 65
“No” 256 236 207

Crime thriller
“Yes” 22 59 69
“No” 261 225 203

Pizza
“Yes” 131 250 257
“No” 152 34 15

Coffee
“Yes” 171 190 188
“No” 112 94 84

Birthday congrat.
“Yes” 77 191 239
“No” 206 93 33

Other surveys
“Yes” 53 140 194
“No” 230 144 78

Table 2

Maximum Likelihood Estimates, SE, and 95% Bootstrap Confidence Intervals for p and λ, and Results of G-Tests Evaluating the
Appropriateness of the Proposed Model

Question

p λ

G p valueEstimate SE 95% CI Estimate SE 95% CI

Sports program .230 .028 [.181, .291] 0.502 0.193 [0.241, 0.979] 1.649 .199
Crime thriller .263 .028 [.211, .323] 0.382 0.104 [0.220, 0.625] 0.123 .726
Pizza .945 .013 [.919, .968] 0.675 0.055 [0.574, 0.789] 0.001 .976
Coffee .679 .019 [.642, .718] 2.394 0.862 [1.567, 4.956] 0.311 .577
Birthday congrat. .891 .024 [.847, .937] 0.360 0.033 [0.300, 0.425] 0.058 .810
Other surveys .739 .037 [.673, .817] 0.285 0.039 [0.211, 0.369] 0.107 .743

Note. The rate of occurrence λ has the dimension (week)−1. The point estimates, standard errors, and confidence intervals were calculated using a parametric
bootstrap algorithm with 1,000 bootstrap samples. AllG-tests were carried out with one degree of freedom (df= 1). The p values are presented for interpretation
of the G-tests.
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The prevalence curves predicted by the Poisson model are pre-
sented in Figure 4 alongside the observed prevalence of “yes”
answers. The horizontal lines represent the estimated p values for
each question. G-tests were conducted to evaluate model fit, with
the results presented in the last two columns of Table 2. None of
the tests yield significant results, indicating an appropriate model fit.
As mentioned earlier, with the parameter estimates of p and λ, we

can now infer predictions about the prevalence in time frames that
were not directly measured in the survey. For example, if we want
to make statements about daily pizza consumption, we can insert
the estimates p= .945 and λ= 0.672 along with t= 1/7 in the prev-
alence curve, yielding

P “yes”|t =
1

7

( )

= .945 · 1− e−0.672·17
( )

= .087. (6)

According to the assumed Poisson process, the expected number and the
standard deviation of events occurring within the time interval t is

E[N(t)|carrier] = l · t, (7)

SD[N(t)|carrier] =
�����

l · t
√

. (8)

Therefore, the estimate of λ can be used to compute the mean number
and the variability of carriers’ behaviors occurring within a specific
time interval t. For pizza eaters, one would calculate their mean fre-
quency of eating pizza per week as E[N(1)|carrier]= 0.672 with
SD[N(1)|carrier]= 0.820. Furthermore, the resulting probability mass
function of N(1) as shown in Figure 5 is

P(N(1) = k|carrier) =
(0.672 · 1)k · e−0.672·1

k!
. (9)

Thus, although we did not ask in the survey about the frequency of
the target behavior within a certain time frame, the estimate for λ
allows one to infer this frequency. Moreover, this method allows
one to identify the true prevalence of trait carriers, p. Neither of
these two pieces of information can be inferred directly from time-
constrained yes/no questions.

Discussion

In surveys, researchers are often interested in the frequency of cer-
tain target behaviors within a specified time frame. For example, a

Figure 4

Observed Proportion of “Yes” Answers and Predicted Prevalence Curves According to the Proposed
Model

●

●

●

0 2 4 6 8 10 12

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

sports program

time [weeks]

P
(''

Y
e
s
'' 

| 
t)

●

●

●

0 2 4 6 8 10 12

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

crime thriller

time [weeks]

P
(''

Y
e
s
'' 

| 
t)

●

●

●

0 2 4 6 8 10 12

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

pizza

time [weeks]

P
(''

Y
e
s
'' 

| 
t)

●

●
●

0 2 4 6 8 10 12

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

coffee

time [weeks]

P
(''

Y
e
s
'' 

| 
t)

●

●

●

0 2 4 6 8 10 12

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

birthday congratulations

time [weeks]

P
(''

Y
e
s
'' 

| 
t)

●

●

●

0 2 4 6 8 10 12

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

other surveys

time [weeks]

P
(''

Y
e

s
'' 

| 
t)

Note. The error bars represent 95% confidence intervals.
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health psychologist may investigate how frequently respondents take
sleeping pills within a month. Asking respondents how often they
took such pills within such a time frame is undoubtedly more
memory-demanding to answer than merely asking them if they
took any sleeping pills within this time frame at all. This may be
the reason why researchers usually merely ask whether the target
behavior was elicited within a certain time frame or at least once
in a person’s life. However, one drawback of such dichotomous
yes/no questions is that their answers are difficult to interpret.
First, a prevalence estimate based on a single time frame is compat-
ible with an infinite number of prevalence curves that differ in the
rate of occurrence and the proportion of carriers (compare
Figure 3). Second, such a time-constrained prevalence does not
offer any information about how frequently a target behavior occurs
within a specific period of time.
We proposed a novel methodological approach to overcome these

problems. This approach requires that time-constrained prevalence is
observed for at least two different time frames (e.g., 1 week and 1
month). In the second step, a Poisson model is employed to estimate
the underlying prevalence curve using a standard maximum likeli-
hood procedure. This curve is determined by two parameters.
First, the asymptote of this curve reflects the proportion of carriers,
that is, respondents who potentially show the behavior in question.
Second, the slope of this curve is governed by the rate of occurrence,
allowing one to infer information about how often such behavior
occurs within a specific time interval (e.g., 2 weeks). If more than
two time frames are employed in a survey, the empirical adequacy
of the model can be evaluated, for example, with standard goodness
of fit tests.
We tested the model in a student sample, using six questions

about day-to-day activities and habits, resulting in appropriate
model fits. Moreover, the estimated parameters were plausible.
For example, it seems natural that only about two-thirds of

students are coffee drinkers. According to the predictions of the
Poisson model, about 60% of the queried students drink coffee
once a week. A survey in 2018 determined that 42% of German
people between 18 and 35 describe themselves as daily coffee
drinkers (Aral, 2018). Our prevalence estimate for coffee drinkers
compares relatively well to these results, considering the age dif-
ference between samples—coffee consumption is reported lowest
for younger people (Aral, 2018), so there are probably fewer daily
coffee drinkers in student samples. Regarding pizza eaters, a
recent study revealed that about 26% of students in Germany eat
pizza at least weekly and that only 12% of them classified them-
selves as nonpizza eaters (VuMA Touchpoints, 2021b).
However, the sample was only asked about their habit of eating
frozen pizza (VuMA Touchpoints, 2021a). Considering that
some students might prefer nonfrozen pizza from restaurants or
delivery services, or even pizza made by themselves, our estimates
also seem quite plausible here. As another example, our p-estimate
for viewers of the sports program lies at .227. The proportion of
people who like watching any sports programs “very much” is
about 18% in Germany, with 14% watching less enthusiastically
(IfD Allensbach, 2021). It is furthermore notable that this preva-
lence has been decreasing steadily since 2018 (IfD Allensbach,
2021). So, because we only asked about one specific sports pro-
gram and our sample is comparatively less interested in such pro-
grams due to their young age, this estimate also seems to match the
results of other sources rather well. Of course, more future empir-
ical research is required to validate the reliability of this novel
approach.

Poisson processes have often been employed to predict human
behavior in various research domains. For example, they have
been used to model the outcome of soccer games (e.g., Heuer
et al., 2010; Nguyen, 2021; Zebari et al., 2021) or of phone calls
directed at a call center (e.g., Bonilla-Escribano et al., 2020; Jiang
et al., 2016; Weinberg et al., 2007). But also people connecting to
wireless networks (Papadopouli et al., 2005; Tyagi et al., 2015) or
parking space usage (Peng & Li, 2016) seem to be suitable for
Poisson modeling. The Poisson process is one of the most important
models for describing random events evenly distributed over time
(Dehling & Haupt, 2003). So, it is not surprising that the Poisson
model’s results match well with the prevalence estimates in our
study, resulting in low G-values.

The proposed Poisson model in this article assumes that the rate λ
is identical for all carriers. However, this assumption may be unreal-
istic because it might be too restrictive. To estimate the influence of
such variation, let us assume that the rate λ is normally distributed
with the mean μ standard deviation σ. Under this assumption, we
can show that the prevalence curve takes the following explicit
form (see Appendix B),

P(“yes”|t) = p · 1− e−m·t+0.5·s2·t2
[ ]

. (10)

It can be seen that this equation would reduce to the above
prevalence curve (i.e., Equation 5) for σ= 0. Figure 6 shows an
example of how the model’s predictions change when we assume
some variability in rates. The solid prevalence curve shows the
prediction for σ= 0 and the dashed curve for σ= 0.1 with a vari-
ation coefficient of (σ/μ)= (0.1/0.5)= 0.2; the theoretical dis-
tribution of λ is shown in the left figure. The surprising result is

Figure 5

Probability Mass Function for Pizza Eaters of Consuming k Pizzas
Within a Week (i.e., t= 1)
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that the influence of σ on the prevalence curve appears to be
negligible.
To test our impression that the addition of a variability parameter

would be of little use, we fitted our data to the compound Poisson
model, which includes the parameter σ. As can be seen in Table 3,
neither the estimates of p and μ of the compound model, nor the
G-values deviate much from their counterparts of the simple
model (see Table 2). So, since the influence of σ appears to be
quite small, we propose to use the simple model with σ= 0, unless
a priori reasons let one suppose that the variation of the rates is rel-
atively large.
The accuracy of the parameter estimators is crucial to the quality

of the model’s predictions. To achieve good accuracy with the
standard Poisson model, we suggest using at least three time

frames. While parameter estimation is already possible with only
two time frames and thus two groups, the accuracy of the estima-
tion increases with a third time frame, and the additional degree of
freedom enables one to evaluate the empirical adequacy of the
Poisson model. Moreover, the time frames should not be chosen
arbitrarily.

When the target behavior is frequent, the parameter estimation
would be inaccurate for relatively long time frames. For example,
using 1 year as the shortest time frame when asking a question
about drinking coffee would undoubtedly result in an imprecise
estimation for λ. Similarly, when researching an infrequent target
behavior, the accuracy of the estimation for p would likely be
poor if only short time frames are used. For example, in a survey
about hiking, the number of carriers (i.e., hikers) would probably
be underestimated if the time-constrained questions used the
time frames “last week,” “last 2 weeks,” and “last month.”
Parameter estimation for λ and p is best when the longest time
frame yields a prevalence close to the asymptote of the prevalence
curve and with the two remaining time frames covering the
slope of the prevalence curve. Therefore, it seems advisable to
perform some piloting before conducting a large-scale survey
when little or nothing is known in advance about the behavior
in question.

To test the reliability of the model, we simulated “true” occur-
rences of target behavior across 12 months for different values of
λ and p (see Appendix D). We then tested how well the Poisson
model recovers these parameters, using different sample sizes and
combinations of three time frames as points of measurement.
While we found some inaccuracies for certain combinations (e.g.,
too long time frames and a large true rate λ, or too short time frames
and a small true rate λ), the model’s estimates are reliable overall—
and thus, predictions made on its basis would most likely be accu-
rate. Of course, as mentioned above, further empirical applications
are needed to truly assess the performance of predictions made
with the Poisson model.

In conclusion, the proposed Poisson model provides valuable
information about the number of carriers and noncarriers and
the frequencies of the researched behaviors. Furthermore, the
present study revealed that the model offers reasonable empirical
estimates of target behaviors (i.e., about frequency and preva-
lence of these behaviors) by using time-constrained yes/no ques-
tions. Without such a model, this information cannot be directly
inferred from the percentage of “yes” responses to those
questions.

