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Abstract

As an alternative to rating scales, in the multidimensional forced-choice (MFC) format,
participants are asked to rank items according to how well the items describe them.
However, researchers have not yet determined how to detect careless responding in MFC
questionnaires. Careless responding is a response behavior where participants provide an
answer without considering part (or any) of the content of the items (e.g., Nichols, 1989).
This dissertation provides a thorough investigation of careless responding in the MFC
format. We aimed to develop indices that could be used to detect careless responding in
MFC questionnaires and that would be suitable for differentiating between thoughtful and
careless responses and investigating their validity. To achieve these ends, we conducted

three studies.

In Study 1, we developed indices for detecting careless responding in MFC
questionnaires and examined their performance and intercorrelations. We conducted an
online study with N = 1,169 participants who completed a long survey that included a
series of personality questionnaires in the MFC format. We applied the newly developed
indices to this data set and computed several analyses to explore their performance and
to gain initial insights into careless responding in MFC questionnaires. The correlations
among the MFC indices were somewhat lower than those reported in previous studies
that used indices to detect careless responding in rating scales. A latent profile analysis
indicated that the majority of participants in the online study, approximately 76% to 84%,
did not engage in careless responding. However, those who did respond carelessly
displayed different levels of careless responding. In addition, we conducted a simulation
study to investigate whether the indices worked as conceptually intended. In this study,

we simulated three careless responding patterns and different proportions of careless



Abstract v

respondents in the sample. With one exception, the indices performed as conceptually
intended.

In Study 2, we evaluated the newly developed indices under conditions that are
assumed to be related to careless response behaviors, and we explored strategies for
responding to MFC questionnaires when feeling tired, listless, or unsure about how to
rank items. For this purpose, we conducted a laboratory study including N =430
participants. We manipulated careless responding and compared its manifestation on 11
careless responding measures. Participants were assigned to one of three conditions: a
control condition or two careless responding conditions in which we either instructed the
participants to respond carelessly or distracted them to induce careless responding. The
survey consisted of five inventories for assessing personality traits in the MFC format and
concluded with an oral interview in which we asked participants questions about the
response process. We found significant differences between the control condition and the
instructed careless responding condition on all of the indices except for survey completion
time. However, the control condition and the distracted responding condition were not
significantly different from each other on most indices. In the interview, commonly
reported strategies when feeling unsure, tired, or listless were reading the items
superficially, thinking less about the item content, choosing a random order, or copying
the presented order.

In Study 3, we thoroughly investigated the construct validity of the indices for the
MFC format in an online study that included three subsamples and a total of N = 2,163
participants. We examined the convergent, discriminant, and criterion-related validity of
the indices for the MFC format. A total of » = 1,513 participants completed a self-report
survey with several personality questionnaires in the rating scale (RS) and MFC formats
and several criteria, such as the motivation to participate, an intelligence measure, and

educational level. Moreover, we assessed n = 650 friends or partners of the self-report
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participants who completed an other-report questionnaire in the RS format about their
friend’s or partner’s personality. Except for one index, convergent validity was
established for all indices in the MFC format. Moreover, three indices showed higher
correlations with their counterparts in the RS format than with other indices in the MFC
or RS formats, reflecting discriminant validity. Results for criterion-related validity were
mixed. Whereas no support was found for hypotheses on personality traits and
educational level, self-reported test motivation and the intelligence measure were related
to the indices in the MFC format as hypothesized. The latent profile analysis in Study 3
yielded slightly different results compared with Study 1, identifying one careless class
that comprised 13% of the sample. A comparison of the proportions of careless
respondents identified by the indices in the RS and MFC formats showed smaller
proportions of careless respondents in the MFC format on three indices, whereas no
differences were found on three other indices.

Taken together, the three studies suggested that careless responding plays an
important role in MFC questionnaires and thus should be addressed not only in RS
questionnaires but also in the MFC format. The validated indices are publicly available
and can easily be applied to questionnaires in the MFC format using triplets. Moreover,

the results informed the definition of careless responding in MFC questionnaires.
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1 Introduction

During my bachelor’s and master’s studies, I worked as a research assistant in
various departments. Sometimes one of my tasks was to enter the responses from paper-
pencil personality questionnaires into the computer: strongly agree =5, agree = 4, and so
on. I noticed that, even though all participants were presented with the same response
scale, they seemed to differ in how they used it. For example, some participants did not
use the extreme categories at all, whereas other participants provided responses that were
very easy to type into the computer because they went diagonally from one extreme to
the other and back: 1-2-3-4-5-4-3-2-1, or because they used one response category
excessively. I later learned that there are terms to describe what I observed: careless
responding (e.g., Huang et al., 2012; Meade & Craig, 2012) and response styles (e.g.,
Van Vaerenbergh & Thomas, 2013); and that there are other response biases, which are
systematic tendencies in responses to items (e.g., Paulhus, 1991). Due to the negative
effects of responses biases on conclusions drawn from the data (e.g., Credé, 2010;
DeSimone et al., 2018; Voss, 2024), there is extensive research on how to deal with such
biases. The recommendations include using methods to detect careless responses (e.g.,
Curran, 2016; DeSimone et al., 2015), modeling the response styles along with the
construct of interest (e.g., Bockenholt & Meiser, 2017; Henninger & Meiser, 2020), and
using alternative response formats to the rating scale (RS) format (e.g., Wetzel & Greiff,
2018).

One of these alternative response formats is the forced-choice format (e.g., Sisson,
1948). In this format, participants are presented with multiple items within a block of
items and are asked to provide rankings of these items (e.g., according to how well the
items describe the participant’s personality). Thus, participants are implicitly forced to

make comparative decisions between items. The forced-choice format has advantages,



1 Introduction 2

such as eliminating response styles that are unique to the RS format and being less prone
to faking (e.g., Birkeland et al., 2006; Cao & Drasgow, 2019; Martinez & Salgado, 2021;
Viswesvaran & Ones, 1999; Wetzel et al.,, 2021). However, research on the
multidimensional forced-choice format is relatively young, as modeling approaches for
obtaining normative trait scores (e.g., Brown & Maydeu-Olivares, 2011; Maydeu-
Olivares & Brown, 2010; McCloy et al., 2005; Stark et al., 2005) are relatively novel.
Thus, there are many open research questions. One of them concerns the question of how
careless responding can be detected in the forced-choice format.

