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Abstract
Conservationists measuring noncompliance with rules about the exploitation of natural re-
sources often need to ask sensitive questions. However, respondents can introduce bias through
distorting their answers to direct questions, due to social norms and/or the risk of legal sanctions.
Specialized Questioning Techniques (SQTs) are often a more suitable approach to counteracting
respondent bias, as they encourage honest answering by protecting respondent’s privacy by
design. This study aims to provide a complete overview of the main SQTs, as well as about their
most recent advances.

We performed a scoping review of existing SQTs, starting from those covered in Nuno and
St. John (2015). We included techniques that have never been explained to conservationists
before, and/or that were invented after 2015, or which had advanced and improved since Nuno
and St. John (2015).

Our review identified 9 different broad types of SQTs, defined according to their practical im-
plementation. We found 18 new versions of the randomized response technique, the unmatched
count technique, the item sum technique, the triangular model and the crosswise model. We
also discuss endorsement experiments and the ballot box method, which have not been covered
in a review for the benefit of conservationists. Finally, we found four new SQTs: the parallel
model, the pair method, the list method and the person count technique. Each technique is
explained with real, or hypothetical, examples and discussed in its advantages and limitations.

SQTs have undergone an impressive development over the last few years, and many different
techniques are available to elicit sensitive behaviors with implications for conservation. This
research offers a summary to conservationists and practitioners who want to understand SQTs
and integrate them in their work, which should be a priority for those studying sensitive
behaviors with implications for conservation.
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1 Introduction

Conservation research often deals with human behaviors that are sensitive (Krumpal, 2013).
These can include illegal activities subjected to formal sanctions, like poaching (St. John et
al., 2015), taboos imposed by traditional beliefs (Jones et al., 2008), or socially undesirable
activities that would meet with disapproval by our own peers.

As a result, conservationists who attempt to study the prevalence and drivers of such behaviors
through questionnaire surveys may find that data gathered from respondents are biased (e.g.
Davis et al., 2019; St. John, Mai, & Pei 2015). This bias often lies in the way answers
are collected, which is usually through direct questioning, and has lower perceived privacy
protection. When respondents are recruited in the field, they are (ideally) assured that their
privacy is protected by researchers’ commitment to ensure confidentiality of the findings.
However, this commitment is often not enough to outweigh the potential costs connected with
revealing deviant or illegal behavior and, even in confidential direct answers, respondents might
feel their privacy is not adequately protected (Brittain et al., 2020). Moreover, in contexts
characterized by human rights abuses, where local authorities may sift through researchers’ data
(Russo & Strazzari, 2020), direct answers could jeopardize both researchers and participants,
especially for studies exploring deviant behaviors.

Specialized Questioning Techniques (SQTs) have been proposed as a way to overcome these
issues, through anonymizing answers by design, and began to be adopted more widely in
conservation almost fifteen years ago (e.g. Nuno, Bunnefeld, Naiman, & Milner-Gulland 2013;
Solomon, Jacobson, Wald, & Gavin 2007). This increase in the use of SQTs was discussed in a
systematic review in 2015 (Nuno & St. John, 2015), which provided researchers with a broad
overview of existing methods and showed that Randomized Response Technique (RRT) and
Unmatched Count Technique (UCT) were most commonly used; however, the authors noted
that SQTs were still under-utilized in studies designed to accurately understand human behavior.
Following this review, conservationists, albeit still adopting the classical designs of RRT or the
UCT, were increasingly aware of their potential limitations (Davis et al., 2019; Hinsley, Keane,
St. John, Ibbett, & Nuno 2019).

Many things have changed since 2015, in the field of SQTs. There has been a notable increase
in the use of the “classical” SQTs of RRT and UCT (e.g. Cerri, Mori, Vivarelli, & Zaccaroni 2017;
Cerri, Ciappelli, Lenuzza, Nocita, & Zaccaroni 2018; Chang, Cruyff, & Giam 2018; Davis et
al., 2019; Davis and Glikman, 2020; Hinsley, Nuno, Ridout, St. John, & Roberts 2017; Ibbett
et al., 2017; Ruppert et al., 2020), with corresponding advancements in understanding how
useful these methods are in varying contexts and for varying behaviors. This is largely the
result of continually increasing recognition of the importance of understanding and measuring
conservation-related human behavior (Bennett et al., 2017), as well as deviant behavior in
general (Gino & Ariely, 2016); for example, SQTs are now seen as a means to accurately
measure prevalence to inform impact evaluations of behavior change campaigns (e.g. Davis et
al., 2020), or to measure changes wrought by other initiatives such as community engagement
and awareness-building (Ruppert et al., 2020). Moreover, ongoing global digitalization offered
new fields of application for SQTs, and social scientists started designing methods suitable
for Internet users. However, researchers became increasingly aware that SQTs are cognitively
demanding, can suffer from large estimation errors, do not always remove response bias, and
in many cases, do not allow researchers to link behaviors to their drivers (e.g. Chuang, Dupas,
Huillery, & Seban 2019).

Despite these issues, it is undoubtedly important that researchers utilize methods that will
ensure they gather the most accurate estimations of behaviors that can threaten natural resources.
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By doing so, researchers can more effectively advise on conservation management priorities and
where best to allocate money and time, while also providing robust, evidence-based baselines
that conservation interventions can be evaluated against.

To understand and illuminate potential opportunities for expansion into more effective
SQTs in conservation, we reviewed the available social science and statistical literature about
advances in SQTs since Nuno and St. John’s (2015) review. Here, we investigate published
critiques and methodological analyses of each technique, and discuss the main challenges that
SQTs face. Our overall aim for this study is to: (i) explain existing SQTs, (ii) summarize the
most recent advances in existing SQTs and (iii) introduce novel SQTs that appeared after 2015,
while providing practical examples for practitioners and researchers working in conservation
who have used SQTs before, or plan to use them for the first time, and illuminating potential
limitations and strengths of these methods.

Figure 1 | Groups of SQTs, single techniques and their advances.

2 Methods
We conducted a scoping review of SQTs. The adoption of a scoping review was motivated by the
fact that, when replicating the query used in 2015 (Nuno & St. John 2015) on ISI and Scopus,
we found more than 9,000 studies, often not directly related to deviant or illegal behavior.
Most of these studies were adopting questionnaires for diverse reasons, and only marginally
mentioned social desirability or response bias in the discussion. The effectiveness of the original
query was probably affected by growth in indexed scientific publications in the English language,
which almost doubled since 2014 (Bornmann & Mutz, 2015).

Our scoping review was nevertheless based on a structured search protocol. First, starting
from Nuno and St. John (2015), we identified 9 SQTs, each one characterized by one, or more,
seminal studies: the randomized response technique (RRT: Greenberg, Abul-Ela, Simmons, &
Horovitz 1969; Kuk, 1990; Warner, 1965), the unmatched count technique (UCT, also known
as “list experiment”, Droitcour et al., 2004), the item sum technique (Trappmann, Krumpal,
Kirchner, & Jann 2014) the nominative technique (Miller, 1985), the grouped-answer method
(also known as the “three-card method”, Droitcur & Larson, 2002), the crosswise model (Yu, Tian,
& Tang 2008), the triangular model (Yu, Tian, & Tang 2008), the diagonal model (Groenitz,
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2014), the hidden sensitivity model (Tian, Yu, Tang, & Geng 2007), the negative question
method (Esponda & Guerrero, 2009), and the bean method (Lau, Yeung, Mui, Tsui, & Gui 2011).
For each one of these 9 SQTs we read those studies that had proposed them for the first time,
and then we searched on Google Scholar for those studies published after 2015, which cited
them. To increase the effectiveness of our strategy we also searched for those studies that cited
two major reviews about SQTs in conservation (Hinsley, Keane, St. John, Ibbett, & Nuno 2019;
Nuno & St. John, 2015).

In addition, we also considered SQTs which appeared after 2015 or were not covered in
Nuno and St. John (2015), and which we had encountered during our on-line search of related
articles: the person count technique, the parallel model, the list method, the pair method, the
ballot box method and endorsement experiments.

We grouped SQTs based on differences in their practical implementation (e.g. methods
using a randomizing device), rather than according to differences in the statistical estimation of
parameters (e.g. the crosswise model can be regarded as a variant of the RRT). We deem this
classification to be more helpful for conservation scientists, to better grasp the underlying idea
behind the various SQTs and to imagine their practical application in various settings.