Table 3

Maximum Likelihood Estimates and 95% Confidence Intervals for p, μ, and σ and G-Values of the Compound Poisson Model

Question

p μ σ

GEstimate SE 95% CI Estimate SE 95% CI Estimate SE 95% CI

Sports program .229 .029 [.182, .288] 0.525 0.212 [0.240, 1.091] 0.092 0.051 [0.000, 0.198] 1.518
Crime thriller .264 .028 [.215, .326] 0.382 0.101 [0.220, 0.599] 0.026 0.037 [0.000, 0.102] 0.123
Pizza .946 .013 [.919, .970] 0.681 0.057 [0.580, 0.808] 0.066 0.067 [0.000, 0.156] 0.000
Coffee .682 .019 [.644, .720] 2.395 0.766 [1.590, 4.221] 0.251 0.154 [0.000, 0.512] 0.303
Birthday congr. .892 .023 [.844, .936] 0.362 0.034 [0.301, 0.433] 0.037 0.036 [0.000, 0.085] 0.017
Other surveys .745 .039 [.668, .822] 0.285 0.040 [0.218, 0.375] 0.035 0.028 [0.000, 0.073] 0.071

Note. The point estimates, standard errors, and confidence intervals were calculated using a parametric bootstrap algorithm with 1,000 bootstrap samples.
G-tests are not carried out since there are no degrees of freedom (df= 0).

Figure 6

Random Variation of the rate λ and the Shape of the Prevalence
Curve
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Note. Left panel: The rate λ is assumed to be normally distributed with
mean μ= 0.5 and standard deviation σ= 0.1. Right panel: Solid prevalence
curves with σ= 0 and dashed curvewith σ= 0.1. The prevalence parameter
p is .7 in each case.
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Appendix A

Maximum Likelihood Estimation

The likelihood function of the proposed Poisson model is

L(p, l) =
∏

m

j=1

∏

nj

i=1

P(“yes”|tj)aj · P(“no”|tj)bj
[ ]

(A1)

with the number of groups m, the sample size per group nj, the time
frame per group tj that the question refers to, the observed number of
“yes” answers per group aj and the observed number of “no” answers

per group bj. Taking the log of Equation A1 gives

log L(p, l) =
∑

m

j=1

∑

nj

i=1

aj · log [P(“yes”|tj)]+ bj · log [P(“no”|tj)]
[ ]

.

(A2)

Maximizing Equation A2 by a numerical search routine yields the
maximum likelihood estimators for the parameters λ and p.

Appendix B

Compound Poisson Model

Let f be the probability density function associated with the rate of
occurrence λ. The compound Poisson model is then generally given
as

P(“yes”|t) =
∫

P(“yes”|t,l)f (l) dl (B1)

= p · 1−
∫

e−l·tf (l) dl
[ ]

. (B2)

Note that the integral resembles the moment-generating function
M(t) of f, that is,

M(t) =
∫

el·tf (l) dl (B3)

with the modification that tmust be replaced by− t in the respective
moment-generating function. Therefore, we can generally write

P(“yes”|t) = p · [1−M(−t)]. (B4)

For example, the moment-generating function of a normal

distribution with μ and σ is given by

M(t) = em·t+0.5·s2·t2 (B5)

and thus

P(“yes”|t) = p · 1− e−m·t+0.5·s2·t2
[ ]

. (B6)

Clearly, μ. 0 should be relatively large with respect to σ, such that f
is virtually zero at μ= 0. Therefore, in all computations for the com-
pound model, we restricted σ such that σ,0.2 · m but .0.

Another candidate for f could be a rectangular distribution with
0, a≤ λ≤ b and the moment-generating function

M(t) =
eb·t − ea·t

t · (b− a)
(B7)

yielding

P(“yes”|t) = p · 1−
e−a·t − e−b·t

t · (b− a)

[ ]

. (B8)

Appendix C

Statistical Analysis With R

In this appendix, we give an example of the statistical analysis
with the proposed (two-parameter) Poisson model. For this purpose,
we use the data of the “pizza” question. Note that the parameter

estimates will differ slightly with each computation due to the sam-
pling in the parametric bootstrap method.

## data ##

lim <- 1e-10 # lower limit for p and lambda (0)

up_lim_lam <- 7 # upper limit for lambda (7)

t0 <- c( 1, 4, 12) # time frame per group [weeks]

N.t <- c(283, 284, 272) # sample size per group

a <- c(131, 250, 257) # observed yes-answers (pizza)

b <- N.t - a # observed no-answers

(Appendices continue)
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## functions ##

# function of the prevalence curve #

pc <- function(t, p, lam) {p*(1-exp(-lam*t))}

# log-likelihood function for maximum likelihood estimation

MLE <- function(par, a, b){

p <- par[1]

lam <- par[2]

pyes <- pc(t0, p, lam)

lL <- a*log(pyes) + b*log(1-pyes)

MLE <- -sum(lL)

}

# G function for testing model fit

Gf <- function(par, a, b){

p <- par[1]

lam <- par[2]

E.t.yes <- pc(t0, p, lam)*N.t

E.t.no <- N.t - E.t.yes

G <- 2*sum(a*log(a/E.t.yes) +

b*log(b/E.t.no))

return(G)

}

## parameter estimation via bootstrap sampling (1000 samples) ##

# creating vectors for the observed yes-/no-answers in each group

obs.t1 <- c(rep(1, a[1]), rep(0, b[1]))

obs.t2 <- c(rep(1, a[2]), rep(0, b[2]))

obs.t3 <- c(rep(1, a[3]), rep(0, b[3]))

# bootstrap sampling

p.b <- numeric(1000)

lam.b <- numeric(1000)

for(i in 1:1000){

# resampling a and b from observed data

a.b <- c(sum(sample(x=obs.t1, size=N.t[1], replace=TRUE)),

sum(sample(x=obs.t2, size=N.t[2], replace=TRUE)),

sum(sample(x=obs.t3, size=N.t[3], replace=TRUE)))

b.b <- N.t - a.b

# maximum likelihood estimation of the redrawn sample

ML <- optim(par = c(0.5, 0.8), a = a.b, b = b.b,

fn = MLE, method = 'L-BFGS-B',

lower = c(lim, lim),

upper = c(1-lim, up_lim_lam))

# extracting p and lambda estimates

p.b[i] <- ML$par[1]

lam.b[i] <- ML$par[2]

}

# extracting parameter estimators, SEs and 95%–CIs

p.m <- mean(p.b) # point estimate for p

p.se <- sd(p.b) # standard error for p

p.ci <- quantile(p.b, c(.025,.975)) # 95%-CI for p

lam.m <- mean(lam.b) # point est. for lambda

am.se <- sd(lam.b) # se for lambda

lam.ci <- quantile(lam.b, c(.025,.975)) # 95%-CI for lambda

(Appendices continue)
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## G-test ##

# G estimation

Gest <- optim(c(0.5,0.8), a = a, b = b,

fn = Gf, method='L-BFGS-B',

lower = c(lim, lim),

upper = c(.999, up_lim_lam))

# extracting G- and p-values

Gval <- Gest$value

pval <- pchisq(Gest$value, df = 1, lower.tail=FALSE)

Appendix D

Parameter Recovering Performance

The Monte-Carlo study in this appendix investigates the perfor-
mance of the Poisson model in recovering the parameters p and λ

that were used to simulate time-constrained yes/no survey data.
More specifically, the study simulated the occurrence of such behav-
ior over the past 12 months for a sample consisting of n virtual par-
ticipants. Each virtual participant was a carrier with the probability p
and a noncarrier with the complementary probability 1− p.
Table D1 illustrates a simulated data set. For each of the preceding

12 months, this set shows the simulated occurrences of the target
behavior for each virtual participant. For example, for Participant
5 (a carrier) the target behavior occurred thrice during the past 3
months. Moreover, each simulation allotted a participant to one of
three time frames (e.g., the past 2, 6, or 12 months). Then it was reg-
istered whether the target behavior occurred within this time frame or
not. For example, for the past 2 months, Participants 1, 2, 3, 4, and 5
would respond with “no,” “yes,” “no,” “no,” and “yes,” respectively.
In each simulation, such a data set with yes/no answers was gener-
ated, and the parameters p and λ were estimated with the R code
described in Appendix C.
The simulation study orthogonally combined three sets of time

frames (Set 1: 1, 3, and 9 months; Set 2: 2, 6, and 12 months; Set
3: 1, 2, and 6 months), p (.5 or .7), λ (0.2, 0.5, or 1) and sample
size n (250 or 500 participants per group/time frame, so total sample

size is 750 or 1,500). The measurement unit of λ is 1/month, that is, λ
represents the average number of monthly occurrences. For each of
the 36 factorial combinations, 1,000 data sets were simulated, and
for each set, the parameters p and λ were estimated. The results
are presented in Tables D2, D3, and D4.

The simulations revealed that the model’s performance in recov-
ering the parameters p and λ is rather reliable. However, estimation
accuracy depends on the specified time frames. For example, λ esti-
mation in simulations 13 and 14 (see Table D3) is somewhat impre-
cise, since the true underlying rate is high, but there is no point of
measurement for the shortest time frame. So, the slope of the under-
lying prevalence curve is not captured precisely. In simulations 29
and 30 as well as in simulations 35 and 36 (see Table D4) on the
other hand, the estimator for p is relatively inaccurate. This is due
to the low rate of the simulated behavior and the short time frames
used for measurement. In this case, the asymptote of the prevalence
curve is not adequately captured, which worsens the estimation of p.
In summary, this simulation study has revealed that in most cases the
parameter recovering is excellent.

Table D1

Example for a Data Set Containing Simulated Occurrences of
Behavior in Each of the Preceding 12 Months

ID Carrier

ith preceding month

1 2 3 4 5 6 … 12

1 Yes 0 0 0 1 1 0 … 1
2 Yes 1 0 0 2 0 1 … 0
3 No 0 0 0 0 0 0 … 0
4 No 0 0 0 0 0 0 … 0
5 Yes 1 2 0 0 0 2 … 1
6 No 0 0 0 0 0 0 … 0
⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮

n Yes 0 3 0 0 1 0 … 1

Table D2

Results of Simulations 1–12

Simulation no. True p True λ n

p Estimate λ Estimate

M SE M SE

1 .5 1.0 250 .501 .020 1.037 0.220
2 .5 1.0 500 .501 .014 1.011 0.144
3 .5 0.5 250 .502 .029 0.508 0.093
4 .5 0.5 500 .501 .021 0.502 0.063
5 .5 0.2 250 .526 .103 0.201 0.060
6 .5 0.2 500 .508 .063 0.203 0.042
7 .7 1.0 250 .701 .019 1.017 0.152
8 .7 1.0 500 .699 .013 1.014 0.104
9 .7 0.5 250 .703 .027 0.506 0.068
10 .7 0.5 500 .702 .019 0.501 0.048
11 .7 0.2 250 .717 .093 0.202 0.045
12 .7 0.2 500 .709 .063 0.201 0.032

Note. Simulations for time frame set 1, 3, and 9 months.

(Appendices continue)
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Table D3

Results of Simulations 13–24

Simulation no. True p True λ n

p Estimate λ Estimate

M SE M SE

13 .5 1.0 250 .501 .014 1.221 0.962
14 .5 1.0 500 .500 .010 1.101 0.601
15 .5 0.5 250 .502 .022 0.510 0.104
16 .5 0.5 500 .501 .015 0.509 0.077
17 .5 0.2 250 .509 .062 0.206 0.054
18 .5 0.2 500 .504 .040 0.204 0.037
19 .7 1.0 250 .701 .013 1.073 0.469
20 .7 1.0 500 .700 .009 1.029 0.156
21 .7 0.5 250 .702 .019 0.501 0.072
22 .7 0.5 500 .701 .014 0.502 0.052
23 .7 0.2 250 .709 .060 0.203 0.040
24 .7 0.2 500 .702 .039 0.203 0.027

Note. Simulations for the time frame set 2, 6, and 12 months.