With this dissertation, my goal was to thoroughly investigate careless responding
and how to detect it in the forced-choice format. To achieve this goal, we conducted three
empirical studies. These studies were all aimed at investigating careless responding in
low-stakes noncognitive assessments with personality questionnaires in the
multidimensional forced-choice format. The dissertation is structured as follows: in
Chapter 1 the multidimensional forced-choice format and careless responding are
introduced, laying the groundwork for understanding the implications for the present
research. Chapter 2 outlines the aims of this dissertation, establishing the objectives that
guide the subsequent studies that are described subsequently in Chapters 3 to 5. Chapter

6 concludes with a General Discussion of the three studies.
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1.1 Multidimensional Forced-Choice Format

The multidimensional forced-choice (MFC) format is a response format in
psychological questionnaires. In this format, multiple items are presented together in
blocks of items, and participants are instructed to rank the items. There are variants of the
MFC format that differ in the number of dimensions that are measured, the number of
items presented within one item block, and the instructions on how to rank the items (e.g.,
Brown & Maydeu-Olivares, 2011, 2018). Thus, questionnaires can be unidimensional or
multidimensional (i.e., measuring one or multiple latent dimensions such as traits).
Personality questionnaires are usually multidimensional. Blocks of items can consist of
two (pairs), three (triplets), four (quads), or more items. The block size usually remains
the same throughout the questionnaire. Depending on the block size, there are different
ways to instruct participants in how to rank the items. In full ranking instructions,
participants are asked to rank all items, whereas in partial ranking instructions,
participants are asked to pick only some items (e.g., the item that best describes them).
Figure 1 shows three examples of blocks of different sizes. The first item block is a
unidimensional pair of two items measuring extraversion. In this block, participants are
instructed to select the item that best describes them. The second block is a
multidimensional triplet (measuring neuroticism, extraversion, and openness) with a full
ranking instruction. This triplet stems from the Big Five Triplets (BFT; Wetzel & Frick,
2020). The third block is a quad (measuring conscientiousness, neuroticism, extraversion,
and openness) with a partial ranking instruction to pick the item that describes the
participant the most and the item that describes the participant the least. In this
dissertation, all studies were conducted with questionnaires with triplets and full ranking

instructions.
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Figure 1

Examples of Blocks in the Forced-Choice Format

U]
| love big parties.
Most like me 3
I P e e | like to tidy up.
captivate people.
P peop Most like me
© | rarely worry.
| rarely worry. Rank 1
| love big parties.
| love big parties. Rank 2 Least like me
. A Rank 3
| am imaginative.

1.1.1 The Thurstonian Item Response Theory Model

Because items are ranked in comparison with each other in the MFC format, the
resulting data are relative. Therefore, modeling approaches such as multidimensional item
response theory (IRT) models were developed to obtain normative trait scores (for an
overview, see Brown, 2016). The model of choice in this dissertation is the Thurstonian
IRT model due to its flexibility in accommodating blocks of different sizes (e.g., Brown,
2016; Brown & Maydeu-Olivares, 2011), its frequent use (e.g., Frick, 2023; Guenole et
al., 2018; Lee et al., 2021; Wang et al., 2023; Watrin et al., 2019; Wetzel & Frick, 2020),
and its user-friendly implementation in statistical software such as Mplus (Muthen &
Muthen, 1998-2022).

In the following section, the coding of forced-choice responses and the item
characteristic function of the Thurstonian IRT model are described. The examples
provided are from a questionnaire measuring different traits, in blocks of Size 3 (i.e.,

triplets), a total of 60 items, and full ranking instructions. Because these characteristics
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are the standard in validated MFC instruments—such as the BFT (Wetzel et al., 2020) or
a questionnaire for assessing work-related maladaptive traits (G-60-FC; Guenole et al.,
2018)—all the MFC questionnaires in this dissertation had these characteristics.

To prepare the data for the analyses with the Thurstonian IRT model, the raw
responses are coded into binary outcomes of pairwise comparisons. In a triplet, three
pairwise comparisons are made: Item 1 with Item 2, Item 1 with Item 3, and Item 2 with
Item 3. When the first Item i in the pairwise comparison is preferred over the second
Item £, the binary outcome y; is coded as 1 (else 0). In a questionnaire with 60 items
allocated in 20 triplets, this results in 60 binary coded outcomes for each participant. The
binary coded outcomes can be analyzed with the Thurstonian IRT model.

The Thurstonian IRT model is a two-dimensional normal ogive IRT model for
binary data but with structured factor loadings and uniquenesses and local dependencies
conditional on the latent traits (Brown & Maydeu-Olivares, 2011). Due to the local
dependencies, limited information methods are used to estimate the model parameters.
Limited information methods are categorial item factor analysis methods estimated in
stages (e.g., Forero & Maydeu-Olivares, 2009). In the case of the Thurstonian IRT model,
these stages include (a) sample thresholds and tetrachoric correlations are estimated and
(b) based on these thresholds and correlations, model parameters are estimated, for
example, with diagonally weighted least squares methods (Brown & Maydeu-Olivares,
2011).

Based on the parameters originating from the Thurstonian IRT model, an item
characteristic function for each pairwise comparison y;; can be computed. The item
characteristic function expresses the probability of preferring Item i over Item k&
conditional on the traits measured by the items, n, and n;, (Brown & Maydeu-Olivares,

2011, p. 473):
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PO = o) = o st | 0

In Equation 1, the parameter y; ; is the threshold of the binary outcome y; ., A; and 4, are
the factor loadings, and 7 and 1} are the residual variances of the two items involved
in the pairwise comparison. ¢(x) represents the cumulative standard normal distribution

function evaluated at x.

1.1.2 Response Biases in the MFC Format

In psychological questionnaires, data quality can be negatively affected by
response biases, which are defined as systematic tendencies to respond to items in a
certain way regardless of the item itself (Paulhus, 1991). In RS questionnaires, a lot of
research has focused primarily on three response biases: response styles, socially
desirable responding, and careless responding. What is known about these response
biases in the MFC format?

Response styles, defined as individual tendencies in selecting the response
categories (e.g., Van Vaerenbergh & Thomas, 2013), are assumed to be unique to the RS
format (e.g., Wetzel et al., 2020). Faking, one form of socially desirable responding, was
one of the main reasons why the forced-choice format gained research interest in the first
place (e.g., Christiansen et al., 2005), as it is not possible to rank all socially desirable
items on the first rank in the MFC format. Thus, according to meta-analyses on faking in
the RS and forced-choice formats, responses to personality inventories in the forced-
choice format are less prone to faking (Birkeland et al., 2006; Cao & Drasgow, 2019).
Matching the items within MFC blocks in terms of their social desirability can further
reduce susceptibility to faking (e.g., Cao & Drasgow, 2019; Wetzel et al., 2021). The
third response bias, careless responding, can be distinguished from the previously

mentioned response biases, as the responses are assumed to be at least partly independent
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from the item content. There is no reason why careless responding should be more or less

likely to appear in the forced-choice format.

1.2 Careless Responding

To summarize, the MFC format shows significant strengths when it comes to
reducing response biases such as faking. But little is known about other response biases
in MFC questionnaires, such as careless responding. In the RS format, extensive research
has been conducted on careless responding, its impact on data quality, its prevalence
across various studies, and—most basically but importantly—how to detect it. However,
to our knowledge, little research has been conducted on careless responding in the MFC
format (e.g., Kupffer et al., 2024; Lee et al., 2024; Peng et al., 2024). Therefore, this
dissertation was designed to investigate careless responding in the MFC format and, in
particular, to develop suitable approaches for detecting careless responding in it. To
contextualize the objectives of the present dissertation, the following chapters summarize
findings on careless responding in the RS format. Thus, the next sections summarize (a)
the definition of careless responding, (b) findings on its effects on data quality, (c) its
prevalence, (d) its relationships with related variables, and (e) how careless responding is

detected in questionnaires in the RS format.