3 Results
In terms of their privacy protection mechanism, we found 9 main groups of techniques (Table
1). The nominative technique, the grouped-answer method, the diagonal model, the hidden
sensitivity model, negative questions and the bean method did not receive any significant
advance in their practical implementation, since 2015, although some of these methods have
now begun to be adopted by conservation researchers (e.g. the bean method, Cerri, Ciappelli,
Lenuzza, Nocita, & Zaccaroni 2018; Jones, Papworth, Keane, Vickery, & St. John 2020). Since
2015, we found 4 invented new SQTs and 18 new variants of existing techniques (Table 1).
Below we briefly explain these methods and show an approximate “phylogenetic” tree of the
connections between the various methods (Fig. 1)

3.1 A short overview of existing SQTs

In the following lines, we aim to provide an introduction to the three main types of SQTs, which
were advanced since 2015. Notably, we will discuss the randomized response technique, the
unmatched count technique, the item-sum technique, and two non-randomized techniques: the
crosswise and the triangular model.

3.1.1 The randomized response technique

The Randomized Response Technique (RRT) introduces some noise, with a known probability
distribution, to mask individual answers (Nuno & St. John, 2015). Various statistical approaches
are then adopted to handle this noise, estimate behavioral prevalence and also obtain likelihood
functions to model individual covariates (Cruyff, Böckenholt, Van Der Heijden, & Frank 2016).
Noise can come from a randomizing device or from one or more non-sensitive questions. The
higher the amount of noise, the higher the level of privacy protection, but at the cost of the
statistical efficiency of the estimator; moreover, simple probabilities are easily calculated and can
incur suspicion in respondents if they believe the researcher can record whether they answered
truthfully or not.

However, it is possible to play with people’s misperception of probabilities to increase the
efficiency of the randomization (e.g. by using the “Benford illusion”, where people misperceive
the real distribution of the first digits of a numeric series, Diekmann, 2012). In terms of their
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practical implementation, there are four major approaches to the RRT. Importantly, all of them
assume that respondents are left alone when answering the question, and that their use of the
randomizing device is hidden from the interviewer (e.g. with a cup over a die).

In the forced response design (Boruch, 1971), the most common RRT variant in conservation
studies (e.g. Cerri, Mori, Vivarelli, & Zaccaroni 2017; Davis et al., 2019; Ruppert et al., 2020;
Santangeli, Arkumarev, Rust, & Girardello 2016; St. John, Mai, & Pei 2015), respondents use
the randomizing device to ensure that it is impossible for researchers to know which options
were selected in a multi-option question, or which numerical answers were provided. For
example, respondents may be given a traditional six-sided die. If respondents roll 1, they are
asked to give a forced response of “no” to the question. If they roll 6, they must give a forced
response of “yes”. If they roll 2, 3, 4, 5 then they can answer truthfully (Fig. 2). The biggest
advantages of the forced-response RRT are: that its only assumptions are respondent privacy
being maintained by the researcher stepping away and/or covering the randomizing device,
along with respondents’ compliance with instructions; and statistical efficiency, which is higher
than the other RRTs. However, it requires the use of a randomizing device, which has three
main limitations: (i) respondents must understand how to use it, (ii) respondents should be
familiar with that particular device, to understand how it will protects their privacy and (iii) the
context where the questionnaire is administered should be suitable for using the randomizing
device (e.g. a die should not be used if gambling is frowned upon in the society the researcher is
working in).Finally, although statistical error may not be as large as techniques like unmatched
count technique (UCT) (Section 3.1.2), the errors can still be large enough to make accurate
estimations of prevalence challenging (e.g. Ruppert et al., 2020)

Instructions

Before answering to the 
question, please, roll the 

die and check the 
number that appeared 
on the top. 

Remember !

If the number is ...

1 = answer "Yes"

6 = answer "No"

2, 3, 4, 5 = answer honestly

Question

Over the last 12 months, 
did you go �shing 
without having a valid 
�shing permit ?

[Yes] [No]

Figure 2 | An example instruction card for the forced-response RRT, containing a case study about illegal fishing
(Cerri, Ciappelli, Lenuzza, Zaccaroni, & Nocita 2018). Respondents are provided with a 6-faces die, instructions and
the question. The die must be rolled before answering and respondents must not reveal the outcome of die roll.
Respondents could record their answers on a self-administered questionnaire (like in this example) or answer to an
enumerator.

In the unrelated question design (Greenberg, Abul-Ela, Simmons, & Horovitz 1969), the
randomizing devices allocate respondents to one of two questions, with identical response
options (e.g. Yes/No). Privacy is therefore protected because it is impossible to understand to
which question respondents were allocated (e.g. Lee, Peng, Tapsoba, & Hsieh 2017). One of the
two questions is the sensitive question of interest, while the other is a non-sensitive question,
whose prevalence in the target population is known (Fig. 3).
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Instructions

Before answering to the 
question, please, roll the 

die and check the 
number that appeared 
on the top. 

Remember !

If the number is ...

1 or 2 answer Question A

3,4,5,6 answer Question B

Question A
Is your mother's birthday 
in January, February of 
March?

Question B
Did you kill a wolf, over 
the last 5 years?

[Yes] [No]

Figure 3 | An example instruction card for the unrelated question RRT, containing a hypothetical case study about
wolf killing. Respondents are provided with a 6-faces die, instructions and the question. The die must be rolled
before answering and respondents must not reveal the outcome of die roll. Respondents could record their answers
on a self-administered questionnaire (like in this example), or answer to an enumerator.

In the mirrored question design (derived from the indirect questioning mode, Warner, 1965),
respondents are asked one of two mirrored sensitive questions/statements, according to proba-
bility (Blair, Imai, & Zhou 2015). Like in the unrelated question design, here the randomizer
allocates respondents to one of two conditions, thus making it impossible to understand which
question respondents were allocated to (Fig. 4).

Instructions

Before answering to the 
question, please, roll the 

die and check the 
number that appeared 
on the top. 

Remember !

If the number is ...

1 or 2 answer Question A

3,4,5,6 answer Question B

Question A
I have never hunted 
within a protected area.

Question B
At least once, I hunted 
within a protected area.

[Yes] [No]

Figure 4 | An example instruction card for the mirrored question RRT, containing a hypothetical case study about
illegal hunting. Respondents are provided with a 6-faces die, instructions and the question. The die must be rolled
before answering and respondents must not reveal the outcome of die roll. Respondents could record their answers
on a self-administered questionnaire (like in this example), or answer to an enumerator.

In the disguised response design (Kuk, 1990), respondents never need to state “true/yes”
or “false/no” to the interviewer. Instead, they are given two decks, which correspond to the
real answer of respondents (one deck for “true-yes” and one deck for “true-no”) with different
proportions of colored cards, corresponding to “stated” yes/no. For example, Chang, Cruyff,
and Giam (2018), in a study investigating bird hunting in China provided respondents with two
decks with 15 cards each, one for the real “yes” and one for the real “no” answer. The “yes deck”
had 80% red and 20% black cards, while the “no deck” contained 20% red and 80% black cards.
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Red cards corresponded to a “yes” response and black card with a “no” response. Respondents
were asked to: (i) draw a card from the deck corresponding to their true answer (e.g. from
the “yes” deck if they really engaged in the behavior), (ii) not reveal which deck the card was
from, (iii) report the card’s color, (iv) put the card back into the deck and (v) shuffle the deck
(Fig. 5). In the disguised response the privacy is protected by the fact that researchers do not
know from which deck respondents drew the card. Chang, Cruyff, and Giam (2018) found
that respondents were more likely to believe that disguised response gave them anonymity,
compared to the forced-response. This indicates that disguised response may be effective at
increasing respondents’ comfort and therefore their compliance with instructions, compared to
other RRTs.

Instructions

You have two decks of 
cards in front of you. 
Read the question below.

Could you please tell us 
the color of the card ?

[Red] [Black]

Put back the card in the 
same deck and shu�e it. 
Thanks !

Question

Have you ever released 
poisoned baits around 
your farm ?

Remember !

If you released poisoned 
baits, pick a card from 
the deck on your left.
If you did not release 
any poisoned bait, pick a 
card from the deck on 
your right.