Table D4

Results of Simulations 25–36

Simulation no. True p True λ n

p Estimate λ Estimate

M SE M SE

25 .5 1.0 250 .501 .026 1.037 0.214
26 .5 1.0 500 .501 .017 1.014 0.139
27 .5 0.5 250 .508 .043 0.502 0.104
28 .5 0.5 500 .502 .030 0.503 0.074
29 .5 0.2 250 .563 .184 0.203 0.083
30 .5 0.2 500 .529 .133 0.206 0.064
31 .7 1.0 250 .701 .024 1.017 0.149
32 .7 1.0 500 .702 .016 1.001 0.099
33 .7 0.5 250 .703 .043 0.508 0.081
34 .7 0.5 500 .702 .028 0.501 0.051
35 .7 0.2 250 .729 .148 0.206 0.065
36 .7 0.2 500 .720 .116 0.203 0.047

Note. Simulations for the time frame set 1, 2, and 6 months.
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The Poisson model (Iberl & Ulrich, 2023) is a new survey technique that enables the estimation of how fre-

quently a certain behavior occurs, while employing easy-to-answer yes/no-questions that refer to a specific

time frame (e.g., “Did you participate in gambling during the last 12 months?”). In this paper, this model is

combined with the unrelated question model (UQM) by Greenberg et al. (1969). The UQM is another survey

technique that guarantees complete and objective anonymity to participants in order to achieve more valid

survey results when asking sensitive questions (e.g., about drug use). The resulting Poisson extension of

the UQM (UQMP) is expected to yield valid estimations for how many participants engage in a researched

sensitive behavior, and how regularly they do so. The performance of the UQMP was compared to the per-

formance of the standard Poisson model, employing direct questions, in a survey on drinking and driving.

While prevalence estimates differ greatly between the UQMP and the standard Poisson model, the results

of both models indicate a high rate of drinking and driving among those German traffic participants who

generally engage in this behavior. The different prevalence estimates could be due to the fact that some par-

ticipants in online studies read instructions superficially, lowering the quality of results; we discuss possible

causes for these problems and why the UQMP or similar approaches can be valuable nonetheless.

Keywords: Randomized Response Technique; Unrelated Question Model; survey research;

time-constrained questions; prevalence curve; Poisson process

1 Introduction

In survey research, one is often interested in obtaining

prevalence estimates describing a certain target behavior.

Prevalence estimates can be useful in many politically or

socially important fields, such as for the assessment of pub-

lic opinion or to evaluate the frequency of criminal or risky

behavior like drug abuse. Oftentimes, these prevalence es-

timates are produced by posing yes/no questions that refer

to a particular time frame, such as “Did you gamble in the

past 12 months” (e.g., Andrie et al., 2019; Atzendorf et al.,

2019; Beck et al., 2021; Birkel et al., 2022; Burr et al.,

1989; Ferrante et al., 2012; Han et al., 2015; Isolauri &

Laippala, 1995; Linton et al., 1998; McCabe et al., 2006;

McKetin et al., 2006; Şaşmaz et al., 2014; Sawyer et al.,

Corresponding author: Benedikt Iberl, Eberhard Karls

University of Tübingen, Tübingen, Germany (Email:

)

2018; Virudachalam et al., 2014). In this paper, we will call

such questions time-constrained yes/no questions.

However, one might not only be interested in whether

the concerning behavior has occurred within a certain time

frame, but also how often the behavior is shown. So, be-

sides the information about whether someone was gambling

in the last year, a researcher might be interested in the rate

of this behavior (i.e., the average frequency of the concern-

ing behavior per time unit). To measure this rate, one could

simply ask participants how often they have engaged in the

behavior in question within a certain time frame (e.g., “How

often did you gamble in the past 12 months?”). This kind

of questioning technique is also widely used in prevalence

research (e.g., Cullen et al., 2018; Miller et al., 2020; Moli-

naro et al., 2018; Seitz et al., 2020; Soga et al., 2021). Re-

sponding to questions that require more than a simple yes or

no answer may present some challenges compared to time-

constrained yes/no questions. Answering time-constrained

yes/no questions might be quicker and less demanding for

participants since they only need to recall one instance of

the behavior in question. Although there is no direct re-
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search comparing the effort needed to answer time-con-

strained yes/no questions with those asking about behavior

frequency, studies suggest that retrieving multiple memo-

ries of events or behavior instances can be more taxing for

participants (e.g., Aarts & Dijksterhuis, 1999; Bousfield &

Sedgewick, 1944; Echterhoff & Hirst, 2006; Janssen et al.,

2011; Schwarz et al., 1991).

In conclusion, these questions share a fundamental weak-

ness: The resulting prevalence estimates are ambiguous and

do not yield reliable information about the number of people

regularly engaging in the behavior, or trait carriers. For ex-

ample, in a study on addictive behavior, Andrie et al. (2019)

asked students in several European countries whether they

gambled in the past 12 months. According to the results,

12.5% of the surveyed participants gambled in the past year

(Andrie et al., 2019). Obviously, these results are not con-

clusive regarding the number of trait carriers, that is, regular

gamblers within the student population. Instead, they only

yield a punctually relevant prevalence estimation. For in-

stance, there might be gamblers that did not gamble in the

past year; so, this past-year prevalence of 12.5% is obvi-

ously not the same as the prevalence of gamblers in the

underlying population. Assuming otherwise would result in

an underestimation of the prevalence one wants to mea-

sure. One might try to circumvent this ambiguity by ex-

panding the time frame in the posed question, measuring

the lifetime prevalence in the most extreme example. How-

ever, with such broad time frames, some respondents who

are not gambling on a regular basis, but only did so once

or twice a long time ago, might be included in the preva-

lence estimate, despite one would not describe them as gam-

blers (Fiedler & Schwarz, 2016). Thus, an inflated estimate

would result. Another solution might be to ask the partici-

pants directly whether they consider themselves to be gam-

blers. While this would undoubtedly be the most straight

forward approach, self-assessments might yield problem-

atic results as well (e.g., due to social desirability bias).

In the following, we introduce a recently proposed

method that can solve both mentioned problems of time-

constrained yes/no questions (no information about the

rate of the behavior and ambiguity of prevalence estimates

due to punctual information) while still using the same

kind of questions (Iberl & Ulrich, 2023). Based on a Pois-

son process, this method might be an efficient solution

to these problems compared to the mentioned traditional

alternatives.

1.1 The Poisson model: A solution for the problems of

time-constrained questions?

This Poisson model (Iberl & Ulrich, 2023) yields preva-

lence estimates of trait carriers (and, in turn, of non-carri-

ers). Additionally, it becomes possible to estimate the rate

of the behavior in question. Nonetheless, nothing changes

for the participants — they still get asked simple time-

constrained yes/no questions; however, they are split into

multiple groups. Between groups, the questions are varied

slightly: For each group, the respective question refers to

a different time-frame t. Since the Poisson model is based

on a Poisson process, it can be used to describe any form

of behavior that can be assumed to occur regularly and

periodically, for example, driving a car, drinking coffee, or

smoking cigarettes.

In Fig. 1, the Poisson model is depicted as a probability

tree. This tree shows the probability of answering “yes”

or “no” to any question on whether a respondent behaved

in a certain way in a specific time frame t. According to

the model, the probability of being a carrier is π, with the

probability of being a non-carrier being defined by 1–π.

Non-carriers, who are represented in the lower branch

of the tree, would always answer “no” to a question asking

whether they behaved in a certain way (e.g., whether they

gambled) in a certain time frame t. The probability of a no-

answer would always be 1 for non-carriers, regardless of

the time frame, because they do not engage in the behavior

in question. For carriers, on the other hand, two answers are

possible. One group of carriers could answer “no”, because

they did not show the behavior in the time frame t referred

to in the question .N.t/ = 0/. The other group of carriers

might have engaged in the behavior at least once in the time

frame (so N.t/ = 0/, and would thus answer “yes”.

Since we assume the behavior to be Poisson distributed,

N(t) represents a random variable with the rate parameter λ,

which denotes the average number of occurrences of the

target behavior per time unit. In other words, the reciprocal

of λ is the average interoccurrence time. In addition, the

probability of k occurrences of the target behavior within

the time frame t is given by

P.N.t/ = k/ =
.� � t/k � e−��t

kŠ
: (1)

Thus, the probability of a no-answer is

P.N.t/ = 0/ = e−��t : (2)

A random participant would answer with “yes” to the

time-constrained prevalence question with the probability

P."yes" j t/ = � � P.N.t/ > 0/ (3)

or

P."yes" j t/ = � � Œ1 − P.N.t/ = 0/�: (4)
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Fig. 1

Probability tree of the Poisson model. The sample is divided into carriers C and non-carriers C

by the parameter π, describing the probability of a random participant being a carrier of the

researched attribute. Non-carriers answer “no” with a probability of 1. Carriers answer “yes”

with a probability P.N.t/ > 0/ or “no” with a probability of P.N.t/ = 0/

Inserting the formula of the Poisson process, one gets

the prevalence curve,

P."yes" j t/ = � �
�

1 − e−��t
�

; (5)

depicting the prevalence of the behavior as a function of

time, with the parameters π and λ determining the asymp-

tote and the slope of the curve, respectively. Fig. 2 shows

exemplary prevalence curves and the effects of different

parameter values for π and λ.

The estimation of the parameters π and λ is enabled by

using multiple groups of participants. As mentioned before,

the time frame t of the question is varied between groups.

For example, one group of participants would be asked if

they gambled in a time frame of t1 = 1 week, while an-

other would be asked the same question referring to the

time frame of t2 = 4 weeks, and so on. With at least two

time frames ti, it is possible to estimate π and λ and thus de-

termine the prevalence curve describing the probability of

occurrence over time for the researched behavior. Parame-

ter estimation is performed with the maximum likelihood

procedure (see Supplementary Material).

Iberl and Ulrich (2023) have shown that the Poisson

model can be applied to questions about everyday behav-

ior, like drinking coffee, watching sports, and eating pizza.

While the Poisson model has some weaknesses compared

to traditional methods (e.g., the strict assumption of the re-

searched behavior being Poisson-distributed and the need

for larger sample sizes), it offers a novel approach to the

mentioned problems in prevalence research. Of course, the

model can theoretically also be used for any other behav-

ioral prevalence measurement. In this regard, it would be

particularly interesting to apply the model to sensitive top-

ics, like drug usage or violent behavior. In this context,

however, another problem arises, which the Poisson model

does not address, that is, the problem of social desirability

bias. Especially for research about the prevalence of crime,

victimization, drug use or other socially relevant topics,

the more indicative prevalence information provided by the

0 5 10 15 20 25 30

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

time [weeks]

P
('
y
e
s
'|t

)

1= 1.5, 1 = 0.3

1= 1.5, 2 = 0.7

2= 0.1, 1 = 0.3

2= 0.1, 2 = 0.7

Fig. 2

Examples of prevalence curves as a function of π and λ with

varying values for both parameters
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Poisson model could be of special interest. Even the exam-

ple of gambling mentioned above might be seen as a sensi-

tive topic by some, since this topic is oftentimes associated

with addiction. Unfortunately, it is well-documented that

asking direct questions about sensitive topics can lead to

higher amounts of socially desirable answers, mostly re-

sulting in an underestimation of the prevalence of interest

and thus a loss of validity (for reviews of social desirability

research see, e.g., Krumpal, 2013; Nederhof, 1985).