1.2.1 Definition of Careless Responding

There are several terms that describe careless response behavior in psychological
questionnaires: random responding (e.g., Beach, 1989), content nonresponsivity (e.g.,
Nichols et al., 1989), protocol validity (e.g., Johnson, 2005), insufficient effort
responding (e.g., Huang et al., 2012), inattentive responding (e.g., Maniaci & Rogge,
2014), aberrant responding (e.g., Conijn et al., 2015), and careless responding (e.g.,

Meade & Craig, 2012; Schmitt & Stuits, 1985). At first glance, it might appear that these
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are just many names for the same response behavior. Taking a closer look at the different
definitions in Table 1, there are also conceptual differences between the definitions. Some
researchers assume that participants’ careless responses are not related to the content of
the items (e.g., Beach, 1989; Nichols et al., 1989). In other definitions of careless
responding, the response behavior is described by assumptions about certain behaviors or
attitudes that are causing the response, such as carelessness or low motivation (e.g.,
Huang et al., 2012; Maniaci & Rogge, 2014; Schmitt & Stuits, 1985).

In some of the publications listed in Table 1, the authors make assumptions about
the factors that lead to careless response behavior or about how the response behavior
manifests. Some of the factors that are related to careless responding are content
misinterpretation, lack of motivation and effort, disabilities, linguistic incompetence, and
psychological problems (e.g., Conijn et al., 2015; Huang et al., 2012; Johnson, 2005;
Maniaci & Rogge, 2014; Nichols et al., 1989). The manifestations of this behavior include
random responses (e.g., Bagby et al., 1991; Beach, 1989; Clark et al., 2003; Credé, 2010;
LePagea et al., 2001); nonrandom patterns of responding to items, such as repeating a
response option multiple times in a row (also called straightlining) or repeating a pattern
of responses (e.g., DeSimone et al., 2018; Meade & Craig, 2012; Nichols et al., 1989;
Schonlau & Toepoel, 2015); responding too fast (e.g., Huang et al., 2012); and transitory
forms of these manifestations of careless responses (e.g., Clark et al., 2003; Maniaci &
Rogge, 2014). The last one means that not all participants who respond in a careless
manner to questionnaire items will do so on all items on the questionnaire. Maniaci and
Rogge (2014) argued that careless responding can also be a state. In contrast to this view,
Bowling et al. (2016) defined careless responding as “in part a reflection of respondent

personality” (p. 226).
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Table 1

Definitions of Careless Responding in the Literature

Name Definition/Description

“The careless respondent [...] is not responding randomly. He/she is
simply reading a few of the items in a measuring instrument, inferring
Careless responding what it is the items are asking of the respondent, and then responding in
like manner to the remainder of the items in the instrument”
(Schmitt & Stuits, 1985, p. 367).

Random responding “Tendency to answer without reading the question” (Beach, 1989, p. 101).

“Failure to respond to the content of test items”

Content nonresponsivity (Nichols et al., 1989, p. 240)

“Refers to whether an individual protocol is interpretable via the standard

Protocol validit . . .. .
Y algorithms for scoring and assigning meaning” (Johnson, 2005, p. 104).
“Response set in which the respondent answers a survey measure with low
Insufficient effort or little motivation to comply with survey instructions, correctly interpret
responding item content, and provide accurate responses”

(Huang et al., 2012, p. 100).

“Inattention when completing self-report measures”

Inattenti i
nattentive responding (Maniaci & Rogge, 2014, p. 62).

“Response inconsistency to personality and psychopathology self-report

Aberrant responding inventories” (Conijn et al., 2015, p. 513).

We prefer to describe participants’ behavior with the terms inattentive responding,
insufficient effort responding, and careless responding. All three contain assumptions
about the factors that lead to this response behavior and do not imply a specific
manifestation, such as responding randomly. As carelessness is a broad description,
because it can result from multiple influences, we will use careless responding to refer to
this participant behavior throughout this dissertation. We define careless responding as a
response behavior in psychological questionnaires where participants provide an answer
without considering part (or any) of the content of the items. Our definition is closest to
the definition of Nichols et al. (1989). But we want to emphasize that we do not assume
that careless responses are totally content-independent. The resulting responses can

manifest themselves in different forms and to different extents. Moreover, we define
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careless responding as a response behavior of human participants. It can thereby be
distinguished from nonhuman error sources, such as bot responses and automated form-

fillers (e.g., Dupuis et al., 2019; Kennedy et al., 2020).

1.2.2 Careless Responding and Its Impact on Data Quality

Answers that are given carelessly appear arbitrary and can compromise the quality
of the data (e.g., Credé, 2010; Goldammer et al., 2020; Huang et al., 2015; Schmitt &
Stuits, 1985). Many studies, both empirical and simulation-based, have investigated the
impact of careless responding on data quality in the RS format. These studies have
investigated how removing careless responses affects reliability, interitem correlations,
statistical power, effect sizes, and model fit (e.g., Briihlmann et al., 2020; Bulut & Bulut,
2022; Chmielewski & Kucker, 2020; DeSimone & Harms, 2018; Maniaci & Rogge,
2014).

In a sample of crowdworkers, Brithimann et al. (2020) conducted an experiment
and tested the differences between the groups before and after removing careless
participants. After removing the careless participants, the difference between the groups
increased from a medium to a large effect size (Brithlmann et al., 2020). Simulation
studies have indicated that removing careless participants can significantly affect
interitem correlations and the internal consistency of scales. The presence of only 5% of
random responders in a sample can potentially inflate or deflate observed correlations
(Credé, 2010). Research by DeSimone et al. (2018) indicated that straightlining behavior
tends to increase the magnitudes of both interitem correlations and Cronbach's alpha,
whereas random responding has the opposite effect, decreasing both interitem
correlations and Cronbach's alpha values. Empirical studies have provided further support
for these findings; for instance, in a four-wave Amazon Mechanical Turk (MTurk)

sample, removing careless respondents resulted in higher Cronbach's alpha values in two
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of the waves and changed how the personality traits conscientiousness and agreeableness
were correlated with depression in a more realistic direction (Chmielewski & Kucker,
2020). The magnitude of the impact of removing careless participants on interitem and
interscale correlations and Cronbach's alpha values depended on the measure used to flag
participants as careless in a study by DeSimone and Harms (2018).

Removing participants from the sample because they were flagged as careless
respondents can also impact the model fit (e.g., Bulut & Bulut, 2022; Voss, 2024). In an
empirical study of fourth-grade students from the PIRLS sample, the model fit improved
after careless respondents were removed from the sample (Bulut & Bulut, 2022). In a
systematic simulation study conducted by Voss (2024), 144 conditions were examined to
explore the impact of careless responding on model fit measures in Confirmatory Factor
Analysis (CFA) and IRT models. Various factors of influence were simulated, including
different sample sizes, the number of items, the proportion of careless responders in the
sample, intraindividual variations in careless responding, and different types of careless
responding (Voss, 2024). The effects of careless responding differed between IRT and
CFA models (Voss, 2024). In the IRT models, the prevalence and severity of careless
responding had moderate to large effects on the root mean square error of approximation
(RMSEA) and standardized root mean square residual (SRMSR) fit indices (Voss, 2024).
In the CFA models, the prevalence, severity, and type of careless responding showed
moderate to large impacts on the RMSEA and SRMSR (Voss, 2024). Additionally, Voss
(2024) investigated the extent of bias introduced by careless responding, defined as the
discrepancy between the fit of models with thoughtful responses and those with careless
responses. The results indicated that careless responding generally introduced bias across
most conditions, though in some cases, it had the opposite effect (Voss, 2024).