Figure 5 | An example instruction card for the disguised response RRT, containing a hypothetical case study about
illegal hunting. Respondents are provided with 2 decks of cards on a table, instructions and the question. A card
must be drawn before answering and respondents must not reveal from which deck it was extracted. Respondents
could record their answers on a self-administered questionnaire (like in this example), or answer to an enumerator.

3.1.2 The unmatched count technique (list experiments) and the item sum
technique

The Unmatched Count Technique (hereafter UCT, also known as “list experiment”) protects
respondents’ privacy by asking them simply to indicate how many behaviors apply to them, from
a list of non-sensitive and sensitive behaviors. In its classical version, the item count technique
(Raghavarao & Federer, 1979) respondents are separated into two groups, one designated as the
control group and one as the treatment. Each group is shown a set of behaviors and asked how
many of these they have done. The control group is only shown innocuous behaviors, while the
treatment group is shown the same set of innocuous behaviors plus the sensitive behavior of
interest (Fig. 6). The difference between the control and the treatment groups represents the
mean prevalence of the target sensitive behavior in the population. The item count technique
is argued to reduce sensitivity by having respondents only give a numeric response; thus, the
researcher never knows if one of the behaviors performed by the respondent was the sensitive
one of interest. Although this method requires significant checking and piloting of the behaviors
utilized (Hinsley, Keane, St. John, Ibbett, & Nuno 2019), it is also simple to check for internal
consistency (Blair & Imai, 2012). For example, researchers should ensure that there are no “floor
effects”, where individuals would have to state “0”. Therefore, if the researcher finds multiple
“0s” within their sample, they know that respondents were actively lying (e.g. Hinsley, Nuno,
Ridout, St. John, & Roberts 2017). A major advantage of the UCT lies in the trust it inspires
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in respondents: Hoffmann, De Puiseau, Schmidt, and Musch (2017) found that the UCT was
perceived as more capable of protecting respondents’ privacy then the crosswise method, the
stochastic lie detector and the cheating detection model. Therefore, this method was considered
to be particularly suitable for eliciting extremely sensitive behaviors, although this could be
context dependent; a study conducted in Cambodia found that RRT was believed to be more
trustworthy compared to UCT (Davis et al., 2019).

Control TreatmentInstructions

Please, read the list and 
tell us how many 
behaviors applied to you 
during your stay at the 
Park. You don't need to 
tell us which behaviors, 
just their total number.

Looking for mushrooms

Picking up berries

Going �shing

Taking pictures

Looking for mushrooms

Picking up berries

Going �shing

Taking pictures

Collecting petri�ed wood

Figure 6 | An example instruction card for the classic 2-groups item count technique, containing a hypothetical case
study about illegal petrified wood removal from a protected area (Cialdini et al., 2006). Respondents are randomly
allocated to the Control or Treatment condition and should write on the questionnaire, or tell the interviewer the
number of actions they did, during their stay at the Park. The sensitive behavior is highlighted.

In double list UCT, the respondents are further separated, with two sets of non-sensitive
behaviors, A and B, and the appended sensitive item switched off between the lists (Glynn 2013,
Fig. 7). This method can in principle narrow the large statistical errors that characterize UCT
(e.g. Davis et al., 2019, 2020; Hinsley, Keane, St. John, Ibbett, & Nuno 2019). However, to our
knowledge it has not been applied in a conservation setting

In addition, where the perceived sensitivity of certain behaviors is unknown, the design of
the double list UCT can provide some measure of this sensitivity. For example, in their study of
women’s sexual behaviors in Côte d’Ivoire, Chuang, Dupas, Huillery, and Seban (2019) crafted
multiple lists of 48 statements total, divided into two sets. In their “treatment” set, the lists
included innocuous as well as semi-sensitive statements, e.g. “Many women have an abortion
even though it is illegal”. They could therefore compare statements between their control set
to see whether women generally answered at a lower prevalence for any perceived sensitive
statements. However, this consistency and sensitivity check comes with risk to the respondents.
Ceiling effects occur when a respondent states that they have done and/or agree with the
statements presented, thus negating their ability to give an anonymous response. Chuang,
Dupas, Huillery, and Seban (2019) found that ceiling effects occurred as affirmative responses
grouped, e.g. women who stated yes to a sexual behavior were also more likely to state yes to
questions such as “Many women have an abortion even though it is illegal”.

In single sample count UCT, the sample is not split into two groups. Instead, the entire
sample is asked about the sensitive behavior, as well as being asked four non-sensitive questions
where each of the questions must have a 50% yes rate (Petróczi et al., 2011, Fig. 8). Thus, the
estimated prevalence of the behavior concerned will be any deviation from 50%. Although this
method was conceived to overcome the large standard errors of UCT, the method still suffered
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Control (A) Treatment (A)Instructions

Please, read the list and 
tell us how many 
behaviors applied to you 
during your stay at the 
Park. You don't need to 
tell us which behaviors, 
just their total number.

Looking for mushrooms

Picking up berries

Going �shing

Taking pictures

Looking for mushrooms

Picking up berries

Going �shing

Taking pictures

Collecting petri�ed wood

First wave

Control (B) Treatment (B)

Camping

Mountain biking

Hiking trails

Climbing

Administration

Respondents

Treatment (A)

Control (B)

Control (A)

Treatment (B)

Camping

Mountain biking

Hiking trails

Climbing

Collecting petri�ed wood

Second wave

Figure 7 | An example instruction card for the double list unmatched count technique, containing a hypothetical
case study about illegal petrified wood removal from a protected area (Cialdini et al., 2006). Respondents are
randomly allocated to the Control or Treatment condition in the first wave, and should write on the questionnaire, or
tell the interviewer the number of actions they did, during their stay at the Park. Then on the second wave, they are
allocated to the opposite condition. Control lists in the first and second wave contain two different sets of behaviors.
The sensitive behavior is highlighted.

from this issue. Similarly to double list UCT, there have been no attempts in the conservation
literature to apply this method.
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Instructions

Please, read the list and tell 
us how many of these 
sentences apply to you. You 
don't need to tell us which 
behaviors, just their total 
number, from 0 to 5.

The last digit of my phone number is even

My house number is even

My mother's birthday falls between July and December

My birthday falls between January and June

In 2020 I sold wild boar meat to one, or more, restaurants
Number: ___________

Figure 8 | An example instruction card for the single sample count unmatched count technique. Respondents here
might be hunters, in a hypothetical study where researchers want to estimate how many of them illegally sold wild
boar meat to one, or more, restaurants in 2020. Answers could be recorded directly on the questionnaire (like here),
or can be dictated to an interviewer. The sensitive behavior is highlighted.

Finally, the item sum technique (IST) is an extension of the UCT where respondents are
asked to give summed quantitative answers, e.g. average number of wolves shot by hunters
(Fig. 9).

Control TreatmentInstructions
Please, read the list and tell 
us how many individuals, of 
the species in the list, you 
killed over the last 12 
months. You don't need to 
tell us how many individuals 
of each species, just the total 
number of animals killed.

Roe deer

Red deer

European mou�on

Alpine chamois

Roe deer

Red deer

European mou�on

Alpine chamois

Gray wolf
Total n. _____________

Figure 9 | An example instruction card for the item sum technique. Respondents here might be deer stalkers in the
Alps, in a hypothetical study where researchers want to estimate their illegal killing of wolves. Answers could be
recorded directly on the questionnaire (like here), or can be dictated to an interviewer. The sensitive behavior is
highlighted.
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3.1.3 Non-randomized techniques

Non-randomized techniques ask respondents to provide a conjoint answer to two or more
questions, including the sensitive question of interest. They do not require a randomizing
device, and therefore their field administration is made easier than RRT. Moreover, some of
them, like the crosswise model, ensure that it is difficult for respondents to adopt self-protective
answers.

In the crosswise model, respondents are asked only to tell whether they provided the same
answer, or two different answers, to a couple of statements. One statement is the non-sensitive
question, whose prevalence in the target population must be known in advance and the second
statement is about the sensitive behavior of interest (Fig. 10).

Instructions

Please, read Statement A 
and Statement B. Then, 
answer the question.

Statement A
My mother was born 
between August and 
December.

Statement B
I consumed pangolin 
meat, at least once.