1.2 Asking sensitive questions with the randomized

response technique

To solve this problem, Warner (1965) designed a then-novel

questioning approach, the randomized response technique

(RRT). The basic idea of this approach is that the con-

nection between the question of interest (about a sensi-

tive topic, e.g., drug use) and the corresponding answer is

masked by a random component, enabling anonymity for

the participants, thus leading to more honest answers in

turn. Over time, plenty of related models (which can be

summarized under the term randomized response models or

RRMs) emerged, each building on this basic idea. One rel-

atively widely used model is the unrelated question model

(UQM) by Greenberg et al. (1969). While some RRMs,

for example, the forced response model (Boruch, 1971), re-

quire participants to lie under certain circumstances, which

could be socially undesirable in itself, participants are re-

quired to always answer honestly in the UQM. Because of

this, the UQM might be psychologically acceptable to par-

ticipants (Höglinger et al., 2016; Reiber, Bryce, & Ulrich,

2022; Reiber et al., 2020; Ulrich et al., 2018).

The probability tree for this model is presented in Fig. 3.

In the UQM, participants of a survey on sensitive topics are

asked one of two questions; a sensitive question (e.g., drug

use) or a neutral (or unrelated) question. A Bernoulli exper-

iment (e.g., a dice roll), with the probability p set by design,

is conducted by the participants themselves, and precedes

the question. It is important that the result of this random

experiment is kept secret by the participants and is only

known to them. In the case of the first outcome, with the

probability p, a participant is confronted with the sensitive

question. In the case of the other outcome, with the counter

probability 1–p, the participants are meant to answer the

neutral question. The participants’ answer (“yes” or “no”)

is recorded afterwards, while only they know which ques-

tion they answered to. Due to the masking via the random

experiment, the resulting yes- or no-answer of any partici-

pant could refer to either the sensitive or the neutral ques-

tion. The sensitive question, under the assumption of honest

answers by participants, will be answered with “yes” with

the unknown probability π, or with “no” (and the proba-

bility 1–π). The neutral question, on the other hand, has

to regard a topic of which the prevalence is known or can

be estimated. In practice, birth dates, which are roughly

uniformly distributed, are frequently used for this purpose.

For example, a question like “Is your birth date in the first

half of the year, so before the 1st of July?” can be used.

Thus, the probability q of answering this neutral question

with “yes” is set by design — in the aforementioned ex-

ample, q � 0.5. Moreover, birth dates have also been used

as a randomization device for the parameter p (e.g., Dietz

et al., 2018).

In summary, the model consists of two design parame-

ters, that is, the probabilities p, to be assigned the sensitive

question, and q, to answer the neutral question with “yes”,

and one unknown parameter of interest, the prevalence π of

the sensitive attribute or behavior. The probability of a yes-

answer, γ (we renamed this parameter to avoid confusion

since it is originally labeled λ like the rate in the Poisson

model) is then

� = p � � + .1 − p/ � q; (6)

according to the model. γ can be estimated via the observ-

able relative frequency of yes-answers. With b� , π can be

estimated by

b� =
b� − .1 − p/ � q

p
: (7)

The variance of π is

�2
� =

� � .1 − �/

n � p2
; (8)

and 95% confidence intervals can be formed by

b� ˙ 1.96 �

q
b�2

� : (9)

Notably, other than in the Poisson model, π is defined

with respect to the time frame posed by the question. Thus,

if the question states, “Did you gamble in the last year?”,

π refers to the one-year prevalence of gambling (i.e., anyone

who gambled during this time), not the proportion of gam-

blers (i.e., anyone who gambles regularly, independent of

the exact time frame). Consequently, like any other RRM,

the UQM faces the same problems of ambiguity and in-

ability to estimate rates of occurrence as traditional direct

questioning techniques (DQ) when it comes to measuring

prevalence of behavior due to time-constrained questions.

While multiple authors have already designed RRMs that

can be used for sensitive quantitative variables (e.g., Green-

berg et al., 1971; Himmelfarb & Edgell, 1980; Huang et al.,
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2006; Kumar, 2022; Liu & Chow, 1976), these solutions still

comprise the problem that those kinds of questions might

be more difficult to answer, as explained above.

1.3 The UQMP: A new approach for time-constrained

questions on sensitive topics

In this paper, we propose a new approach, combining the

benefits of the Poisson model and RRMs, enabling a ques-

tioning technique which is both independent of time con-

straints and valid for questions about sensitive topics. Since

the UQM has some qualities that distinguishes it from other

RRMs, the paper at hand will focus on this particular model.

This is because, for one, the UQM is regarded as more

psychologically acceptable than several other RRMs, as al-

ready mentioned. Additionally, it is one of the most efficient

RRMs (Ulrich et al., 2018).

Our proposed extension of the UQM via the Poisson

model — let us call it the UQMP — is depicted in Fig. 4.

As can easily be seen when comparing it to the UQM pre-

sented in Fig. 3, the proposed UQMP basically extends

the classic UQM with the possibility to distinguish carriers

from non-carriers, independent of time constraints. Like in

the UQM, the probability tree of the UQMP spreads into

two main branches. The upper branch represents partici-

pants led to the sensitive question, the lower one represents

participants getting assigned the neutral question. The lower

branch is identical to that of the UQM, leading to the pos-

Fig. 3

Probability tree of the unrelated question model. The sample is divided into participants draw-

ing the sensitive question S and those drawing the neutral question N (with the probabilities p

and 1–p, respectively). The probability of a yes-answer to the sensitive question is π, for a no-

answer it is 1–π. Participants drawing the neutral question answer “yes” or “no” with the

probabilities of q and 1–q, respectively

sibilities of participants answering “yes” or “no” (with the

probabilities q or 1–q, respectively). However, in the upper

branch, the parameter π does not represent the probabil-

ity of giving a positive answer to the sensitive question,

like it is the case in the UQM. Instead, it is defined as the

probability that a random participant drawing the sensitive

question is a carrier of the researched attribute, like in the

Poisson model. From there on out, like in the standard Pois-

son model, the non-carriers are assumed to always answer

“no”, while the carriers might answer either “yes” or “no”,

depending on the time frame t that the sensitive question

refers to.

The probability of a yes-answer to a question referring

to the time frame t in the UQMP is

P."yes" j t/ = p � � �
�

1 − e−��t
�

+ .1 − p/ � q; (10)

with λ representing the average rate of occurrence of the

researched behavior, like in the standard Poisson model.

Similar to the Poisson model, we can estimate the para-

meter values of π and λ by varying the time frames ti that

the sensitive question is referring to (the neutral question

has to be invariant between groups, so that q is constant).

At least two time frames ti are needed for parameter es-

timation. To test model fit, a third time frame is needed.

Additional time frames might be helpful to increase the

accuracy of parameter estimation. As in the Poisson model,
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Fig. 4

Probability tree of the Poisson extension of the unrelated question model. The sample is di-

vided into participants drawing the sensitive question S and those drawing the neutral ques-

tion N (with the probabilities p and 1–p, respectively). The probability of a participant drawing

the sensitive question being a carrier C is π, for them being a non-carrier C is 1–π. Carri-

ers answer “yes” to the sensitive question with the probability P.N.t/ > 0/, or “no” with

the probability P.N.t/ = 0/. Non-carriers are assumed to answer “no” in all cases. Partici-

pants drawing the neutral question answer “yes” or “no” with the probabilities of q and 1–q,

respectively

the maximum likelihood procedure can be used to estimate

the parameters (see Supplementary Material).

Differently to the standard Poisson model, the probabil-

ity P(“yes” |t) is not equivalent to the prevalence curve,

since not every yes-answer in the UQMP is related to

the topic of interest. Instead, the probability distribution

of P(“yes” |t) includes the probability of answering “yes”

to the neutral question as well. This can clearly be seen in

Fig. 5, since the curve does not start at an intercept of 0,

but at 0 + .1 − p/ � q and since the asymptote is not located

at π, but at p � � + .1 − p/ � q. Additionally, the slope of the

curve is stretched by the parameter p.

Consequently, the prevalence curve must be represented

by the conditional probability of answering “yes”, given the

sensitive question. This conditional probability is calculated

by

P."yes" j t; sensitive question / =

P."yes" j t/ − .1 − p/ � q

p
:

(11)

Inserting the probability of answering “yes” in the UQM

procedure (see Eq. 10) yields a function that is equivalent

to Eq. 5.

1.4 The study at hand

In this study, we tested the applicability of the proposed

model, the UQMP. To do so, we used the UQMP to estimate

the prevalence of drinking and driving, defined as “driving

while drunk”, in a sample of Germans regularly participat-

ing in motorized traffic. Additionally, we applied the stan-

dard Poisson model, using a direct question, to measure the

same prevalence. Thus, a comparison between the UQMP

and the standard Poisson model, using the DQ technique,

is enabled. To control whether the UQM method works

as intended, we also asked a non-sensitive question in the

DQ and UQM format; the prevalence estimates for non-

sensitive attributes should not differ between both methods.

Finally, we asked some questions regarding the perception
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Examples of the probability distribution of P(“yes” |t) as

a function of π and λ with varying values for both parame-

ters. The UQM design parameters are set to p = 0.67 and

q = 0.5, thus the intercept at t = 0 is located at .1 − 0.67/ �

0.5 = 0.165

of the survey, e.g., if the participants felt anonymous during

the survey process.

Only some research exists regarding the prevalence of

drinking and driving in Germany. While the German police

and the Federal Office for Motorized Traffic publish some

statistics about traffic violations involving alcohol, those

numbers are not indicative of the true prevalence of drinking

and driving. This is because not every person gets caught

driving under the influence, thus a substantial dark figure

(i.e., the cases not known by the authorities) of drinking and

driving is to be assumed. The likely most valid measure-

ment for this dark figure was provided by Krüger and Voll-

rath (1998), who measured the prevalence with a roadside

survey: In cooperation with the police, they pulled drivers

over randomly and measured their blood alcohol level. As

a result, 1% of the drivers violated the allowed maximum

level of blood alcohol concentration (BAC), which is 0.05%

according to German law. However, it is still possible that

Krüger and Vollrath (1998) underestimated the prevalence

of drunk drivers, as some drivers may choose to travel on

less-monitored roads after alcohol consumption.

Unfortunately, a more up-to-date roadside survey has not

been conducted in Germany since. In a more recent study,

Goldenbeld et al. (2020) used direct questions in an on-

line survey to measure the prevalence of drinking and driv-

ing in multiple European and non-European countries. For

Germany, they found that 9% of drivers admitted that they

might have violated the legal BAC-level in the last month.

In another study, Iberl (2021) compared the UQM and DQ

in an online survey to measure the lifetime prevalence of

drinking and driving for German university students, find-

ing no difference between the prevalence estimates in both

methods. Drinking and driving was defined similarly as in

Goldenbeld et al. (2020), as “driving under the influence of

alcohol while accepting the possibility of a rule violation”

(Iberl, 2021, p. 277), resulting in an estimation of � = 0.44.

This UQM lifetime prevalence estimate of 0.44 was used as

a point of orientation in the study at hand. This prevalence

is most likely lower in a student sample compared to the

general population, as students are younger and less likely

to own motorized vehicles (younger people were also less

likely to be drunk drivers in the roadside survey by Krüger

& Vollrath, 1998). This could indicate that the proportion

of trait carriers would be higher than 0.44 in a more rep-

resentative sample. However, the definition of drinking and

driving in Iberl (2021) is much broader than the one used

in our study, which is probably the main reason why the

estimate of 0.44 is much higher than in other studies. We

therefore assumed that the proportion of true trait carriers

should be lower than 0.44 in our sample.

As the non-sensitive question for validating the UQM,

we used a question about the eye color of the participants,

assuming eye color to be a non-sensitive attribute. To be

precise, we estimated the prevalence of blue eye color via

the DQ and UQM methods.

Our preregistered hypotheses (see https://osf.io/nh6e9)

were:1

1. The proposed model (UQMP) fits the data well. Thus, it

might be suitable for application in prevalence research

about sensitive topics.

2. (a) The prevalence of drinking and driving (i.e., π) is

higher in the UQMP than in the standard Poisson model

based on direct questioning, which may indicate a more

accurate estimate.

(b) The UQM should result in participants in the first

group (UQMP) feeling more anonymous compared to

participants in the second group (DQ based on Poisson

model).