Taken together, these results show that removing participants from the sample

impacts the results of the analyses in multiple ways, including interitem correlations and
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estimates of internal consistency, effect sizes, and model fit. The studies also suggest that
the magnitude of the impact on the results depends on the kind of careless response
behavior (e.g., straightlining or random responding), the method used to flag the

participants, and the proportion of the sample that engages in careless responding.

1.2.3 Prevalence of Careless Responding

As the results above indicate, it is not only the type of careless responding that has
an impact but also the proportion of the sample that responds carelessly. In this section,
some findings on the proportion of careless respondents in different studies investigating
careless responding in RS questionnaires are summarized. Three main approaches are
used to estimate the proportion of careless respondents in a sample: (a) applying a cutoff
value to an index, (b) using a multiple hurdle approach where cutoff values are applied to
multiple indices so that each index has to pass a hurdle (e.g., Curran, 2016), and
(c) conducting Latent Class Analysis, Latent Profile Analysis, or Factor Mixture Models
based on multiple indices.

Goldammer et al. (2020, Study 2) used the multiple hurdle approach with four
careless responding indices and flagged 33% of a Swiss Armed Force sample
(predominantly male) as careless. In a crowdsourced sample, Brithimann et al. (2020)
used several measures to flag careless respondents. In this sample, 24% were flagged for
responding incorrectly to an instructed response item, 6% were flagged as careless
because they used the same response option on more than 22 consecutive items, and 46%
were assigned to a latent profile that the authors interpreted as careless respondents
(Brithlmann et al., 2020). Kim and Oh (2022) recruited participants in three ways: an
online sample from MTurk, a sample recruited face-to-face by the first author, and a
sample invited by email. In all the samples, a Factor Mixture model with two classes was

applied. In the MTurk sample, 57% of participants were assigned to the careless class,
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compared with 12% in the face-to-face sample and 14% in the email sample (Kim & Oh,

2022).

1.2.4 Relationships With Survey Characteristics and Person Variables

The results of the studies reported in Sections 1.2.2 and 1.2.3 show that several
factors influence careless responding. There are differences in the data quality of samples
recruited on online platforms or personally (e.g., Douglas et al., 2023; Kim & Oh, 2022),
and differences exist between online platforms as well (Douglas et al., 2023; Zhang &
Gearhart, 2020). In an investigation by Douglas et al. (2023), samples recruited on
CloudResearch and Prolific provided higher data quality than those recruited on MTurk,
on Qualtrics, and from the student pool at a university. The quality of the data from the
Dyanata platform was even worse than MTurk in a study by Zhang and Gearhart (2020).

In the literature on careless responding in questionnaires using rating scales,
careless responding was found to be related to survey characteristics, such as the length
of the survey, and the compensation. The length of the questionnaire impacts participation
rates such that shorter questionnaires have higher participation rates (e.g., Galesic &
Bosnjak, 2009) and careless responding increases toward the later parts of longer surveys
(e.g., Bowling et al., 2021; Galesic & Bosnjak, 2009). Litman et al. (2015) manipulated
the rate of compensation in two samples on MTurk. Whereas higher compensation did
not increase the data quality in the US-based sample, paying India-based participants
above their minimum wage increased data quality (Litman et al., 2015).

In addition to the characteristics of the questionnaire, person variables have been
found to be related to careless responding, such as personality traits (e.g., Bowling et al.,
2016; McKay et al.,, 2018; Robinson & Boies, 2021; Ward et al., 2017), implicit

aggression (e.g., DeSimone et al., 2020), motivation (e.g., Maniaci & Rogge, 2014;
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Robinson & Boies, 2021), education level (e.g., Bowling et al., 2016; Grau et al., 2019;

Maniaci & Rogge, 2014), and cognitive ability (e.g., Huang & DeSimone, 2020).

1.2.5 Approaches for Detecting Careless Responding

Due to the negative impact of careless responding on data quality, the fact that it
is very likely that every sample has a certain proportion of careless responders, and the
relationships between careless responding and substantive variables, it is important to
detect careless responding. In RS questionnaires, different approaches exist to detect
careless responses. Some researchers differentiate between two types of methods: items
or scales specifically inserted into the questionnaire to detect careless responding and
unobtrusive indices that are computed post hoc (e.g., Goldammer et al., 2024; Meade &

Craig, 2012). These two types of methods are summarized in the subsequent sections.

1.2.5.1 Scales and Items

To detect careless respondents, researchers can include items or scales in their
surveys. Inconsistent responding scales are scales that are explicitly designed to detect
inconsistent responses on strongly correlated items in questionnaires. Such scales were
developed for personality questionnaires such as the HEXACO (Concannon et al., 2023;
Lambros et al., 2023) and the NEO-PI-R (Schinka et al., 1997). Another approach is to
add items to the questionnaire of interest instructing participants how to respond to these
items: “For this query, mark X [insert X] and move on” (Abbey & Meloy, 2017, p. 66)
and bogus items with an “obvious” correct response, for example, “All my friends are
aliens” (Meade & Craig, 2012, p. 441). Researchers can also directly ask participants to
rate the amount of attention and effort they put into the study. These types of questions
are placed at the end of the questionnaire and ask participants to rate their own attention,
the effort they put into the study, or whether they would recommend that the researcher

use their data for analyses (e.g., Meade & Craig, 2012).
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1.2.5.2 Post hoc Indices

Measures that can be computed after the data have been collected make use of
participants’ response time, response pattern, and consistency. The survey completion
time can be used to detect careless responding. The underlying assumption is that very
short response times are the result of a lack of attention and/or an insufficient amount of
cognitive processing (e.g., Huang et al., 2012). Survey completion times vary from survey
to survey due to characteristics such as the response format and the number and length of
the items, but they also depend on the sample. Inadequately fast responses are usually
assessed relative to the sample that completed the same questionnaire (e.g., Meade &
Craig, 2012) and sometimes by a time threshold for the questionnaire determined by the
researchers (e.g., Kim & Oh, 2022).

An alternative to using raw survey completion time is to code the response times
per survey page and calculate a response time index (e.g., Wise & Kong, 2005). The index
ranges from 0 to 1 and is calculated by coding the time each participant takes per survey
page, identifying responses that are too fast, and calculating the mean of these times.
Higher scores on this index indicate faster and thus a greater extent of careless responding.
For RS items, a cutoff value of 2 s per item was proposed (e.g., Huang et al., 2012).