Are both Statement A 
and Statement B, true or 
false (you would have 
answered True/True and 
False/False to them) ?

[Yes]    [No]

Question

Figure 10 | An example instruction card for the crosswise method, from a hypothetical study exploring the
consumption of Pangolin meat in South-East Asia. Answers could be recorded directly on the questionnaire (like
here), or can be dictated to an interviewer. Of course, researchers must know the distribution of Question A, to
estimate question B.

Compared to direct questioning and the UCT, Hoffmann, De Puiseau, Schmidt, and Musch
(2017) found that the crosswise model was easy to understand for respondents’, and that the
method was deemed to be good at protecting individual privacy, being outperformed only by the
UCT. Furthermore, Meisters, Hoffmann, and Musch (2020) found that providing respondents
with detailed instructions and additional comprehension checks might improve its accuracy. The
performances of the crosswise model are still debated: some authors found that the technique is
sensitive to false positives (i.e., where respondents state that they have performed the sensitive
behavior when they have not (Höglinger & Diekmann, 2017); however, validation studies based
on experimentally induced cheating behavior (Hoffmann, Diedenhofen, Verschuere, & Musch
2015) and known prevalence of sensitive behaviors (Korndörfer, Krumpal, & Schmukle 2014)
supported the crosswise model’s robustness as a specialized questioning technique.

The triangular model (Yu, Tian, & Tang 2008) is similar to the crosswise model in the sense
that respondents are provided with a couple of questions: a safe one, with known prevalence
and a sensitive one, about the sensitive trait which should be estimated. However, rather
than indicating whether they provided the same answer or not, they are asked whether they
answered “no” to both questions, or whether they affirmed one (Fig. 11). It is easy to see that
the triangular model provides respondents with a clear self-protective strategy, as they could
simply state that they answered “no” to both questions. Although the triangular method protects
respondents’ privacy more efficiently than the crosswise model, this can cause estimations to
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be incorrect because respondents are so trusting of the method that they trust that they can
answer deceitfully and not be detected (this effect has also been proposed to occur in at least
one case, with RRT (Davis et al., 2019). Overall, the crosswise model might be preferred, as it
might be harder for respondents to violate instructions, as the crosswise model does not provide
any clear self-protective answering behavior.

Instructions

Please, read Statement A 
and Statement B. Then, 
answer the question.

Statement A
My mother was born 
between August and 
December.

Statement B
I consumed pangolin 
meat, at least once.

Is one, between Statement 
A and Statement B, true ?

[Yes]    [No]

Question

Figure 11 | An example instruction card for the triangular method, from a hypothetical study exploring the
consumption of Pangolin meat in South-East Asia. Answers could be recorded directly on the questionnaire (like
here), or can be dictated to an interviewer. Of course, researchers must know the distribution of Statement A, to
estimate the frequency of Statement B.
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3.2 Advances in existing techniques

3.2.1 Advances in RRT

The quantitative RRT, for Poisson-distributed count data (Cao, Breidt, Solomon, Conteh, &
Gavin 2018) follows the same method as the forced response (Boruch, 1971), but the response
is a count variable. A sealed vessel with colored balls can be used as a randomizing device.
Balls have a number from a known Poisson distribution. Respondents draw a ball and, based on
its color, report their count answer or the number on the ball (Fig. 12). Compared to additive
or multiplicative RRT (Eichhorn & Hayre, 1983; Pollock & Bek, 1976), where respondents must
engage in mathematics when giving their numerical response, the advantage of this approach
lies in the fact that respondents do not have to sum or multiply quantities, thus reducing their
cognitive load.

Instructions
Please, extract a 
ball from the 
urn, without 
being seen by 
anyone. Look at 
the color of the 
ball and answer 
the question

Question
Write down how many wolves you 
killed over the last 3 years __________

Question
Write the number on the ball :
__________________________

If the ball is 
orange ...

If the ball is 
green ...

Figure 12 | An example instruction card for the quantitative RRT, containing a hypothetical case study about wolf
persecution from herders. Before answering, respondents draw a ball from a sealed vessel. Balls are numbered with
numbers from a known Poisson distribution. If the ball is green they are asked to write or state the number on the
ball, while if the ball is orange they can write or state down how many wolves they killed. Respondents can also
simply report a number to an interviewer. Privacy is protected if the color of the ball is seen by respondents only.

The multidimensional RRT (Cruyff, Böckenholt, & van der Heijden 2016) is based on two
nested forced-response questions. The first question estimates whether respondents engaged in
the target behavior, while the second question quantifies its frequency (Fig. 13).
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First die roll

Instructions

Before answering  
Question A, please, roll 
the colored die with the 
numbered faces and 
check the number that 
appeared on the top. 

Remember !

If the number is ...

1 or 2 = answer "Yes"

11 or 12 = answer "No"

between 3 and 10 = answer 
honestly

Question A

Over the last 3 years, 
did you kill any wolf ?

[Yes] [No]

Instructions

Before answering  
Question B, please, roll 
the colored die again 
and check the number 
that appeared on the 
top. 

Remember !

If the number is ...

between 7 and 12 check the 
option that applies to you

between 1 and 6 roll the die
with the letters on its faces.
Check the option with the
letter that appeared.

Question B
Over the last 3 years, how 
many wolves did you kill?

A - I did not kill any wolf

B - Just 1 wolf

C - Between 2 and 3 wolves

D - Between 4 and 5 wolves

E - Between 6 and 10 wolves

F - More than 10 wolves

Second die roll

Figure 13 | An example instruction card for the multidimensional RRT, containing a hypothetical case study about
wolf persecution from herders. Respondents are provided with a 12-faced colored die, with numbers on it, and with
a 6-faces die with letters from A to F on its faces. They are asked to roll the die colored die first, answer to Question
A, and then move to question B. The technique is mostly suitable for self-administered questionnaires.

The multidimensional design is more efficient than unidimensional designs, as it can detect
and account for noncompliance with instructions, and it can be adapted for the estimation of
multinomial outcomes (Cerri et al., 2018). However, the adoption of two consecutive forced-
responses raises some doubts about its cognitive load and its practical application in many
conservation settings, especially those characterized by low levels of literacy. It is worth noting
that approaches to detect and account for non-compliance in unidimensional forced-response
RRT have also been proposed (Blair, Imai, & Zhou 2015; Chuang et al., 2019).

With respect to the unrelated question design (Greenberg, Abul-Ela, Simmons, & Horovitz
1969), as a certain question might be sensitive for one respondent, but not for another, the
optional unrelated question design RRT was invented. Respondents are given the option of using
a randomization device to answer a question about a sensitive behavior, or to simply answer the
question directly if they believe that it is not sensitive (Fig. 14). If respondents are allocated to
question 1sensitive and believe the topic not to be sensitive, they can just answer question 2sensitive
directly. Respondents are given this option through an initial randomization device; thus, and
the researcher does not ideally know whether the respondent has chosen to use the second
randomization device or not. This technique ensures the accurate estimation of target behaviors,
even on an ordered scale, while obtaining an estimation of their perceived sensitivity (Arnab &
Rueda, 2016). While this method was evaluated from a mathematical standpoint, there has
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to date been only one application in a real scenario (sexual abuse: Chhabra, Dass, & Gupta
2016). Just like the multidimensional RRT, this technique might be too cognitively demanding
for respondents, as it combines two consecutive, interdependent questions. Moreover, it is
unclear whether the method might really make researchers unaware about the usage of the
randomizing device, which is the basic protection mechanism of the whole method.

First set of questions

Instructions
Draw another 
card, look at its 
symbol and 
answer the 
question on the 
same row.

Question D
Is your mother born in January,
February, or March ?

[Yes]

[No]

Question C
Over the last 3 years, did you
kill one, or more, wolves ?

[Yes]

[No]

The card is a 
club or a spade

The card is a heart
or a diamond

Instructions
In front of you 
there is a deck of 
cards. Draw a 
card, look at its 
symbol and 
answer the 
question on the 
same row.

Question B
Is your mother born in January,
February, or March ?

[Yes]

[No]

Question A
Is Question C too sensitive to be answered 
face-to-face ? In case it is not sensitive, 
check it  directly.