3. The proportion of trait carriers is expected to be lower

than 0.44 (the lifetime prevalence for drinking and driv-

ing in students in Iberl, 2021).

4. The prevalence estimate of the non-sensitive eye color

question does not differ between questioning via the

UQM and via a direct question.

1 As proposed by the anonymous reviewer, we slightly altered the

wording and structure of the hypotheses from the preregistration to

increase comprehensibility.
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Table 1

Distribution of demographics in the sample compared to those of the German population owning a driver’s license

Distribution

Demographic Sample (%) Population (%)

Female 42.8 43.1

Male 56.9 56.9

Gender

Non-binary 0.3 0.0

18–29 years 15.8 16.8

30–39 years 19.5 20.1

40–49 years 14.1 14.2

50–59 years 17.5 16.7

Age

60 years and older 33.2 31.8

The reference distribution of demographics is based on data by the Kraftfahrt-Bundesamt [Federal Office for Motor Traffic]

2 Method

2.1 Design

The study at hand is built as a 2 (DQ vs. UQM group) × 4

(drinking and driving in the past week/month/six months/

year) between-subjects design. Participants were randomly

assigned to one of the eight resulting groups. The questions

in the survey were presented in a fixed order for all par-

ticipants regardless of the group. Quotas regarding age and

gender were set in advance. Those were derived from the

data of the Kraftfahrt-Bundesamt [Federal Office for Motor

Traffic] (2022) and were applied to the aspired sample size

set in advance in the preregistration.

2.2 Participants

For our survey, we aimed for a sample representative

of regular motorized road users in Germany. To reach

this goal, the market research company Bilendi S.A. was

commissioned to recruit a sample of N = 3680 Ger-

man participants with the same demographic properties

as the population of Germans with a driver’s license (see

Kraftfahrt-Bundesamt [Federal Office for Motor Traffic],

2022).

The sample size rationale for the study was based on

simulations, which in turn, were based on parameter val-

ues that seemed realistic. For the number of carriers, we

assumed a prevalence of � = 0.30. This assumption was

based on the prevalence in Iberl (2021) and the hypothesis

that the π estimate in the study at hand would be smaller

due to different wording of the questions posed. For the

mean rate of drinking and driving we assumed � = 1 (i.e.,

one instance of drunk driving per month2) to be a some-

what realistic value. Assuming these values, good accuracy

for the maximum-likelihood-estimation of both parameters

is achieved in the UQMP with a sample size of 600 par-

ticipants for four groups and time frames ti (past week/

month/six months/year; the mean standard deviation for

π and λ was 0.021 and 0.244, respectively). For the stan-

dard Poisson model, 200 participants per group were suf-

ficient for good estimation accuracy (mean standard devi-

ation of 0.023 for π and 0.231 for λ). In total, the simula-

tions pointed toward a sample size of 3200 participants as

adequate. To assure a sufficient sample size after data exclu-

sion, we increased the aspired sample size by 15%, yielding

a final goal sample size of 3680 participants.

In total, 5739 potential participants followed the invi-

tation link to the online survey. Participants who did not

drive a motor vehicle at least once per week at the time of

the study were screened out at the beginning of the survey.

279 participants who failed an implemented attention check

were screened out as well (5% of the potential participants).

After screen-outs, N = 3682 completed surveys remained,

fulfilling the aspired sample size. Furthermore, we used the

relative speed index (RSI) approach of Leiner (2019b) to

identify participants who answered the survey substantially

faster than average. The RSI was computed according to

Leiner (2019b) and calculated separately for each group, to

take possible differences in completion time into account. In

total, after applying the described and preregistered exclu-

sion criteria (see Iberl et al., 2022a), a sample of N = 3529

participants remained.

Of the 3529 participants, 1512 or 43% stated their gen-

der as female, 2007 or 57% as male and 10 or 0% as

non-binary. The mean age in the sample was 48.9 years

2 In this case and throughout the rest of the paper, the unit of the para-

meter λ is 1/month.
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Table 2

Observed frequencies of responses for each subgroup to the question of drinking and driving

Group Time frame n “yes” “no”

One week 672 283 389

One month 670 272 398

Six months 654 276 378

UQM

One year 655 277 378

One week 210 20 190

One month 221 23 198

Six months 215 17 198

DQ

One year 232 22 210

(SD = 16.3) with a minimum age of 18 and a maximum

age of 89. The distribution of gender and age in the sample

matches well with the one for Germans with a driver’s li-

cense according to the Kraftfahrt-Bundesamt [Federal Of-

fice for Motor Traffic] (2022), see Table 1. Thus, we believe

to have achieved a sample approximately representative of

the motorized road users in Germany with respect to age

and gender (2022).

2.3 Material and procedure

After preparation of the survey, using the software SoSciSur-

vey (Leiner, 2019a) and preregistration of the study, the re-

cruitment phase started on July 27th, 2022 via Bilendi S.A.

First, the participants received the link to the online ques-

tionnaire from the aforementioned market research com-

pany. Upon following this link, they were presented an

introductory text, explaining the legal framework of the

survey (voluntary participation, guarantee of anonymity

and contact information of the responsible party). At the

same time, conditions for participation were determined (at

least 18 years of age and fluency in the German language).

Lastly, it was announced that they will be able to create

a personal code with which they would be able to delete

their data if they wanted to. The participants created this

code on the following page.

On the third page, information about demographics was

inquired. At later stages of the sampling phase, some of the

preset demographic quotas were already fulfilled (e.g., the

aspired number of male participants was complete). In this

case, any participant of the same demographic (e.g., any

male participant) would be screened out after this page and

redirected to another website appointed by the market re-

search company. The demographic questions were followed

by the question about traffic participation on the next page

(“Do you drive a motor vehicle (e.g., a car, motorbike, mo-

tor scooter, etc.) at least once per week?”), screening out

any participants who drove more rarely than once a week.

Next, the participants were queried about drinking and

driving. At this point, it was explained to the UQM group

that a specific questioning method would be used in this

survey and that this method would guarantee their complete

anonymity. On the next page, they were instructed to think

about the birth date of a friend or relative and to remember

this birth date for the next page. Then, they were presented

the UQM question design:

Is the birthday of the person you thought about between

the 1st and 10th day of the respective month? Then please

answer question A honestly.

Is the birthday of the person you thought about between

the 11th and 31st day of the respective month? Then please

answer question B honestly.

Question A: Is the birthday of the person you thought

about in the first half of the year, so before the 1st July of

a year?

Question B: Did you drive a motorized vehicle (a car,

motorcycle, scooter, etc.) in the last week/month/six months/

year while being drunk or knowing that you had too much

to drink?

So, the participants could be led to the neutral Question A

or the sensitive Question B about drinking and driving, de-

pending on the birthday they thought of. Then, they should

answer honestly, regardless of the question they were led

to.

The time frame that Question B referred to varied, de-

pending on the group of participants. The intro question

and Question A concerned the birth date the participants

were instructed to think about. They were designed so that

the probability to be assigned to the sensitive Question B

was p � 0.67 and that the probability to answer “yes” to

Question A was q � 0.5.

Meanwhile, participants in the DQ group were told that

on the next page, there would be a question regarding drink-

ing and driving, followed by an independent extra question.
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Table 3

Maximum likelihood estimates, standard errors, and 95% bootstrap confidence intervals for π and λ, and results of G-

tests for the UQMP and the standard Poisson model

� �
Group

Estimate SE 95% − CI Estimate SE 95% − CI G p

UQM 0.388 0.015 Œ0.358I 0.418� 9.810 0.617 Œ7.761I 10.000� 1.855 0.173

DQ 0.096 0.010 Œ0.078I 0.116� 8.756 2.012 Œ3.732I 10.000� 1.041 0.308

The rate of occurrence λ has the dimension [month]–1. The point estimates, standard errors, and confidence intervals were calculated using

a parametric bootstrap algorithm with 1000 bootstrap samples. All G-tests were carried out with two degrees of freedom (df = 2). p values are

presented for interpretation of the G-tests

They were also guaranteed anonymity. After continuing, the

DQ group was presented the direct question about drinking

and driving. This question was identical to Question B of

the UQM design, also with varying time frames depending

on group, but posed directly.

Afterwards, it was announced to the participants in the

UQM group that another question using the same method,

but tackling another topic, would be asked. However, the

attention check followed on the next page. In this attention

check, participants were asked which one of six cities was

not located in Germany. While five of the named cities were

German, London was included as the odd one out. Partic-

ipants who failed to answer the attention check correctly

were screened out, as mentioned above.

The attention check was succeeded by the eye color

question. The participants in the UQM group were again

requested to think about a certain birth date. On the follow-

ing page, the questions regarding eye color were posed to

them in the same way as the question about drinking and

driving, but with Question B being worded as “Do you have

blue eyes?” (obviously without referring to a time frame).

The same question was presented directly to participants in

the DQ group after they completed the attention check.

Participants who completed the eye color question were

confronted with questions about survey impression on the

last page of the survey. These questions inquired, using

a five-point Likert scale, how anonymous the participants

felt during survey completion and how reprehensible they

thought drinking and driving was. Subsequently, partici-

pants were redirected to a website of Bilendi S.A.

Completing the survey took the participants in the final

sample 3min and 38s on average (SD = 89.58s). Unsur-

prisingly, participants in the UQM group took longer on

average (3min and 56s, SD = 89.40s) than participants in

the DQ group (2min and 45s, SD = 65.65s). Data acqui-

sition ended on August 8th, 2022.

3 Results

All computations were executed with the free software R

(R Core Team, 2018). See Iberl et al. (2022b) for the com-

plete data and analysis code.

The sample sizes as well as the observed yes- and no-

answers to the drinking and driving question are presented

in Table 2 for each subgroup. The combined sample sizes

are n = 2651 for the four UQM groups and n = 878 for the

four DQ groups.

The prevalence π and mean rate λ for drinking and driv-

ing were estimated via the maximum likelihood method

both for the UQM group, using the UQMP, and the DQ

group, using the standard Poisson model (see Supplemen-

tary Material). For reliable calculation of standard errors

and 95% confidence intervals, a parametric bootstrapping

procedure with 1000 bootstrap samples was employed (see,

e.g., Boos, 2003). Table 3 contains the parameter estimates

for the UQM group via UQMP and the DQ group via the

Poisson model.

In line with Hypothesis 1, the G-tests are non-significant

for both models. As predicted in Hypothesis 2a, the propor-

tion of carriers is considerably higher in the UQMP method.

While � = 0.096 in the DQ group, meaning around 10%

of the sample can be described as drunk drivers, the es-

timate resulting in the UQMP is as high as � = 0.388

(but, as expected, lower than 0.44, see Hypothesis 3). The

λ-estimates are very high in both groups, which indicates

a high rate of drinking and driving among the carriers. But,

since the upper boundary of the 95% confidence intervals

for λ reach the set upper limit for parameter estimation (10),

those estimates are to be interpreted cautiously.

The graphics in Fig. 6 show similar resulting prevalence

curves for both the UQMP and the standard Poisson model,

with the UQMP’s prevalence curve having a higher asymp-

tote (as determined by �). The curves rise very steeply,

reaching the asymptote already on the first point of meas-

urement. This kind of fast-rising curve is a result of the high

λ-values estimated in both models. According to these re-

sults, carriers of the “drinking and driving”- attribute show
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Fig. 6

The prevalence curves for the UQMP and the standard Poisson model resulting from parameter

estimation in both methods. The points indicate the prevalence estimates per time frame. The

error bars represent 95% confidence intervals

this behavior regularly, since its probability of occurrence

does not seem to change over time. With a behavioral pat-

tern like this, the specific value of � could theoretically

be infinite in the Poisson model, and should thus not be

interpreted.

Regarding the control question of eye color, 95% confi-

dence intervals were calculated via the standard procedures

for the respective type of question (see Eq. 9) for the UQM

group, and the standard binomial 95%-CI for the DQ group.