Careless responses can lead to not only fast response times but also monotonous
response patterns. In RS questionnaires, these responses can be detected by counting the
number of times a participant chose the same response category (longString; e.g.,
Johnson, 2005) in a row. Typically, the longest sequence of these values for each
participant is used as an index (longStringMax) and the average of all longString values
is used as another index (longStringAvg). Another way to capture the variability in the
responses is by computing the variance of the responses. An example of an index that
captures the variance of the responses is the intraindividual response variability (Dunn et

al., 2018).
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The third group of post hoc indices for investigating participants’ responses
concerns the consistency of the responses. The proposed consistency indices evaluate a
participant’s response in relation to the responses of other respondents (e.g., Mahalanobis
distance, Person-fit statistics), in relation to appropriate IRT models (e.g., Person-fit
statistics), or in relation to their own responses (e.g., even-odd consistency, psychometric
antonyms, or response consistency). Mahalanobis distance (Mahalanobis, 1936)
quantifies the distance between an individual's response and the centroid of the sample
while taking into account the correlations between the responses (e.g., Pituch & Stevens,
2015). Larger deviations between the responses and the sample mean are interpreted as
an indication of increased carelessness in the responses. Person-fit statistics evaluate the
(mis-)fit of a participant’s response pattern in relation to another response pattern in the
sample or to an IRT model (for a detailed overview, see Meijer & Sijtsma, 2001). On
these indices, misfit is an indication of careless responding. To evaluate participants’
responses in relation to their own responses, several methods have been proposed. The
response consistency (Wood et al.,, 2017) is the participants’ retest correlation of
responses to a questionnaire that was administered twice within the same survey. Lower
retest correlations indicate higher levels of carelessness. The individual reliability index
as proposed by Jackson (1976, as cited in Johnson, 2005) is computed by dividing a
questionnaire into two subscales (the even numbers build one half and the odd numbers
the other half). The two halves are then correlated, and this correlation is corrected for
test length with the Spearman-Brown formula (Johnson, 2005). This index is also called
even-odd consistency (e.g., Meade & Craig, 2012). Higher correlations indicate
consistent and thus thoughtful responses. The psychometric antonyms (Goldberg, as cited
in Johnson, 2005) are determined by correlating the responses on all items in a
questionnaire with each other and identifying the pairs of items with the strongest

negative correlations. Responding thoughtfully to a questionnaire should result in
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responses on psychometric antonym pairs in the opposite direction, and thus, negative
correlations (Johnson, 2005). In addition, Meade and Craig (2012) suggested that
psychometric synonyms should be constructed by identifying pairs that are strongly

positively correlated with each other.

In the present dissertation, we also used the two approaches to detect careless
responding: We created items blocks designed for detecting careless responding in MFC
questionnaires and indices that were computed post hoc. More specifically, we used the
self-report items on data quality developed by Meade and Craig (2012) and assessed them
at the end of three studies. Moreover, we created instructed response triplets and
administered them along with the questionnaires in the three studies. As post hoc indices,
we developed different kinds of indices that made use of participants’ response times,
response patterns, response variances, and the consistency of their responses. The
objective of the present studies is to develop indices for detecting careless responding in
MFC questionnaires and validate them. The aim of the dissertation is described in detail

in the next chapter.
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2 Aim of the Dissertation

There are many open questions about careless responding in questionnaires in
the MFC format. To begin, it is unclear how to detect careless responding in MFC
questionnaires, what different forms and manifestations of careless responding in MFC
questionnaires exist, what proportion of the sample responds carelessly in MFC
questionnaires, and how to distinguish between thoughtful and careless responses in the
MFC format. The final aspect concerns whether careless responding is being measured
as intended with the indices and thus concerns the validity of the indices.

The present dissertation is a thorough investigation of careless responding in the
MFC format. The first and overarching goal is to develop indices that are suitable for
differentiating between thoughtful and careless responses in MFC questionnaires. As a
first step, this process includes creating indices that can detect patterns that are assumed
to be manifestations of careless response behavior and then testing the performance of
these indices in appropriate empirical samples. The second goal is to validate the indices
that were developed. This validation includes investigating different manifestations and
expressions of careless responding on the basis of the indices in different samples and
under different conditions that are assumed to be related to careless response behaviors.
Moreover, this goal involves comparing the indices in the MFC format with existing
indices in the RS format and with criteria that are assumed to be related to careless
responding. Thus, the objectives of the dissertation are (a) to develop indices to detect
careless responding in MFC questionnaires, (b) to evaluate the newly developed indices
and investigate different manifestations of careless responding in MFC questionnaires,
and (c) to investigate the validity of the careless responding indices in the MFC format.

To achieve the aforementioned goals, three studies were conducted. Study 1 was

aimed at developing indices to detect careless responding in MFC questionnaires and to
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examine their performance and intercorrelations. A number of indices used for rating
scales were adapted to the MFC format, and several new indices that are unique to the
MFC format were developed. A conceptual simulation and an empirical study were
conducted to test the performance and intercorrelations of the developed indices. A total
of N = 1,169 participants completed a fairly lengthy survey. The survey consisted of
several questionnaires in the MFC format. We applied the newly developed indices to
this data set and conducted several analyses to explore their performance and to gain first
insights into careless responding on MFC questionnaires. This study is already published
and is described in Chapter 3.

Study 2 was aimed at testing the developed indices under conditions that are
assumed to be related to careless response behaviors and to explore strategies for
responding to MFC questionnaires when feeling tired, listless, or unsure about how to
rank items. To this end, a laboratory study was conducted in which N = 430 participants
were randomly assigned to one of three research conditions: a control condition, a
condition in which participants were instructed to respond as if they were careless, and a
condition in which we attempted to induce careless responding by distracting the
participants. All participants completed a lengthy survey in the MFC format and were
asked several questions in an oral interview. Study 2 is presented in Chapter 4.

Study 3 was aimed at examining the convergent, discriminant, and criterion-
related validity of the newly developed indices for the MFC format. An online empirical
study was conducted with three subsamples and a total of N = 2,163 participants. In this
study, n = 1,513 participants completed a self-report survey with several personality
questionnaires in the RS and MFC formats, measures of motivation to participate, and an
intelligence measure. In addition, we assessed n = 650 participants who were friends or

partners of someone in the self-report sample. This sample filled out an other-report
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questionnaire in the RS format with questions about the personality of their partner/friend.

This study is described in Chapter 5.

Table 2 provides an overview of the three studies of this dissertation. Additionally,

the table includes links to the preregistrations, as well as access to the study materials

hosted on the Open Science Framework (OSF) and GitHub.

Table 2

Overview of the Three Studies Included in This Dissertation
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3  Study 1: Detecting Careless Responding in
Questionnaires in the MFC Format

This study is published in Educational and Psychological Measurement and is

available at https://doi.org/10.1177/00131644231222420. This chapter contains the

accepted version of the manuscript. This is not the copy of record and might not exactly

replicate the final, authoritative version of the article.

3.1 Introduction

When using self-reports to infer respondents’ trait levels, one concern researchers
and practitioners alike have is that some participants might not have responded accurately
and carefully to some (or even most) items, i.e., data quality might be affected by careless
responding. Alternative response formats to the ubiquitous rating scales, such as the
multidimensional forced-choice (MFC) format, which requires participants to rank
multiple items rather than rate individual items, have been successful in reducing other
response biases such as faking. However, it is currently unclear how to detect careless
responding in this format. The aim of this study was therefore to develop indices to detect
careless responding in the MFC format. In doing so, we took existing indices for rating
scales and adapted them to the MFC format and developed new indices which are unique
to the MFC format. Our first aim was to examine the performance of and correlations
among these indices in the MFC format (Research Question 1). Furthermore, we were
interested in whether different types of careless respondents in MFC questionnaires exist
(i.e., different classes in a latent profile analysis; Research Question 2) as well as in the
proportion of the sample that responded carelessly on the developed indices (Research
Question 3) and over the course of the study (Research Question 4). Moreover, we

conducted a simulation study for a conceptual proof of the developed indices.
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In the following, we will give some background on the forced-choice format and
briefly present it as an alternative to rating scales in personality questionnaires. Then, we
will introduce careless responding as a response bias and present methods to detect
careless responding in rating scale data. Next, indices that can be used to detect careless
responding in MFC questionnaires are described. Finally, our research questions and

hypotheses are derived.