[Yes]

[No]

The card is a 
club or a spade

The card is a heart
or a diamond

Second set of questions

Figure 14 | An example instruction card for the optional unrelated question RRT, containing a hypothetical case
study about wolf persecution from herders. Respondents are provided with a deck of cards, containing 60% of red
cards (hearts or diamonds) and 40% of black cards (clubs or spades). This method is suitable for self-administered
questionnaires only.

The cheater detection model (Clark & Desharnais, 1998) is also based on the unrelated
question RRT. In the cheater detection model, there are two sub-samples with the neutral
question as the “gatekeeper” (Fig. 15). This allows for the estimation of respondents who
answered “no” to both questions. Although this can detect this “superficial” cheating, it’s not
possible to detect those who answer yes for the neutral question and then “no”, even if they
have in fact performed the sensitive behavior. Nonetheless, it provides a good baseline for the
level of cheating occurring.
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Instructions

Before answering to the 
question, think about 
your best friend and 
his/her birthday.

Remember !

If your best friend was 
born between April and 
December, answer the 
question truthfully.
If he/she was born in 
January, February or 
March, answer "Yes" to 
the question.

Question

Over the last 3 years, 
did you kill one, or 
more, wolves ?

[Yes] [No]

Figure 15 | An example instruction card for the cheater detection model, containing a hypothetical case study about
wolf persecution from herders. Respondents could complete a self-administered form or answer to an interviewer.

The RRT/crosswise design, adopts the unrelated question with known prevalence to signal
noncompliance. For example, if the unrelated question is “Is your age an even number?”, it is
possible to check if the answers to this question align with the age stated within the survey. This
can improve the estimation of sensitive attributes through a weighted conditional likelihood
estimator (Tu & Hsieh, 2017). This technique has not been applied in a conservation setting.

Item response theory (IRT) has been proposed to estimate the prevalence of a sensitive
behavior based on multiple RRT questions, while indicating the degree of noncompliance.
Chang, Cruyff, and Giam (2018) applied IRT assessed to understanding the prevalence of illegal
bird hunting by using three distinct RRT questions about three types of bird, e.g. “Have you
ever hunted partridge?”, “Have you ever hunted bulbuls?”, etc. By summing the scores from
these single RRTs, they were able to obtain an overall estimate of illegal bird hunting in their
sample. In addition, as noncompliance might be signaled from common method bias (i.e. when
they answered “no” to all three questions), the use of multiple RRT questions can indicate
when a respondent is likely to have answered deceitfully. Although this type of control against
bias requires additional analytical work for the researcher, this approach offers considerable
opportunities for the analysis of RRT data while ensuring prevalence estimation accuracy.

Chuang, Dupas, Huillery, and Seban (2019) also developed internal consistency test to
detect cheating in questionnaires with multiple RRT. For example, in a questionnaire asking
respondents to flip a coin before answering each of multiple RRT, the expected frequency
of “yes” and “no” answers should be around 0.5 and departures from this frequency signal
noncompliance. Performing consistency tests is important for impact evaluation purposes, which
SQTs are increasingly being used for; for example, non-compliance may actually be less prior
to a campaign intended to reduce the sensitive behavior, and more after the campaign, due
to norm pressure, thus obscuring accurate estimations of change (Camilotti, 2016). Although
tests for internal consistency cannot directly measure such attributes, they can provide some
indication of the trust researchers can have in their RRT estimations.
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3.2.2 Advances in UCT and the item sum technique

In the longitudinal unmatched count technique (Gaia & Al Baghal, 2019) the same sample
of respondents is given the control list and the sensitive list at different points in time. This
method reduces the statistical error that UCT suffers from; however, the method requires a
significant time investment, and as with UCT, if the non-sensitive items are not carefully chosen
the method can still generate incorrect estimates. To date, the method has never been applied
in for conservation issues.

In the negative binomial and Poisson UCT (Tian, Tang, Wu, & Liu 2017), respondents are
divided into a control and a treatment group. Rather than asking respondents how many
separate behaviors they have engaged in, respondents in the control group are asked to answer
a non-sensitive count question, while those in the treatment condition to sum this answer with
1, in case they have engaged in a target sensitive behavior (Fig. 16). The respondent then states
the sum, which anonymizes individual answers. While this method, altogether with Poisson and
Negative Binomial models, can in principle overcome floor and ceiling effects, it introduces large
variability in the data, which might jeopardize the accurate estimation of behavioral prevalence.

Instructions

Read the following 
questions and aswer.

Treatment

How often have you visited 
Hanoi, over the last 12 
months? Add 1 to the 
number of visits to Hanoi, if 
you also used tiger bone 
glue, over the last 12 months
 
N. visits: ____________

How often have you 
visited Hanoi, over the 
last 12 months ? 
Report the number of 
times.
N.visits: ____________ 

Control

Figure 16 | An example instruction card for the negative binomial/Poisson count UCT, containing a hypothetical
case study about tiger bone glue usage in Vietnam. Respondents are allocated at random to control or treatment
groups.

The Poisson-Poisson UCT is an extension of the Poisson UCT, which aims to understand what
covariates could affect the responses to the sensitive question of interest (Liu, Tian, Wu, &
Tang 2019). Respondents are divided into two groups, with Group 1 asked to choose a random
number from a Poisson distribution and report it. Group 2 is also asked to choose a random
number from the Poisson distribution, but to sum this number with 1, if they have engaged in
the sensitive behavior of interest (Fig. 17). Through this method, one can also collect covariate
data such as age and gender, and explore the effect of these variables on response using a
standard Poisson linear regression. However, the method is still characterized by highly variable
estimates.
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Instructions

Choose one of the 
following numbers.

6 8 4 4 7 4 2 3 6 5 1 5 2 2 4 2 5 10 3 
5 3 3 3 3 4 4 5 3 5 4 8 5 2 3 6 7 13 6 
5 1 5 7 4 5 7 8 3 4 2 7 1 2 4 7 5 4 6 5 
2 4 5 4 4 4 7 4 5 8 6 6 6 3 8 4 6 5 8 
10 11 1 3 7 8 7 8 1 4 5 7 10 6 6 4 48 
2 5 7 3 8 5 4 6 2 10 9 3 6 7 6 10 7 3 
4 8 6 4 5 6 6 3 4 5 6 8 9 1 4 4 5 8 7

Treatment

If you used tiger bone 
glue, over the last 12 
months, add 1 to the 
numer you chose. If you 
do not use tiger bone 
glue, report the number.
Number: ____________

Report the number you 
chose: ______________

Control

Figure 17 | An example instruction card for the Poisson-Poisson count UCT, containing a hypothetical case study
about tiger bone glue usage in Vietnam. Respondents are allocated at random to control or treatment groups.
Numbers on the list are extracted from a Poisson distribution with mean and variance equal to 5.

In the double list item sum technique (Krumpal, Jann, Korndörfer, & Schmukle 2018), the
logic exactly follows the double list UCT. However, the double list item sum technique can easily
be extended to include additional sensitive questions (e.g. Perri, Rodríguez, & García 2018).
The double list item sum technique greatly reduces the variability intrinsic in standard item
sum technique, but it might be cognitively demanding, and requires further testing.
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3.2.3 Advances in non-randomized techniques

In the extended crosswise model (Heck, Hoffmann, & Moshagen, 2018), respondents are
randomly assigned to two groups, as opposed to the crosswise model, where the sample is not
split into multiple groups. The groups receive the same sensitive question, but two different,
non-sensitive questions, with a known, and complementary prevalence in the target population
(Fig. 18). If respondents in group A receive the question “Is your mother’s birthday between
June and December?”, respondents in group B should receive the question “Is your mother’s
birthday between January and May?”. As with the crosswise model, the respondent then states
whether their answer is the same to both the non-sensitive and sensitive question, or whether the
responses are different. The extended crosswise model, while guaranteeing the same statistical
efficiency of the crosswise model, can also enable detection of respondent noncompliance with
instructions.

Group 1

Instructions

Please, read Statement A 
and Statement B. Then, 
answer the question.

Statement A
My mother was born 
between June and 
December.

Statement B
I consumed tiger bone 
glue, over the last 12 
monts.

Are both Statement A 
and Statement B, true or 
false (you would have 
answered True/True and 
False/False to them) ?

[Yes]    [No]

Question

Instructions

Please, read Statement A 
and Statement B. Then, 
answer the question.