In the UQM group (n = 2651), a prevalence for blue eyes of

0.517 (95% CI [0.489, 0.546]) was estimated. The preva-

lence in the DQ group (n = 878) is significantly lower with

an estimate of 0.355 (95% CI [0.324, 0.387]). Thus, these

results contradict Hypothesis 4 regarding the equality of

both prevalence measures for eye color.

Most participants, regardless of group, felt that their

anonymity was well protected in the survey. On the 5-point

Likert scale, the mean score was 4.213 (SD = 0.918).

Still, the feeling of anonymity differed significantly be-

tween groups (Welch Two Sample t-test; t.1478/ = 4.410,

p < 0.001), with the UQM group showing slightly higher

scores
�
MUQM = 4.252

�
than the DQ group

�
MDQ = 4.093

�
.

The damnability of drinking and driving was rated highly

by both groups (MUQM = 4.683, MDQ = 4.710), with no

statistically significant differences between mean scores

(Welch Two Sample t-test; t.1560/ = −0.968, p = 0.333).

The results of the questions about the participants’ im-

pression of the questionnaire concur with the preregistered

Hypothesis 2b.

4 Discussion

In this paper, we presented a novel method, the UQMP,

combining the Poisson model (Iberl & Ulrich, 2023) with

the unrelated question model by Greenberg et al. (1969).

Through the approach of the Poisson model, unambigu-

ous prevalence estimation and the estimation of the mean

rate of a behavior’s occurrence are rendered possible. Ad-

ditionally, the UQM is designed to solve the problem of so-

cially desirable answers to sensitive questions by providing

the participants with complete and transparent anonymity.

The model was applied to the sensitive topic of drinking and

driving in motorized traffic, and compared to the Poisson

model, another recently proposed method (Iberl & Ulrich,

2023). For this purpose, a sample representative of German

drivers in terms of gender and age was queried via an online

survey. Although the model appears to fit the data based on

the G-tests, the obtained flat prevalence curves were unex-

pected based on this model. Thus, Hypothesis 1 can only
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be conditionally confirmed. Regarding the proportion of

trait carriers, we get an estimate as high as 39% for drunk

drivers in Germany using the UQMP. With direct question-

ing, in the standard Poisson model, the amount of carriers

is estimated to be lower, as expected (see Hypothesis 2a),

with 10% of the participants being identified as carriers.

As anticipated, these percentages are lower than the 44%

lifetime-prevalence that resulted for drinking and driving in

the student survey of Iberl (2021) (see Hypothesis 3). Also,

evidence is found for participants in the UQMP group to

feel somewhat more protected regarding their anonymity,

compared to the DQ group (see Hypothesis 2b). An unex-

pected result can be found in the neutral question about eye

color (Hypothesis 4): While we assumed no difference in

estimation for blue eye prevalence between UQM and DQ

methods, the results differ significantly.

In the following, we will first interpret the values result-

ing from the parameter estimations in the Poisson model

and the UQMP methods. Then, we discuss the unexpected

results in the blue eye color prevalence estimation, propos-

ing some possible explanations and summarizing the results

of a follow-up study we conducted to test one of those ex-

planations. Afterwards, we conclude the applicability of the

UQMP. We finish the discussion with an assessment of our

findings and possible further research regarding the uses of

the Poisson model.

4.1 Comparing the Poisson model and the UQMP

Interestingly, the prevalence curves for both the standard

Poisson model and the UQMP are similar in shape, rising

very steeply and reaching the asymptote already on the first

point of measurement (one week). In turn, the λ parame-

ters assume very high values in both models, with 9.810

for the UQM group and 8.756 for the DQ group. However,

as mentioned above, both 95% confidence intervals include

the preset upper limit for estimation, thus the values can

not be interpreted as the amount of times the behavior oc-

curred in the reference time unit (in this case, one month).

This is a consequence of all four measurement points, in

both groups, yielding the same relative frequency of yes-

answers. Thus, the data truly support a straight line for

a prevalence curve, instead of an actual curve. With such

a result, theoretically, λ could be infinite.

When it comes to behaviors like drinking and driving,

one would expect to see a concave prevalence curve, mean-

ing that the proportion of people engaging in the behavior

should increase with the length of the time frame. Due to

this, the rather flat prevalence curves found in this study

are surprising. One possible explanation for the unexpected

curves is that many participants may have misread or mis-

understood the questions, resulting in equal proportions of

yes-answers regardless of the time frame. Some studies (see

e.g., Lannoy et al., 2021; Maurage et al., 2020; National In-

stitute of Alcohol Abuse and Alcoholism [NIAAA], 2018)

have identified binge drinkers, who consume large amounts

of alcohol on rare occasions. This also suggests that the

prevalence curve for drinking and driving should indeed be

concave (especially with past-month-prevalence estimates

as high as 26%, see National Institute of Alcohol Abuse

and Alcoholism [NIAAA], 2018). However, binge drinkers

might not drive during their times of consumption, which

would not have influenced our measurement of drinking

and driving prevalence. While the validity of the resulting

prevalence curves remains unclear, such flat functions can

be compatible with the model’s assumptions: If drinking

and driving occurs very regularly for some individuals, at

least once a week, while the rest of the population does

not engage in this behavior, flat prevalence curves would

be expected in the Poisson model.

According to the UQMP, the carriers account for 39%

of the sample, while the π estimate for the standard Pois-

son model is much lower with around 10%. Thus, our DQ

estimation for Germans who drive under the influence is re-

markably close to the one of Goldenbeld et al. (2020), who

found a 30-days-prevalence of 9%, also by DQ. The much

higher prevalence of carriers resulting from the UQMP

could theoretically indicate a more valid estimation since

some respondents in the DQ group might not have answered

truthfully due to social desirability bias. The results in the

eye color question, however, clearly point towards problems

with overestimation in the UQM group.

4.2 Unexpected results: Blue eye color prevalence

The expectation for estimation of blue eye color prevalence

was for both methods to yield the same results (Hypothe-

sis 4). Since this question should not be perceived as sen-

sitive, no social desirability bias should influence the an-

swers, resulting in equal prevalence estimates for the UQM

and DQ groups. The value of 52% blue-eyed respondents

resulting for the UQM group not only seems high compared

to the 36% in the DQ group, but also when looking at the

(sparse) corresponding literature. In a 19th-century study of

Virchow, which has been deemed still relevant by Katsara

and Nothnagel (2019), a prevalence of almost 40% for blue

eyes in the German population was found. On a German

website about “rapid facts”, a non-published study is cited

to have found a prevalence of 30% for blue eyes in Ger-

many; additionally, the users of the website can report their

own eye color, resulting in a prevalence of 31% (kurzwis-

sen.de, 2019). While the latter source is of questionable

validity, it also points towards our UQM estimate being too

high and towards the DQ estimate as the more valid one.
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Regardless of the actual prevalence, the difference between

both methods’ estimates is unexpected. The most logical

explanation seems to be an unknown effect related to the

questioning technique used in both groups.

There are multiple possible explanations for how a sup-

posed effect of the questioning technique could have come

to pass. First, since we did not randomize the order of the

alcohol-related and eye-color-related questions, some kind

of order effect could explain the results. Maybe the partic-

ipants in the UQM group did not pay as much attention to

the instructions after they already answered both the ques-

tion about drinking and driving and the attention check.

Or maybe the birth date they thought about while answer-

ing the first question influenced the birth date they used

for the second question about eye color, distorting the de-

sign probabilities of p and q. Either way, if the position

of the eye color question caused the suspected inflation in

the prevalence estimate of blue eye color, the question re-

garding drinking and driving could be unaffected by this,

since it was asked before. To test this explanation of or-

der effects, we conducted a follow-up a study using the

curtailed sampling approach (Reiber, Schnuerch, & Ulrich,

2022; Wetherill, 1975). In this follow-up study, we switched

the order of the UQM questions, asking the eye color ques-

tion before the attention check and the drinking and driving

question. If the possible order effect caused the high value

for blue eye color prevalence in the UQM group, an es-

timate in the realm of the value in the DQ group, 36%,

should be expected. However, the follow-up study led to an

estimate for blue eye prevalence via UQM similar to the

one of 52% in the main study, even though the questions’

positioning was swapped. So, order effects alone do not

seem to have influenced the results of the neutral question,

pointing towards different explanations (for a more detailed

description of the follow-up study see Iberl, Aljovic, Ulrich,

Reiber (2022c) and the Supplementary Material).

A second possible explanation lies in some kind of ran-

dom responding by the participants (independent of the or-

der of questions). Some respondents might not follow the

instructions thoroughly enough (either by unwillingness or

due to comprehension issues), in turn answering randomly.

This would, of course, influence not only the neutral ques-

tion of eye color, but also the results for the prevalence of

drinking and driving in the UQM group. To test this ex-

planation post-hoc, we calculated, assuming the true preva-

lence of blue eye color to be 36% like in the DQ group,

how many participants would have to answer “yes” ran-

domly (with the probability of 0.5) in order to produce the

result of 52%. Surprisingly, more than 100% of randomly

responding participants would be needed for this result to

occur. So, a truly random pattern of responding can not be

the only reason for the unexpected results. The explanation

gets more likely if one assumes a non-equal distribution for

the probabilities of “randomly” answering “yes” or “no”.

Potentially, the yes-answer is chosen more often than the

no-answer in random responding (because it is more appeal-

ing for some reason or just because it is read first). If we

assume a probability of random yes-answers of 0.75, about

one-third of the participants would have to respond ran-

domly to get our result for blue eye prevalence. This seems

more plausible than random responding with equal prob-

abilities for yes- and no-answers. But, even if we assume

an uneven probability for both answers, random respond-

ing by itself seems to be unlikely as an explanation for the

results. A recent study by Meisters et al. (2022) supports

this claim, finding that while random responding exists in

the researched RRM, it only has a minor influence on the

resulting prevalence. However, there also seems to be some

contrary evidence pointing towards random responding as

a substantial factor in RRMs (Walzenbach & Hinz, 2019).

A third explanation could lie in the nature of the sur-

veyed sample. Since the sample consisted of most likely

highly experienced participants in regards to online sur-

veys, it is reasonable to assume that privacy concerns were

less common compared to the general population. This is

supported by the result that the participants in the DQ group

felt almost as anonymous as those in the UQM group. As

some studies show, RRMs work best when the question is

perceived as sensitive, so when a social desirability bias is

to be expected when using DQ instead (e.g., Lensvelt-Mul-

ders et al., 2005; Tourangeau & Yan, 2007). With highly

survey-experienced participants who feel very anonymous,

a substantial social desirability bias might be less likely. So,

for this specific sample, the UQM might only be perceived

as confusing and annoying, instead of a protective question

design, leading to the unexpected results through random

responding or even noncompliance. Generally, it could be

a problem of RRM application in online surveys that it is

hard to control whether the participants comprehend the in-

structions of the method or whether they understand that the

RRM provides a high level of anonymity. Unfortunately, it

is not yet well understood what role comprehension plays

for the validity of RRMs (e.g., Bullek et al., 2017; Hoff-

mann et al., 2017; Höglinger & Jann, 2018; Meisters et al.,

2020). Thus, it may be crucial to conduct RRT surveys in

person, with interviewers explaining the procedure to re-

spondents before running the UQM survey (e.g., Striegel

et al., 2010).

Multiple other explanations are imaginable as well. For

example, the eye color question might not be as neutral

as supposed, or it might have been difficult to answer for

participants with ambiguous eye colors (like “blue-green”

or “grey-blue”), leading to unforeseen response behavior.

However, none of these possible effects would seem strong

enough to explain the high prevalence of 52% on its own,

but some of them might contribute to an inflation of the
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estimate. So, although we can not identify a single expla-

nation, we might have identified some possible effects that

could have caused the high estimate in the UQM group.

Regardless, the UQM method seems to be the cause of this

inflated estimate. While we can not exclude the reasons to

be of a nature regarding the content of the eye color ques-

tion, which would not influence the estimation for drinking

and driving by UQM, we can also not confidently assume

the UQM to have worked as intended. Consequently, the

DQ estimate seems to be the more accurate result, and the

UQMP estimate should be viewed with caution. This, how-

ever, is due to the UQM—and not due to the Poisson model

used in combination.