3.1.1 The Multidimensional Forced-Choice Format

In the forced-choice format, two or more items are presented together in blocks.
Participants are then instructed to select the items that describe them most and/or least
(partial ranking) or to rank all items according to how well they describe them (full
ranking). The items within a block can measure the same trait or different traits. The latter

is known as the multidimensional forced-choice format (see for an example).

Figure 2

An Example Triplet in the Multidimensional Forced-Choice Format

Please rank the statements according to how well they describe you from most like you (1) to least like you (3).

I rarely worry.

I love big parties.

| am imaginative.

Note. This triplet stems from the Big Five Triplets (BFT; Wetzel & Frick, 2020). The first item
is a negatively worded item measuring neuroticism, the second measures extraversion, and the
third openness.
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Variations in block size and different ranking instructions are described in Wetzel et al.
(2020), for example. In our study, blocks were multidimensional and we instructed
participants to rank the three items according to how well the items described them in
their typical behavior (i.e., full ranking of three items representing different traits).
Given the circumstance that items are presented together in blocks, the resulting
rankings are relative. Therefore, applying classical scoring techniques results in ipsative
trait estimates that only allow for intraindividual comparisons (e.g., Hicks, 1970). As
interindividual comparisons are essential in many assessment settings, the use of the MFC
format was limited in the beginning. This limitation was overcome in the past decade with
the development of multidimensional item response theory models that enable obtaining
normative trait estimates and therefore allow drawing interindividual comparisons (see
Brown, 2016, for an overview of these models). One of these models is the Thurstonian
item response theory model (Brown & Maydeu-Olivares, 2011). This model was applied
in the current study because it is suitable for modeling multidimensional item responses
to blocks of three (or more) items. In addition, it is broadly applicable (e.g., to a variety
of latent variable structures or other variants of the forced-choice format) and it can be
estimated in available software, like Mplus (Muthen & Muthen, 2012-2022). This
versatility is transparent by its predominant use in the last few years (e.g., Frick, 2021;
Guenole et al., 2016; Lee et al., 2021; Walton et al., 2020; Watrin et al., 2019; Wetzel &
Frick, 2020). When describing the indices in detail below, we will briefly delineate some
of the model properties that are relevant for understanding the indices and refer the reader

to Brown and Maydeu-Olivares (2011; 2018) for a deeper understanding of the model.

3.1.2 Careless Responding

In most self-report questionnaires assessing personality traits, participants are

instructed to indicate an intensity. For example, they might be asked to what extent they
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agree or disagree with a given item (e.g., “I am often late”) or how often they engaged in
a specific behavior in a given time period. Answers are conventionally measured on a
rating scale with different response options (e.g., from “I strongly agree” to “I strongly
disagree”, or from “never” to “always”). This format is also known as a single-stimulus
format because participants respond to one item at a time.

In the rating scale format, a number of response biases can occur (Paulhus, 1991).
These include, for example, response styles such as a preference for extreme or non-
extreme categories, socially desirable responding (i.e., faking and self-deception), and
careless responding. Careless responding is characterized by selecting response options
without considering the (full) item content (e.g., Nichols et al., 1989). As the expression
“careless” suggests, it is a listless, unmotivated, or uninterested participant behavior that
manifests itself in responses that seem to be arbitrary or indiscriminate. Other terms for
the same response behavior include inattentive (e.g., Maniaci & Rogge, 2014), random
(e.g., Credé, 2010), or insufficient effort (e.g., Huang et al., 2012) responding. Notably,
we define careless responding as a participant behavior which therefore is distinguishable
from computer-generated (i.e., survey bot or automated) responses. The detection of such
responses is described elsewhere (e.g., Dupuis et al., 2019; Teitcher et al., 2015).

Like all response biases, careless responses add noise to the data. Therefore, not
removing careless respondents from the sample can potentially lead to erroneous
conclusions. Various studies have investigated how different proportions of careless
respondents in a sample can impact the results when using rating scale questionnaires.
These studies suggest that not removing careless respondents can inflate or deflate the
correlations between items (Credé, 2010; Huang et al., 2015), distort the factor structure
(Goldammer et al., 2020; Schmitt & Stuits, 1985), reduce statistical power (Maniaci &
Rogge, 2014), or even change the results of statistical tests (DeSimone & Harms, 2018).

Nevertheless, researchers should be cautious about flagging participants if the construct
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of interest is associated with careless responding (e.g., Rios et al., 2017). The base rate of
careless responding differs considerably between samples, applied methods to detect
careless responding, and other determinants. Using factor mixture modeling to detect
careless respondents in personality questionnaires, Arias et al. (2020) flagged between 4—
10% in their online samples and Meade and Craig (2012) flagged between 10—12% in a
sample of undergraduate students. In a group assessment of leadership rankings in a
military training, 33% of the recruits were identified as careless respondents relying on
four careless responding indices (Goldammer et al. 2020). Another characteristic of
careless responding is that it increases over the course of the study (e.g., Clark et al., 2003;
Galesic & Bosnjak, 2009; Gibson & Bowling, 2020).

Researchers have developed various methods to detect careless responding in
rating scale data. Meade and Craig (2012) differentiated two types of methods. The first
type comprises special items or scales to detect careless responding. These should be
assessed together with the questionnaires of interest. They include, for example, items
asking the participants to report the quality of their data such as, “Did you expend effort
and attention sufficient to warrant using your responses for this research study?” or items
with instructions on which response category should be chosen, such as “For this query,
mark X [insert X] and move on.” (Abbey & Meloy, 2017, p. 66). The second type consists
of indices that can be computed after data collection is complete. These include analyses
of the response time (e.g., extremely fast responses), the inconsistency of the responses
(e.g., responding differently to similar items), response patterns (e.g., choosing the same
response option multiple times consecutively), and on outliers (e.g., responses that
deviate strongly from the average responses of the sample). Curran (2016) and DeSimone
et al. (2015) summarized the existing methods and indices for detecting careless

responding in questionnaires using rating scales.
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3.1.3 Careless Responding in the Multidimensional Forced-Choice Format

Within a given MFC block, it is only possible to place one item on each rank (see
Figure 1). Hence, the nature of the forced-choice format prevents the occurrence of the
aforementioned response styles. One of the main reasons why the forced-choice format
gained research interest was to prevent or mitigate faking as one form of socially desirable
responding (e.g., Christiansen et al., 2005). Meta-analytic results from the rating scale
and forced-choice format indicate that responses to personality inventories are less
susceptible to faking in the forced-choice format (Birkeland et al., 2006; Cao & Drasgow,
2019; Viswesvaran & Ones, 1999). They are even less susceptible to faking when the
items within blocks are matched in terms of their social desirability (Wetzel et al., 2021).

Unlike the other aforementioned response biases, careless responding cannot be
prevented by the design and characteristics of the MFC format. Whether the occurrence
of careless responding can be reduced by using the MFC format rather than rating scales
is an open research question. To our knowledge, careless responding has not been
investigated in MFC questionnaires. As the design of the forced-choice format differs
substantially from rating scales, some of the methods used to identify careless responding
in rating scale data cannot be applied and others need to be adapted. Hence, little is known
about how to identify careless responding and how often it occurs in questionnaires using

the forced-choice format.