Statement A
My mother was born 
between January and 
May.

Statement B
I consumed tiger bone 
glue, over the last 12 
monts.

Are both Statement A 
and Statement B, true or 
false (you would have 
answered True/True and 
False/False to them) ?

[Yes]    [No]

Question

Group 2

Figure 18 | An example instruction card for the extended crosswise method, with a hypothetical case study about
tiger bone glue consumption in Vietnam. Respondents are allocated at random to Group 1 or Group 2. The
temporal distribution of births, and therefore the frequency of Statement A is known. Respondents could complete a
self-administered questionnaire or answer to an interviewer.
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The dual non-randomized response technique and the alternating non-randomized response
technique have been proposed to actively account for deception in the triangular model (Wu
& Tang, 2016). In the dual non randomized response technique, the sample is split into two
groups, with two different non-sensitive questions. The method proceeds exactly as it would
normally, but by incorporating the split groups and different sensitive questions, noncompliance
can be measured (Fig. 19).

Group 1

Instructions

Please, read Statement A 
and Statement B. Then, 
answer the question.

Statement A
The last digit of my 
mobile phone number is 
even.

Statement B
I consumed tiger bone 
glue, over the last 12 
monts.

Is at least one statement, 
between Statement A 
and Statement B true ?

[Yes]    [No]

Question

Instructions

Please, read Statement A 
and Statement B. Then, 
answer the question.

Statement A
My mother was born 
between January and 
September.

Statement B
I consumed tiger bone 
glue, over the last 12 
monts.

Is at least one statement, 
between Statement A 
and Statement B true ?

[Yes]    [No]

Question

Group 2

Figure 19 | An example instruction card for the dual non randomized response technique, with a hypothetical case
study about tiger bone glue consumption in Vietnam. Respondents are allocated at random to Group 1 or Group
2. The frequency of Statement A is known, but Statement A in the two groups should have a different probability.
Respondents could complete a self-administered questionnaire or answer to an interviewer.
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In the alternating non randomized response technique, the sample is also split into two
groups, but only one non-sensitive question is used (Fig. 20). A key difference from the dual
non randomized response technique is that the triangle is “flipped” in one of the groups, in that
the respondent marks outside of the triangle if they do not have the sensitive characteristic, but
would say yes to the non-sensitive question. Both the two methods have been argued to provide
more accurate estimates than the triangular model, with the potential to capture double the
“true” prevalence of the behavior in question. However, they still suffer from high variability in
prevalence estimation, even for high sample sizes (n ∼ 1000; Wu & Tang, 2016).

Group 1

Instructions

Please, read Statement A 
and Statement B. Then, 
answer the question.

Statement A
My mother was born 
between January and 
September.

Statement B
I consumed tiger bone 
glue, over the last 12 
monts.

Is at least one statement, 
between Statement A 
and Statement B, true ?

[Yes]    [No]

Question

Instructions

Please, read Statement A 
and Statement B. Then, 
answer the question.

Statement A
My mother was born 
between January and 
September.

Statement B
I consumed tiger bone 
glue, over the last 12 
monts.

Is at least one statement, 
between Statement A 
and Statement B, false ?

[Yes]    [No]

Question

Group 2

Figure 20 | An example instruction card for the alternating non-randomized response technique (alternative non-
randomized response technique), with a hypothetical case study about tiger bone glue consumption in Vietnam.
Respondents are allocated at random to Group 1 or Group 2. The frequency of Statement A is known. Respondents
could complete a self-administered questionnaire or answer to an interviewer.
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3.3 Other SQTs

There are two techniques that were not considered in Nuno and St John (2015), despite having
been invented before 2015, and which we note could be adopted to measure sensitive questions
in conservation.

3.3.1 Endorsement experiments

Endorsement experiments measure sensitive attitudes. In endorsement experiments, participants
are randomly assigned to a treatment and a control group, both expressing their support for a
policy on a traditional 5- or 7- points bipolar scale (Blair, Imai, & Lyall 2014; Rosenfeld, Imai, &
Shapiro 2016). However, the treatment groups specifically recall a certain issue, which could
influence the evaluation of the baseline scenario (Fig. 21).

Control TreatmentInstructions
We would like to get your 
overall opinion of some local 
authorities. As we read their 
names, please say if you have 
a very positive, somewhat 
positive, neutral, somewhat 
negative or extremely 
negative opinion about them.

The Vietnamese ministry for 
the Environment.

   Very positive opinion
   Somewhat positive opinion
   Neutral opinion
   Somehwat negative opinion
   Extremely negative opinion

The Vietnamese ministry for 
the Environment, who 
introduced a law penalizing 
rhino horn consumption.
    Very positive opinion
    Somewhat positive opinion
    Neutral opinion
    Somehwat negative opinion
    Extremely negative opinion

Figure 21 | An example instruction card for an endorsing experiment, from a hypothetical case study about rhino
horn consumption in South-East Asia. Respondents are allocated at random to Group 1 or Group 2.

The difference in scores between these two groups reveals the importance of the specific issue
at hand. In endorsement experiments individuals never need to reveal their own preferences,
and the technique is quite easy to design and administer. However, endorsement experiments
are even more statistically inefficient than UCT, which is already characterized by overly high
variability (e.g. Davis et al., 2020), and as such large samples are often needed (Hinsley, Keane,
St. John, Ibbett, & Nuno 2019; Rosenfeld, Imai, & Shapiro 2016).

3.3.2 The ballot box method

In the ballot box method (Gregson, Zhuwau, Ndlovu, & Nyamukapa 2002) respondents are
provided with voting tokens, with a color and a number corresponding to the various questions.
An enumerator then explains the technique and reads the questions. Respondents put their
tokens into a sealed box, which is opened at the end of the study.

The ballot box method is similar in terms of privacy-protecting mechanism to the bean
method (Lau, Yeung, Mui, Tsui, & Gui 2011): respondents provide their anonymous answers
and their privacy is protected by the sealed vessel, which is opened at the end of the study (in
the case of comparable bean method, the vessel is opened at the end of every day, see Jones,
Papworth, Keane, Vickery, & St. John 2020). This mechanism is highly effective for measuring
sensitive behaviors at public events, where multiple answers are collected at the same time,
blurring individual answers (e.g. during meetings with stakeholders). The ballot box could
be extremely easy to implement and understand. Bova, Aswani, Farthing, and Potts (2018),
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adopted the BB in face-to-face surveys structured interviews with recreational anglers in South
Africa, and found that the technique provided higher estimates of non-compliant behaviors than
RRT and direct questioning.

3.4 New SQTs

3.4.1 The parallel model

The parallel model (Tian 2014), is a non-randomized technique combining two non-sensitive
questions, with known prevalence, with a sensitive question of interest. The parallel model is
based on two questions (Fig. 22).

Instructions

Please, consider
your birthdate 
and answer the 
question on the 
same row.
You were born...

Question
Did you use tiger bone glue,
over the last 12 months?

[Yes]

[No]

Question
Is the last digit of your mobile 
phone number an even number?

[Yes]

[No]

... between July 
and December

...between 
January and June

Figure 22 | An example instruction card for the parallel model, containing a hypothetical case study about tiger
bone glue usage in Vietnam. The temporal distribution of births and the distribution of mobile phone numbers
are known. Respondents could record their answers on a self-administered questionnaire (like in this example) or
answer to an interviewer.

In this case, both the distribution of births through the year, and the distribution of cell
phone digits, are known and provide information to estimate the prevalence of chimpanzee
meat consumption. Tian (2014) claims the parallel model to be statistically more efficient, and
more privacy protecting, than the crosswise model and the triangular model. However, to date,
the technique has only once been applied in field conditions (e.g. sexual habits, Tian, Liu, &
Tang 2019) and there have been no applications of it in conservation.

3.4.2 The "pair" and "list" methods

The pair method and the list method (Lagerås & Lindholm, 2020) apply to multiple choices. In
the pair method the respondent is asked to report his/her chosen option and another option,
chosen at random, and to write down the two answers in random order (Fig. 23).
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Instructions

Please, read the list here 
on the right. 
Choose the species that 
is your favourite meat, 
and another species, 
chosen at random.