In future research, one could test the combination of the

Poisson model with different RRMs, such as the crosswise

model (CWM, Yu et al., 2008). These combinations would

be easy to realize and might yield more plausible results.

5 Conclusion

Albeit we can not rule out problems of the UQM method

in view of our findings, the Poisson model seems to work

as intended. While the resulting prevalence curves are un-

expected in shape, this is caused by the answers of the par-

ticipants, showing no variation of the proportion of yes-an-

swers between time-frames. Also, the π estimate for drunk

drivers resulting by DQ is similar to the results of another

study using DQ to measure prevalence of drinking and driv-

ing in Germany (Goldenbeld et al., 2020). Additionally,

even though the λ estimate seems off at first glance, it be-

haves as expected given there is no variance between the

proportion of yes-answers in the four points of measure-

ment. A “prevalence line” of some sort between the four

points of measurement, as resulted in this study, does not

contradict the model’s core assumptions: If there exists only

a rather small population of carriers that is showing the be-

havior very frequently, a line is to be expected. To be pre-

cise, if the behavior’s rate of occurrence is as high or higher

than 1/t1, with t1 being the time frame of the first point of

measurement (here: one week), prevalence curves like those

in Fig. 6 are likely. This applies to both the Poisson model

and the UQMP. Unfortunately, in case of drinking and driv-

ing, a shorter reference time frame than one week would

probably not have been suitable for usage in the question-

naire. This is because driving under the influence is sup-

posed to be more frequent during the weekend, especially

weekend nights, according to some studies (e.g., Krüger

& Vollrath, 1998; Vanlaar, 2005). Thus, the assumption of

drinking and driving as a Poisson-distributed variable might

be invalid for time frames smaller than one week. Regard-

less of the assumed overestimation due to unforeseen bias

caused by the UQM method, the form of the UQM preva-

lence curve is similar to the one in the DQ group. In these

cases, the estimated value for the λ parameter should not be

interpreted. Instead, the rate of occurrence of the researched

behavior can be assumed to be at least 1 referring to t1, that

is, once a week.

To sum up the results of our study regarding the prob-

lem of alcohol in motorized traffic, we found that at least

10% of drivers in Germany are frequently, at least once

a week, driving under the influence of alcohol. The other

(at maximum) 90%, on the other hand, seem to be non-car-

riers, who essentially never engage in drinking and driving.

While the UQMP estimation does not seem reliable, we

can not rule out an underestimation of drinking and driv-

ing by the standard Poisson model using the DQ method,

so the proportion of 10% for drunk drivers can be seen as

a lower border for the true amount of carriers. A substan-

tial part of those carriers can be assumed to be participants

with problematic or even pathological alcohol consump-

tion. This claim is supported by an older study by Selzer

and Barton (1977), which showed that about two-thirds of

the drunk drivers in their sample were pathological drinkers.

Also, this hypothesis seems valid due to the high amount of

problematic drinkers in Germany: According to Atzendorf

et al. (2019), 18% of a sample of 9267 Germans between

the age of 18 and 64 years reported the use of alcohol in

hazardous quantities for the time frame of 30 days before

the survey. It stands to reason to assume that many people

with such high alcohol usage still rely heavily on motor-

ized traffic in their everyday lives, as this is generally by

far the most used form of transportation in Germany (Bun-

desministerium für Digitales und Verkehr [Federal Ministry

for Digital and Transport], 2021). The fact that the majority

of the German population uses a car or another motorized

vehicle to commute to their workplace, school or univer-

sity seems particularly relevant in this context (Bundesmin-

isterium für Digitales und Verkehr [Federal Ministry for

Digital and Transport], 2021).

In conclusion, the Poisson model used in our study seems

suited for practical application, even if the shape of the re-

sulting prevalence curve contradicts this statement at first

glance. Still, the Poisson model should be tested and com-

pared with traditional methods in future studies to deter-

mine when it is suited best. Furthermore, we showed that

the Poisson model can be combined with indirect ques-

tioning techniques such as the UQM. There are still open

questions regarding the validity of the UQM and RRMs in

general, as we have to assume an unexpected inflation of

false-positive yes-answers due to the results of our control

question about eye color prevalence. Thus, more research

is needed to understand the validity of RRMs further and

to identify scenarios of when RRMs are (not) to be pre-

ferred over DQ methodology. Plus, while the sample size

needed for a satisfactory level of statistical power is already
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high in RRMs compared to DQ, the additional participants

needed for implementing a Poisson extension to an RRM

is considerable. In further studies, it might be reasonable

to test Poisson model extensions and their applicability for

different RRMs, like the cheater detection model (CDM,

Clark & Desharnais, 1998) or the crosswise model (CWM,

Yu et al., 2008). Since they enable time-independent preva-

lence estimation for objectively anonymous survey proce-

dures, Poisson model extensions for RRMs might be worth

the effort.
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Appendix A

Maximum Likelihood Estimation

The likelihood function for both the standard Poisson model and the Poisson extension to

the unrelated question model (UQMP) is

L(π, λ) =
m
∏

j=1

nj
∏

i=1

[

P (“yes” |tj)
aj · P (“no” |tj)

bj

]

(A1)

with the number of groups m, the sample size per group nj, the time frame per group tj

that the question refers to, the observed number of yes-answers per group aj and the

observed number of no-answers per group bj. For the two models, P (“yes” |tj) is computed

via the Equations 5 or 10, for the standard Poisson model or the UQMP, respectively.

P (“no” |tj) can be computed per 1 − P (“yes” |tj). Taking the log of Equation A1 gives

log L(π, λ) =
m

∑

j=1

nj
∑

i=1

[

aj · log[P (“yes” |tj)] + bj · log[P (“no” |tj)]
]

. (A2)

Maximizing equation A2 by a numerical search routine yields the maximum likelihood

estimators for the parameters π and λ.
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Appendix B

Statistical analysis with R

In this appendix, we give an example for the statistical analysis of our data with the

proposed UQMP. The full analysis script and data set can be downloaded at

https://osf.io/5pkm4/.

## opt ions

# s e t t i n g RNG seed to a f i x e d value , so the boo t s t r ap procedure

# y i e l d s the same r e s u l t s in every run

set . seed (123)

## des ign parameters and observed v a r i a b l e s

# p r o b a b i l i t y p o f g e t t i n g s e n s i t i v e que s t i on

p <− 245 .25/365 .25

# p r o b a b i l i t y q o f a yes−answer to the neu t r a l que s t i on

q <− 181 .25/365 .25

# va lue s f o r parameter e s t ima t i on

l im <− 1e−10 # lower l i m i t f o r lambda

up_l im_lam <− 10 # upper l i m i t f o r lambda

# time frames t_j f o r a l l groups j = 1 , 2 , 3 , 4

t0 <− c ( . 2 5 , 1 , 6 , 12)

# number o f boo t s t r ap samples

nb <− 1000

# group s i z e s N_t
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N. t . uqm <− c (672 , 670 , 654 , 655)

# yes−answers a_t

a .uqm <− c (283 , 272 , 276 , 277)

# no−answers b_t

b .uqm <− c (389 , 398 , 378 , 378)

## func t i on s

# func t i on o f the UQMP

pc .uqm <− function ( t , p , q , PI , lam ){p∗PI∗(1−exp(−lam∗t ))+(1−p)∗q}

# log −l i k e l i h o o d −f unc t i on

MLE.uqm <− function (par , a , b){

PI <− par [ 1 ]

lam <− par [ 2 ]

pyes <− pc .uqm( t0 , p , q , PI , lam )

lLu <− a∗ log ( pyes ) + b∗ log(1−pyes )

MLE.uqm <− −sum( lLu )

}

# G func t i on f o r t e s t i n g model f i t

Gf .uqm <− function (par , a , b){

PI <− par [ 1 ]

lam <− par [ 2 ]

N. t <− a + b

E. t . yes <− pc .uqm( t0 , p , q , PI , lam )∗N. t

E. t . no <− N. t − E. t . yes

G.uqm <− 2∗sum( a∗ log ( a/E. t . yes ) +
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b∗ log (b/E. t . no ) )

return (G.uqm)

}

## parameter e s t ima t i on v ia boo t s t r ap sampling

# " v e c t o r i z i n g " observed yes− and no−answers f o r every group

obs . t1 .uqm <− c ( rep (1 , a .uqm [ 1 ] ) , rep (0 , b .uqm [ 1 ] ) )

obs . t2 .uqm <− c ( rep (1 , a .uqm [ 2 ] ) , rep (0 , b .uqm [ 2 ] ) )

obs . t3 .uqm <− c ( rep (1 , a .uqm [ 3 ] ) , rep (0 , b .uqm [ 3 ] ) )

obs . t4 .uqm <− c ( rep (1 , a .uqm [ 4 ] ) , rep (0 , b .uqm [ 4 ] ) )

# boo t s t r ap sampling

PI . b .uqm <− numeric (nb )

lam . b .uqm <− numeric (nb )

for ( i in 1 : nb){

# resampl ing a and b from observed data

a . b .uqm <− c (sum(sample ( x = obs . t1 . uqm, s i z e = N. t . uqm [ 1 ] ,

replace = TRUE) ) ,

sum(sample ( x = obs . t2 . uqm, s i z e = N. t . uqm [ 2 ] ,

replace = TRUE) ) ,

sum(sample ( x = obs . t3 . uqm, s i z e = N. t . uqm [ 3 ] ,

replace = TRUE) ) ,

sum(sample ( x = obs . t4 . uqm, s i z e = N. t . uqm [ 4 ] ,

replace = TRUE) ) )

b . b .uqm <− N. t . uqm − a . b .uqm
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# maximum l i k e l i h o o d es t imat i on o f the redrawn sample

ML.uqm <− optim(par = c ( 0 . 5 , 0 . 8 ) , a = a . b .uqm, b = b . b .uqm,

fn = MLE.uqm, method = ’L−BFGS−B ’ ,

lower = c ( lim , l im ) ,

upper = c(1− lim , up_l im_lam ) )

# e x t r a c t i n g p i and lambda e s t ima t e s

PI . b .uqm[ i ] <− ML.uqm$par [ 1 ]

lam . b .uqm[ i ] <− ML.uqm$par [ 2 ]

}

# e x t r a c t i n g parameter es t imators , SEs and 95%−CIs

# po in t e s t imate f o r p i

PI .m.uqm <− mean( PI . b .uqm)

# standard error f o r p i

PI . se . uqm <− sd ( PI . b .uqm)

# 95%−CI f o r p i

PI . c i . uqm <− quantile ( PI . b .uqm, c ( . 0 2 5 , . 9 7 5 ) )

# poin t e s t . f o r lambda

lam .m.uqm <− mean( lam . b .uqm)

# se f o r lambda

lam . se . uqm <− sd ( lam . b .uqm)

# 95%−CI f o r lambda

lam . c i . uqm <− quantile ( lam . b .uqm, c ( . 0 2 5 , . 9 7 5 ) )

# G−t e s t
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Gest .uqm <− optim( c ( 0 . 5 , 0 . 8 ) , a = a .uqm, b = b .uqm,

fn = Gf .uqm,

method=’L−BFGS−B ’ ,

lower = c ( lim , l im ) ,

upper = c(1− lim , up_l im_lam ) )

# e x t r a c t i n g G−va lue

Gval .uqm <− Gest .uqm$value

# computing p−va lue f o r G−t e s t d e c i s i on

pval .uqm <− pchisq ( Gest .uqm$value , df = 1 , lower . t a i l = FALSE)
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Appendix C

Follow-up study: Estimating blue eye color prevalence with a UQM curtailed sampling approach

Introduction

To investigate a possible explanation for the unforeseen results of the main study,

namely the unexpected difference between prevalence estimates of blue eye color via DQ

and UQM (see Hypothesis 4 of the main study), a follow-up study was preregistered (see

Iberl et al., 2022c) and conducted. To be precise, we tested whether the unexpected results

could have emerged due to order effects of the posed questions. The basic idea of the

follow-up study was to collect further data from a sample confronted with the UQM

method, but while exchanging the order of the drinking and driving and eye color

questions. If an order effect was responsible for the unforeseen results, swapping the order

of the questions should lead to a prevalence estimate of blue eye color via UQM that is

similar to the one generated by the DQ method in the main study.