Indices for Detecting Careless Responding in MFC Questionnaires
In this study, we focus on the development of indices* to detect careless
responding in MFC questionnaires. Indices to detect careless responding in the MFC

format can be grouped into two types, following Meade and Craig (2012). First, we

4 Currently, model-based approaches to detect careless responding in rating scale data at the item level are
being developed (e.g., Ulitzsch et al., 2021). Even though there are already first implementations for the
forced-choice format (e.g., Peng et al., 2023), we focus on the development of indices that come with the
major advantage that they are easy to use for practitioners.
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implemented special items such as instructed response triplets and self-report items on
data quality together with the questionnaires in the online study. Second, we adapted and
developed post-hoc methods such as analyses of response time, consistency of the
responses (i.e., consistency score), response patterns (i.e., rank order indices and triplet
variance), and outliers (i.e., Mahalanobis distance). These indices will now be described
in detail (see Table 1 in the supplemental materials for an overview). All of the indices
were preregistered together with our research questions, hypotheses, and a detailed

analysis plan (https://osf.io/sfwnp/). The response time index and missing values index

were not part of the preregistration and are therefore marked with an asterisk.
Response Time

For each participant, the completion time for each page of the survey was
measured. In addition to this response time measure, we developed a response time index
(RTT*) combining two approaches from the literature: First, some studies that included
the response time to screen for careless responding decided to treat breaks or study
interruptions as missing values (e.g., Meade & Craig, 2012). Second, other studies
focused more on detecting extremely fast responses because some participants respond
so quickly that it seems unlikely that they have really read and considered the item content
(Wise & Kong, 2005). Hence, these researchers used a lower cutoff (e.g., two seconds
per item) to screen for careless respondents (e.g., Bowling et al., 2016; DeSimone &
Harms, 2018; Huang et al., 2012). To combine these two approaches, we extended the
response time effort index developed by Wise and Kong (2005) to include an upper
threshold for delayed responses (Sypper), yielding the RTI for the MFC format.
Furthermore, we investigated in a small sample (N = 10) how much time is needed to
respond to a triplet in the MFC format with and without reading the items (see Appendix
A in the supplemental materials). The results revealed that six seconds per triplet page

was an adequate lower threshold (S;,y¢r). To calculate the RTI, first, the response time
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RT,, of each participant p on every triplet page ¢ of the questionnaire is recoded into a
categorical variable Cp;:

NA if RTy = Supper

Cot =41  if RTpr < Siower - (2)
0 otherwise

Second, the RTI for each participant is determined as:

2laic
RTI, = ==, €)

where k is the number of values of C,,; without those coded as missing (NA) and T'is the
number of triplets in the questionnaire. As can be seen in Equation 3, a participant’s RT1,,

is the average of Cp,, with missing values removed.

Self-Report Items (Meade & Craig, 2012)
At the end of the online survey, participants were asked to evaluate 1) the effort

they put into the study: “I put forth ... effort towards this study” (response options:

9 ¢ 9 ¢e b Y

“almost no”, “very little”, “some”, “quite a bit”, and “a lot of”), 2) the attention they paid

2 ¢e

to the study: “I gave this study ... attention” (response options: “almost no”, “very little

of my”, “some of my”, “most of my”, and “my full”’), and 3) whether their data should be
used in the analyses (use me): “In your honest opinion, should we use your data in our

analyses in this study?” (response options: “yes”, “no”). All three items and instruction

sets originated from Meade and Craig (2012, pp. 441).
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Instructed Response Triplets
In two questionnaires of the online study, an instructed response triplet appeared
at a random position. The items making up these triplets contain instructions in which

order to place the statements (see Figure 3 for an example).

Figure 3

An Example for an Instructed Response Triplet

Please rank the statements according to how well they describe you from most like you (1) to least like you (3).

Place this statement at the second rank.

Please place this statement at rank
three.

Drag this statement to the top rank.

Consistency Score (Brown & Bartram, 2011)

In the Thurstonian item response theory model, it is assumed that participants’
ranking preferences can be described by their trait levels and item parameters. A
consistency score can be calculated to examine whether participants responded
consistently with this model (Brown & Maydeu-Olivares, 2011). To better explain the
consistency score, we will briefly mention some features of the Thurstonian item response
theory model. For a deeper understanding of the model, we refer the reader to Brown and
Maydeu-Olivares (2011; 2018). Before analyzing the data from forced-choice
questionnaires, the responses are coded into binary outcomes of pairwise comparisons. In

the case of triplets, three pairwise comparisons are made: Item 1 with Item 2, Item 1 with
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Item 3, and Item 2 with Item 3. When the first item i in the pairwise comparison is
preferred over the second item k, the binary outcome y;, is coded as 1 (else 0).
Subsequently, the binary coded outcomes can be analyzed using the Thurstonian item
response theory model. Based on the parameters originating from this model, an item
characteristic function for each pairwise comparison y;; can be computed. The item
characteristic function expresses the probability of preferring item i over item k

conditional on the traits measured by the items, n, and 1, (Brown & Maydeu-Olivares,

2011, p. 473):
-Yi +/1i a—l
P(yix = 1namp) = ¢ % . (4)
itV

However, note that response probabilities for pairwise comparisons involving the same
items are locally dependent given the latent traits. To account for this, in the Thurstonian
item response theory model the item parameters involving the same items are constrained
to the same absolute value and the item parameters and trait covariances are estimated via
limited information methods. The local dependencies are neglected in the estimation of
the person parameters; however, this has a negligible impact on the estimates' precision
according to a simulation study conducted by Maydeu-Olivares and Brown (2010).

In Equation 4, the parameter y; is the threshold of the binary outcome y;,,
A; and A, are the factor loadings, and ¥? and 17 the residual variances of the two items
involved in the pairwise comparison. ¢(x) represents the cumulative standard normal
distribution function evaluated at x. When a participant’s responses are in line with his/her
expected responses based on the trait levels, the resulting probabilities are high. In
contrast, they are lower when the observed responses are not in line with the expected
ones. The consistency score expresses the proportion of binary outcomes with a

probability higher than chance level (probability > .5) of being preferred. The higher a
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participant’s consistency score, the more consistent his/her response behavior is with

his/her latent trait levels. Thus, lower values could indicate careless responding.

Mahalanobis Distance

A commonly used method to detect outliers, for example on predictors in
regression analysis, is Mahalanobis distance (Mahalanobis, 1936). Mahalanobis distance
is the multivariate generalization of the Euclidian distance between two points. It can be
used to detect values that deviate more from the centroid of all participants in the sample
than the other participants’ values do (e.g., Pituch & Stevens, 2015). Thus, Mahalanobis
distance expresses the distance between a person’s response and the sample mean,
accounting for correlations between responses. In the case of an MFC questionnaire, the
vector D? with an entry for each participant is calculated using the equation:
D*= —y)-COV™t-(Y =) (5)
Y is a matrix with the binary-coded outcomes for all participants and all pairwise
comparisons in the questionnaire. y is a vector of thresholds of the binary outcomes and
COV~! the inverse of the covariance matrix of the binary outcome variables. As the
computation of D? requires complete data (i.e., no missing values), we used multiple
imputation on the binary outcome variables before calculation to avoid too many missing
values in the results (for details on the computation, we refer the reader to the R-script

“4 calc_indices.R”, ExploratoryAnalysesCRinMFC).