Write down the two 
species in any order you 
want, below here:

____________________

____________________

Question

Chimpanzee

Red river hog

Gambian pouched rat

Crocodile

Water chevrotain

Bu�alo

Porcupine

Sitatunga

Figure 23 | An example instruction card for the pair method, containing a hypothetical case study about preferences
for chimpanzee meat consumption, compared to other bushmeat species (from van Vliet, Nebesse, & Nasi 2015).
Respondents could record their answers on a self-administered questionnaire (like in this example) or answer to an
interviewer. Alternatively, they can also check the two species on the list, with a cross-mark. To increase privacy
protection, lists can be extended to a higher number of species.

In the list method the respondent is presented with a list of options and to indicate whether
his/her option is on the list, with different respondents that are shown different lists (Fig. 24). It
is easier than the pair method, as it does not require any randomization by the respondent, and
privacy protection is even higher. The two methods have never been applied in conservation.
The list method is similar to UCT in its random allocation of sets of answers to two groups of
respondents. Therefore, like UCT, it might need large sample sizes (n > 1000-2000) to reduce
variance (Hinsley, Keane, St. John, Ibbett, & Nuno 2019). The two methods seem suitable to
measure preferences when many options are available, as this is their cornerstone of privacy
protection, and therefore unsuitable for researchers investigating behaviors with few categories.
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First respondent

Question

Please, read the list here 
on the right. 
Is your favorite species 
on the list ?

          [Yes]  [No]

Chimpanzee

Red river hog

Gambian pouched rat

Crocodile

Water chevrotain

Bu�alo

Porcupine

Sitatunga

Second respondent

Question

Please, read the list here 
on the right. 
Is your favorite species 
on the list ?

          [Yes]  [No]

kth - respondent

Question

Please, read the list here 
on the right. 
Is your favorite species 
on the list ?

          [Yes]  [No]

Kudu

Grass cutter

Snake

Red river hog

Small pangolin

Chimpanzee

Small monkeys

Birds

Snake

Porcupine

Bu�alo

Red river hog

Small monkeys

Sitatunga

Gambian pouched rat

Kudu

Data generation

From a list of j elements, 
considered a sample of k 
respondents, k lists of n 
elements are sampled at 
random, with 
replacement. This 
generates k lists, one for 
each participant, which 
are allocated at random.

Figure 24 | An example instruction card for the list method, containing a hypothetical case study about preferences for
chimpanzee meat consumption, compared to other bushmeat species (van Vliet, Nebesse, & Nasi 2015). Respondents
could record their answers on a self-administered questionnaire (like in this example) or answer to an interviewer.
Each respondent has a different list, generated at random. Lists might contain sensitive questions, or not.
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3.4.3 The person count technique

In the person count technique (Wolter, 2019), respondents are randomly assigned to a control
and a treatment group. In the control group, respondents are asked to think of three people
that they know, and state how many of those three would agree with a sensitive statement (e.g.
“I use pangolin scales for my health”). In the treatment group, respondents are asked to think of
the same three people from their social group, but should also consider themselves and their
own preferences when stating the number of people who agree with the sensitive statement.
The person count technique overcomes an issue of the nominative technique which is that
estimations of how many individuals in a social group perform a sensitive act is challenging to
identify, can be inflated and/or vague, and don’t concretely capture the actual preferences of
the individual being interviewed (e.g. Davis et al., 2019). However, the person count technique
could be highly sensitive to floor and ceiling effects, and due to the separation of the sample
into two groups, it could suffer from large standard errors, like UCT (Wolter, 2019).

4 Discussion
Worldwide, there is a growing need to quantify and understand conservation-negative behaviors
and potential noncompliance with conservation regulations, so as to better address and reduce
unsustainable resource use (Solomon, Gavin, & Gore 2015). SQTs are especially attractive to
conservation social scientists and conservationists seeking to use social science, as they promise
to measure human behavior and attitudes in an unbiased way. Our findings indicate that SQTs
have blossomed over the last five years, with both the invention of entirely new methods and
the development of many new applications of existing techniques. It is encouraging to see
that this development has gone beyond RRT, the most common SQTs method, and involves
methods which do not require any randomization device. This in particular is promising for
being more easily adopted by conservationists working in the field. Some methods, like the
ballot box method and bean method, while not having a sophisticated protection mechanism,
do keep responses private and appear to be simple and adaptable to many situations (Bova,
Aswani, Farthing, & Potts, 2018; Jones, Papworth, Keane, Vickery, & St. John 2020).

SQTs still pose some major challenges to researchers. First, while they can eliminate the risk
of privacy disclosure and sanctions, they do not entirely resolve respondents’ concerns about the
misinterpretation of their answers, or when answering about taboos (e.g. St. John et al., 2018).
Second, due to their cognitive load, and their sometimes complex functioning, SQTs can in some
situations not be understood by respondents (e.g. Davis et al., 2019). Third, which method is
“most” trusted seems to vary across different contexts, with RRT found to be “untrustworthy” in
some studies (Hoffmann, De Puiseau, Schmidt, & Musch 2017), and a more trusted method in
others (Davis et al., 2019). Fourth, other studies have suggested that the interpretation of SQTs
might be tricky even for highly educated respondents (Jerke, Johann, Rauhut, & Thomas 2019).

In recognition of these uncertainties, we call for a push, particularly in conservation, of
greater experimentation with SQTs in the field. Many of the new methods and variants identified
in this study have received relatively little or no practical application. They have been deemed
statistically valid; however, they may not in fact be scientifically valid, if they are created based
on erroneous assumptions about how humans act (Navarro, 2019). Testing these methods with
field experiments, coupled with qualitative research around the sensitive behavior of interest
(Chuang, Dupas, Huillery, & Seban 2019) is ultimately the sole way to diagnose potential
problems and to test for their performances. For example, Davis, Crudge, and Glikman (2020)
found that nominative technique was entirely unnecessary in a study on bear bile use in northern
Laos, due to a complete lack of sensitivity around use. Most of the non-randomized techniques
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reported in Table 1 have received little application in the field, and considered their potential
for conservation, their testing should be a priority.

Another relevant limitation for many SQTs is sample size. Most techniques require thousands
of observations, and even more for cheating detection (Clark & Desharnais, 1998; Schröter et
al., 2016), yet still they can suffer from large estimation errors. Even many recent techniques
achieve statistical efficiency only at the price of their practical implementation, through requiring
large sample sizes that ultimately become cumbersome (e.g. multinomial RRT, double list item
sum technique, pair and list method). Especially for conservationists, large samples are often
beyond what can be achieved, due to money and time complications in gaining large samples.
Moreover, large samples and standard errors could limit the application of SQTs in longitudinal
designs. To understand whether small sample sizes could perhaps be effective for some of
these techniques, there is a growing need for practical experimentation and subsequently clear
guidelines about sample size requirements of the various SQTs. For instance, at least two studies
using RRT have shown that although large error sizes persist, samples that are considerably
lower than 1000 can still result in sensible estimations of a behavior (∼ 500 individuals: Ruppert
et al., 2020; ∼ 200 individuals: St. John, Mai, & Pei 2015). Evidence-based guidelines around
such a fundamental aspect of studies would ultimately assist researchers to decide whether, and
which, SQTs are feasible for their study.

Moreover, we encourage conservationists to carefully think about why they need SQTs. While
many studies aim to quantify the prevalence of sensitive behaviors, many others focus on
understanding their drivers. These usually model the influence of covariates over the probability
that respondents engage in a certain behavior, but SQTs might not be the best tool for this
scope. Many of them do not allow for covariates at all (e.g. bean method, ballot box method,
nominative technique, person count method) and even those that can generally further worsen
their statistical power when doing so. Moreover, while there are implementations of the RRT
for randomizing questions to be used as a response variable or as a predictor in a regression
model (Cruyff, Böckenholt, Van Der Heijden, & Frank 2016), there is no way of randomizing
both. There are limits to adding noise.

We believe that other methods can be suitable for measuring drivers of sensitive, or deviant,
behaviors. For example endorsement experiments, but also choice experiments or factorial
survey experiments (Auspurg & Hinz, 2014), can be valuable approaches for understanding
drivers of individual behavior in conservation, even for sensitive topics.