Because of this rather simple premise and to reduce sample sizes, we opted for a

sequential sampling application for the UQM as proposed by Reiber, Schnuerch, and Ulrich

(2022). Contrary to classical statistical methods, the basic idea of sequential testing is to

stop the sampling process as soon as sufficient information is generated to align with a

preset hypothesis. One variant of sequential sampling, curtailed sampling, was proposed by

Wetherill (1975) (for a detailed description, see Reiber, Schnuerch, & Ulrich, 2022). In this

method, certain stopping rules are set before the sampling process. Those are defined by a

maximum sample size, Nmax, defining the maximum needed sample size to align with one

of the hypotheses, and cs, a limited number of observed “successes” (here: yes- answers)

needed to reject the null hypothesis. In turn, the null hypothesis is confirmed if

cf = Nmax − cs + 1 “failures” (here: no-answers) are observed. Nmax and cs are determined

via power analysis, depending on the preset hypotheses H0 and H1 and on the preset error

probabilities α (to falsely reject H0) and β (to falsely reject H1). Reiber, Schnuerch, and

Ulrich (2022) created applications for curtailed sampling to RRMs, including the UQM,
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which we used for the follow-up study.

In the follow-up study, we calculated a sequential binomial hypothesis test

according to Reiber, Schnuerch, and Ulrich (2022). We set π ≤ 0.387 as the null

hypothesis, stating that the prevalence for blue eye color prevalence is lower than or equal

to the upper boundary of the 95% confidence interval for the blue eye color estimated via

DQ in the main study. As alternative hypothesis, we set π ≥ 0.489, stating that the

mentioned prevalence is at least equal to the lower boundary of the 95% confidence interval

for the prevalence estimated via UQM in the main study. α and β were set to 0.05 each.

The UQM variables p and q were set to the same values as in the main study, so to circa

0.67 and 0.5, respectively. With these variables, the power analysis resulted in the

maximum possible sample size of Nmax = 579. After cs = 265 yes-answers or cf = 315

no-answers would be observed, sampling would be stopped.

We predicted that there would be an order effect in accordance to our explanation

for the unexpected results. So, we hypothesized that H1 would be rejected, meaning that

the estimate of blue eye color prevalence is in line with the corresponding DQ estimate of

the main study.

Method

The follow-up study amounted to a simple one-group-design without experimental

manipulations.

Like in the main study, we commissioned Bilendi S.A. to generate a sample with

demographics as similar as possible to those of German citizens with a driver’s license (see

Kraftfahrt-Bundesamt [Federal Office for Motor Traffic], 2022).

The procedure and materials used in the follow-up study were identical to those in

the main study. The only differences were that in the follow-up study, there was no DQ

group, and the order of the eye colour question and the drinking and driving question was

switched. Additionally, since it was not necessary to vary the time constraints in this

design, the drinking and driving question always referred to the past year. The data
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exclusion procedure was similar to the one used in the main study as well. But, to make

sure that the sampling process was not stopped prematurely, participants who answered

the survey too fast were marked as fast respondents immediately after completing the

survey. To do this, we assumed the average response timings in the follow-up study to be

similar to the response times of the UQM group in the main study. This seemed like a

valid assumption, since the surveys were identical except for the order of two questions.

Thus, we compared the RSI values (according to Leiner, 2019b) of the participants directly

with the corresponding RSI values in the UQM group in the main study.

Sampling started on September 16th, 2022 and was completed on September 20th,

2022.

Results

Sampling was stopped after N = 498 observations. Because the stopping criterion of

265 yes-answers was reached, the null hypothesis was rejected.

The sample was similarly distributed in terms of demographic data compared with

the data for Germans with driver’s licenses (Kraftfahrt-Bundesamt [Federal Office for

Motor Traffic], 2022), as illustrated in Table C1.

To estimate π, we used an estimator for the parameter λ that corrects for bias

induced by the sequential sampling procedure (Reiber, Schnuerch, & Ulrich, 2022),

γ̂ =
cs − 1

N − 1
. (C1)

Inserting the corrected estimate γ̂ into the standard formulae for calculating π in the UQM

(see Equations 7 and 9) yields the point estimate π̂ = 0.548 (95% CI [0.483, 0.614]).

Discussion

In conclusion, the hypothesis test points toward the follow-up study’s UQM

estimate for the prevalence of blue eye color not being significantly lower than than the one

in the main study. Thus, an order effect seems unlikely as the explanation for the

unexpected differences between blue eye color prevalence estimates using DQ and UQM
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Table C1

Distribution of demographics in the sample of the

follow-up study compared to those of the German

population owning a driver’s license

Demographic Distribution

sample population

Gender female 46.2% 43.1%

male 53.6% 56.9%

non-binary 0.2% 0.0%

Age 18-29 years 15.1% 16.8%

30-39 years 19.7% 20.1%

40-49 years 16.7% 14.2%

50-59 years 19.1% 16.7%

60 years and older 29.5% 31.8%

Note. The reference distribution of demographics is

based on data by the Kraftfahrt-Bundesamt [Federal

Office for Motor Traffic] (2022).

methods in the main study.
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„Alkoholunfälle“ sind überdurchschnittlich schwer. So war

konsum verbundenen Gefahren statt. Initiativen wie „Alkohol? Kenn dein Limit.“ (Bundes-
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(„Das Deutsche Roadside Survey“, DRS;

dern unter dem Banner des Projekts „DRUID“ (Driving under the influence of drugs, alcohol 
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len zeigen, sind Alkoholfahrten im „Grenzbereich des Erlaubten“ durchaus relevant für die 
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 – Die „Randomized Response Technique“

 

Es kann vermutet werden, dass diese wahrgenommene Sensibilität beim Thema „Alkohol im 
erkehr“ auch heute noch besteht.

rin, dass die individuellen Antworten der Befragten durch eine Art „statistische Störvariable“ 

tet. Durch diese „Verschleierung“ entsteht eine vollständige Anonymität, wodurch die Befrag-

in Hinblick auf statistische Eigenschaften und „psychologische Akzeptanz“ im Vergleich zu an-

„heikle Frage“ nach dem zu erforschenden sensiblen Merkmal (z. B.: „Ich habe schon einmal 
Kokain konsumiert“) und eine „neutrale Frage“ nach einem neutralen Merkmal mit einer be-

π B.: „Ich habe in der ersten Jah-
reshälfte Geburtstag“). Zunächst wird durch die Teilnehmenden im Geheimen ein Zufallsex-
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„Kopf“ oder „Zahl“). Die Wahrscheinlichkeit 
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π



π
λ � = ��� + ��(1 2 �)

λ �̂ = �Ā��Ā� +���ÿ�
π �̂� = �̂ 2 (1 2 �) ∙ ���

B. die Frage „Haben Sie in der ersten Jahreshälfte Ge-
Juli)?“ als Zufallsexperiment fungieren (mit der geschätzten Wahrschein-

 



anhand der sogenannten „more better“

Beurteilung der Validität wird durch sog. „starke Validierungsstudien“ ermöglicht, durch die 



 

 

 

 

 

 

 

ralen Frage nach „Alkohol am Steuer“ abbrachen. 46

2 „Die bewusste Inkaufnahme von Alkoholverstößen im Straßenverkehr“ wird hier wie folgt definiert: 



wurde die Stichprobe in die Gruppen „UQM“ ( 305), „UQM V“ (UQM mit Verständnishilfe, 
278) und „DQ“ (

 

Allen Gruppen wurden die folgenden Fragen über den Eindruck der Methode gestellt: „Wie 
en Sie verstanden, was Sie auf der vorherigen Seite dieser Umfrage tun sollten?“, „Ha-

ben Sie das Gefühl, dass Ihre Anonymität in dieser Umfrage gewährleistet ist?“, „Wie unange-

fragt werden würden?“ (jeweils fünfstufige Likertskalen als Antwortmöglichkeiten). Den Grup-
V wurde außerdem noch die anschließende Frage gestellt: „Wie gut haben 

hützt wird?“ (fünf-
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stellt und „Alkohol am Steuer“ anhand von Beispielen als die bewusste Inkaufnahme von Al-

4 Dabei wurden aus fünf verschiedenen Übungsfragen zufällig drei gezogen, jedoch mit der Einschränkung, dass 
stets eine „inkongruente“ Frage-Antwort-Konstellation enthalten war. Damit ist gemeint, dass die fiktive Person 
auf die neutrale Frage antworten müsste und diese Antwort nicht mit der Antwort auf die heikle Frage identisch 
ist. 
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Instruktionsverständnis: „Wie gut haben Sie verstanden, 

ten?“ (1
Anonymitätsgefühl: „Haben Sie das Gefühl, dass Ihre Ano-
nymität in dieser Umfrage gewährleistet ist?“ (1

Anonymitätsverständnis: „Wie gut haben Sie verstanden, 

schützt wird?“ (1
Sensitivität: „Wie unangenehm wäre es für Sie, wenn Sie 

gefragt werden würden?“ (1
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mas („Wie unangenehm wäre es für Sie, wenn Sie in einem persönlichen Gespräch nach Alko-
hol am Steuer gefragt werden würden?“) einen Einfluss auf die Prävalenzschätzungen für die 

Die restlichen Befragten, die allesamt mit „gar nicht“ geantwortet hatten, bildeten die andere 
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rage mit „gar nicht“ antworteten, deutlich niedriger als in der 

rhalten bei der Sensitivitätsfrage: „Sensitivi-
1“ (links) und „Sensitivität 1“ (rechts)

 



 

lerdings können insbesondere männliche Studierende als Angehörige einer „Risi-
kopopulation“ betrachtet werden, die überdurchschnittlich häufig leichtfertige Verhaltenswei-



und sich daher „ausgleichen“

–
einer Art „Deckeneffekt“ sein. Auch denkbar ist, dass durch die Frageformulierung eine Kon-
fundierung vorliegt: Mit den beiden „Anonymitätsfragen“ könnte unter anderem eine Art Ver-
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rung geführt haben: „Wie unangenehm wäre es für Sie, wenn Sie in einem persönlichen Ge-
spräch nach Alkohol am Steuer gefragt werden würden?“. Diese Frage beinhaltet möglicher-
weise eine „indirekte direkte Frage“ nach dem eigenen Ver –

valenzschätzern nach Antwort auf die „Sensitivitätsfrage“ vorzufinden. Die naheliegende Er-

 

neues Konstrukt erforscht. Im Großteil der Arbeiten und Statistiken, die das Thema „Alkohol 
im Straßenverkehr“ zum Gegenstand haben, wird „Alkohol am Steuer“ objektiver bzw. eindeu-
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– die Prävalenz von „Vieltrinkenden“ könnte dadurch unterschätzt, die von 
„Wenigtrinkenden“ überschätzt worden sein. Gegebenenfalls ist dieser Zusammenhang bei 
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etwa, indem nach einer Beurteilung der „gesellschaftlichen Verwerflichkeit“ des Verhaltens ge-

sharnais, 1998) und eine jüngst vorgestellte „Cheating“
Ulrich, 2020). In beiden Modellen ist die Schätzung eines „Cheating“

„Nein“ antworten. Diese selbstschützenden Antworten sollten mit größerem Verständnis der 

–
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6 Die Anwendung des UQMC anstelle des UQM ist in einer starken Validierungsstudie nicht unbedingt nötig, da 
bereits per Design falsch-negative Antworten geschätzt werden können. 



–
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