5 Conclusions
There are a wealth of SQTs that conservationists can use to monitor and understand sensitive
topics. Although there are challenges intrinsic in many, if not most, of the methods described
here, some may be more applicable to researchers than classic forms of UCT and RRT. We
urge researchers to explore other options for reducing biases, but caution that researchers
should ideally have a fundamental understanding of the sensitive behavior and the system
it’s in, before plunging into use of an SQT. Moreover, we caution overt reliance on complex
statistical techniques, particularly models, without adequate interrogation of the assumptions
and structure (e.g. MacNally, 2000). Finally, where possible, we suggest that simple measures
of assessing internal consistency should be applied (Chuang, Dupas, Huillery, & Seban 2019).

Although there is no perfect SQT, we believe that understanding sensitive behaviors is highly
important. Despite the hurdles intrinsic in obtaining an accurate estimation of behavior, we
believe that the diversity of SQTs indicate that the use of them should be achievable for any
researcher in conservation, regardless of sample size or funds. The use of them must be careful
and thoughtful; however, the resulting reward of a more complete understanding of the complex
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and obscure counterbalance the effort involved in ensuring SQT efficacy.
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Table 1. Groups of SQTs that we identified, classified on the basis of their privacy-protection
mechanism. Advances in existing techniques, as well as new SQTs are indicated as “new!”.

Privacy protection Techniques Outcomes Covariates

Noise with a known distribution is
added to individual answers, usually
through a randomizing device (e.g. a
die, a deck of cards). Privacy is pro-
tected by adding noise at the individ-
ual level, respondents should feel pro-
tected and provide honest answers.

Forced response RRT (Boruch, 1971)

• Multidimensional RRT (Cruyff, Böckenholt, & van der Heijden 2016) new!

• Quantitative RRT (Cao, Breidt, Solomon, Conteh, & Gavin 2018) new!

Unrelated question RRT (Greenberg, 1969)

• Optional unrelated question (Chhabra, Dass, & Gupta 2016) new!

• Cheater detection model (Schröter et al. 2016) new!

• RRT-crosswise design (Tu & Hsieh, 2017) new!

Mirrored design RRT (Warner, 1965)
Disguised response RRT (Kuk, 1990)

Binary
Ordinal scales
Discrete counts
Multinomial
scales

Yes

Respondents are asked to provide an
overall answer about a set of be-
haviors, including sensitive and non-
sensitive ones. They might indicate
how many of these behaviors apply to
them (UCT), or summing the frequen-
cies of individual answers (IST). The
difference between groups estimates
the frequency of the behavior of inter-
est. Privacy is protected by the fact that
respondents provide an overall answer
about a set of 4 - 10 behaviors.

Unmatched count technique (UCT, Droitcour et al., 2004)

• Double list UCT (Glynn, 2013)

• Single-sample count UCT (Petróczi et al., 2011)

• Longitudinal UCT (Gaia & Al Baghal, 2019) new!

• Negative binomial/Poisson UCT (Tian, Tang, Wu, & Liu 2017) new!

• Poisson-Poisson UCT (Liu, Tian, Wu, & Tang 2019) new!

Item sum technique (IST, Trappmann, Krumpal, Kirchner, & Jann 2014)

• Double list IST (Krumpal, Jann, Korndörfer, & Schmukle 2018) new!

Binary (UCT)
Discrete counts
(IST)

Yes
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Privacy protection Techniques Outcomes Covariates

Respondents provide a conjoint an-
swers to two, or more, questions.
These include the sensitive question
of interest and one, or more, non-
sensitive questions whose prevalence
in the population is known. Privacy
is protected by the fact that respon-
dents provide a conjoint answer (e.g.
in crosswise model they indicate if they
provided two different answers to the
two questions, or not) and one of the
two questions is sensitive.

Crosswise model (Yu, Tian, & Tang 2008)

• Extended Crosswise Model (Heck, Hoffmann, & Moshagen 2018) new!

• RRT-crosswise design (Tu & Hsieh 2017) new!

Triangular model (Yu, Tian, & Tang 2008)

• Dual non-randomized response (Wu & Tang 2016) new!

• Alternating non-randomized response (Wu & Tang 2016) new!

Diagonal model (Groenitz, 2014)
Hidden sensitivity model (Tian, Yu, Tang, & Geng 2007)
Parallel model (Tian, 2014) new!

Binary
Discrete counts

Yes

Respondents are allocated to two
groups, each one containing three
blocks. The two groups contain a list
with the one sensitive and various non-
sensitive behaviors, which are assigned
at random to the three blocks, so that
Group1 and Group2 have the same
overall behaviors, but coupled differ-
ently. Respondents indicate only the
block (A, B or C) to which they be-
long, without indicating their real be-
havior. Privacy is protected because
researchers do not know which is the
behavior practiced by respondents.

Grouped-answer method (Droitcur & Larson 2002) Binary No

Respondents are asked questions posed
in a negative direction (e.g. ‘I did not
fish . . . ’), so they do not answer any
sensitive question which could jeopar-
dize them.

Negative question (Esponda & Guerrero 2009) Binary
Ordinal
Multinomial

Yes
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Privacy protection Techniques Outcomes Covariates

Respondents are provided with two
jars of multicolored beans. They are
asked to move a black bean from the
small to the large jar, if the answer to
a question is “no” and a bean of a cer-
tain color, if the answer to a question
is “yes”. After many answers, beans
are counted. Privacy is protected be-
cause (i) jars have many beans, so that
the movement of a single bean goes
unnoticed, (ii) jars are opened at the
end of the study and (iii) respondents
are not observed by researchers, when
they move beans.

Bean method (Lau, Yeung, Mui, Tsui, & Gu 2011) Binary No

Respondents are allocated to two
groups, each one containing three
blocks. The two groups contain a list
with the one sensitive and various non-
sensitive behaviors, which are assigned
at random to the three blocks, so that
Group1 and Group2 have the same
overall behaviors, but coupled differ-
ently. Respondents indicate only the
block (A, B or C) to which they be-
long, without indicating their real be-
havior. Privacy is protected because
researchers do not know which is the
behavior practiced by respondents.

Grouped-answer method (Droitcur & Larson 2002) Binary No
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Privacy protection Techniques Outcomes Covariates

Pair method : respondents answer the
sensitive question and a safe question,
picked from a list. The two answers
are then written down in a random or-
der and privacy is protected by private
randomization made by respondents.
List method: respondent is presented
with a list of options and indicate if
the sensitive option is on the list. Each
respondent receives a different list of
options, extracted at random..

List method (Lagerås & Lindholm 2020) new!
Pair method (Lagerås & Lindholm 2020) new!

Multinomial No

Respondents indicate how many peo-
ple in their social network engage into
a sensitive behavior. Then, one of re-
ported people is picked at random and
are asked how many people they be-
lieve to know about their friend’s be-
havior (nominative technique). Alter-
natively, they are split in a control and
a treatment group (person count tech-
nique). In the treatment group, respon-
dents are asked to add themselves to
the number of indicated people. Pri-
vacy is protected because researchers
do not know the real number of people
nominated by respondents.

Nominative technique (Miller, 1985)
Person count technique (Wolter, 2019) new!

Discrete No
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Privacy protection Techniques Outcomes Covariates

Respondents are provided with voting
tokens, with a color and a number cor-
responding to the answers to the var-
ious questions. An enumerator then
explains the technique and reads the
questions. Respondents put their to-
kens sheet into a sealed box, which is
opened at the end of the study. Privacy
is protected because the urn is opened
well after the interview and it is impos-
sible to trace back individual answers.

Ballot box method (Gregson, Zhuwau, Ndlovu, & Nyamukapa 2002) Binary
Ordered
Discrete

No

Respondents are randomly allocated
to a control and a treatment condition.
The control condition illustrates a cer-
tain issue (e.g. a policy), while treat-
ment condition highlights a certain as-
pect of interest of that issue (e.g. policy
impacts over wildlife trade). Respon-
dents express their approval of the sub-
ject described, ignoring respondents in
the other condition. The difference in
scores between the two groups reflects
the extent to which a certain issue is en-
dorsed by respondents. Privacy is not
protected, but framing might make re-
spondents’ unaware of questions’ sen-
sitivity, as a certain question could ap-
pear sensitive only if compared to other
questions in a survey.

Endorsement experiments (Blair, Imai, & Lyall 2014) Ordered (usu-
ally bipolar)

No
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