Rank Order’ Indices
In the rating scale format, LongString indices are used to identify respondents who
repeatedly choose the same response category (Johnson, 2005; Meade & Craig, 2012).

We adapted the logic of LongString indices to the MFC format to generate longOrder

3 In the preregistration (https:/osf.io/sfwnp/), we used the term combi (i.e., combination) to refer to
the group of indices that focus on the rank order. We decided to rename these indices order (i.e., rank
order) because this denomination is more concise.
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indices. In an item block of size K in the MFC format, there are K! possible rank orders.
In the case of triplets (K = 3), there are six possible rank orders: 1-2-3, 1-3-2, 2—-1-3, 2—
3—1, 3—1-2 or 3—2—1. For each participant, it is counted how often in a row the same rank
order is chosen (longOrder). Based on this, we calculated two indices: the maximum of
the six longOrder values (longOrderMax) and the average of all six longOrder values
(longOrderAvg). In addition, the proportion of triplets for which a person simply copied

the presented order (sameOrder) was calculated.

Triplet Variance

This index expresses the variance of a person’s ranking patterns across all triplets
in a questionnaire or the whole survey. The variance is high when participants use all rank
orders equally often and low(er) when some rank orders are preferred over others. For a
nominal variable with K! levels, the dispersion H can be calculated as (Eid et al., 2017,
p.133):

— . 3K by - In(hy). (6)

=y 4=t

In the MFC format, K! equals the number of possible rank orders and h; is the proportion

of rank order k.

Missing Values Index*
This index expresses the ratio of missing values (NA) on item ranks to the total
number of item ranks in the questionnaire or survey. This index was not part of the

preregistration and therefore the analyses regarding this index are exploratory.
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The Present Study

Our aim was to examine the performance of and correlations among the indices
we developed to detect careless responding in the MFC format. Furthermore, we were
interested in the types of careless respondents in MFC questionnaires as well as in the
proportion of the sample that responded carelessly. We preregistered four exploratory

research questions and three hypotheses (https://osf.io/sfwnp/) that are described in the

following. In addition, we conducted a simulation study in which we modeled careless
responding in MFC questionnaires to provide a conceptional proof of the developed
indices for detecting careless responding in MFC questionnaires. The simulation study
was suggested by reviewers and was therefore not included in the preregistration. The
design and rationale of the simulation are described in the Method section.
Research Questions and Hypotheses

For rating scales, Meade and Craig (2012) found that three factors underly the
indices: consistency, self-report, and LongString. As the nature of MFC data differs
substantially from rating scale data, we sought to investigate how the indices to detect
careless responding in the MFC format relate to each other. Thus, our first research

question was:

RQ1: How do the indices to detect careless responding in MFC questionnaires
correlate with each other and what is their factor structure?

Some of the indices including the self-report items and the consistency or rank
order indices have also been used to detect careless responding in rating scale data (e.g.,
Meade & Craig, 2012). For these indices, based on Meade and Craig’s findings, we
posited the following three hypotheses:
H1: The correlations of the self-report items (attention, effort, and use me) with the other
indices will be positive and of small to moderate size.

H2: The self-report items will show moderate positive correlations among each other.


https://osf.io/sfwnp/
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H3: The correlations between the consistency score and the indices longOrderAvg and
longOrderMax will be positive but small.

Beside investigating the intercorrelations among the indices to detect careless
responding, we were also interested in whether different subgroups of respondents exist.
Studies on detecting careless responding in rating scale data have often found three
subgroups/classes of respondents (e.g., Kam & Meyer, 2015; Maniaci & Rogge, 2014;
Meade & Craig, 2012). One class containing the thoughtful participants, a careless class
containing participants who choose one response option repeatedly in a row, and another
careless class containing participants with inconsistent response patterns. The sizes of the
different classes varied in these studies. To extend this knowledge with regard to MFC
data, we asked:

RQ2: Do different subgroups of careless respondents exist?

As described above, the proportion of the sample that responds carelessly in
studies based on rating scales varies across studies, indices, and cutoff values. Identifying
careless respondents by performing latent class or latent profile analysis is only one
approach commonly used in the literature. A more widely used approach is the multiple
hurdle approach (e.g., Goldammer et al., 2020). In this index-based approach, a set of
careless responding indices is computed and cutoffs (hurdles) are applied to each of them
to identify careless respondents. To investigate what proportion of the sample responds
carelessly according to the different indices in the MFC format with different cutoff
values, we asked:

RQ3: What proportion of the sample responds carelessly?

Some researchers (e.g., Bowling et al., 2020; Clark et al., 2003; Galesic &
Bosnjak, 2009) expect careless responding to occur more frequently near the end of a
questionnaire due to tiredness or listlessness among participants. For example, Galesic

and Bosnjak (2009) found that participants responded faster at the end of the study and
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that the variance in the responses decreased. Therefore, in our study, we compared the
proportion of careless respondents identified by the six indices in the first and last
questionnaires of the online survey, and thus asked:

RQ4: Does careless responding appear more frequently in questionnaires which
are placed near the end of the study (compared to questionnaires at the beginning)?
Exploratory Analyses on the Criterion Validity and Reliability Estimates

Besides these research questions and hypotheses, we also preregistered
exploratory analyses to investigate the impact of removing careless respondents from the
sample in the MFC format. As described above, for rating scales, various studies have
investigated how different proportions of careless respondents can impact the size and
direction of observed correlations (see, for example, Cred¢, 2010). To examine the
criterion validity in our sample, we computed several correlations with and without the
respondents identified as careless in our analyses and compared these results with
correlations reported in the literature. We focused on the relationships between the Big
Five personality traits and narcissism with age and gender. Our tentative expectation was
that the correlations without careless respondents would be more in line with those
reported in the literature and stronger than those with careless respondents. A second
exploratory analysis concerned the reliability of trait estimates on the scales, as some
researchers (e.g., DeSimone et al., 2018) argued that careless responding leads to
decreased reliability estimates. Hence, we compared the empirical reliability of trait
estimates on the scales based on the whole sample to that in the sample without the

careless respondents.
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3.2 Method

In the following, we report how we determined our sample size, all data
exclusions, and all measures in the study. In addition, we report which software we used
for the analyses and a detailed analysis plan that we also preregistered. Moreover, we
describe the design of the simulation study that we conducted to gain first insights into

the kind of careless responding patterns that are detected by different kinds of indices.

3.2.1 Sample

Data were collected online on Prolific Academic (https:/www.prolific.co) on

September 21, 2017 and October 5, 2017. Participants signed up for the study, gave
informed consent, and filled out the questionnaire online on Soscisurvey. On September
21, 2017, participants were remunerated with 1.75 British pounds, though participants
who took longer than 20 minutes to complete the questionnaire received bonus payments
of between 0.40 and 2 British pounds depending on their response time in order to comply
with the payment principles of Prolific Academic with respect to minimum wage. These
participants did not know beforehand that they would receive bonus payments if they took
longer. On October 5, 2017, all participants were remunerated with 2.35 British pounds.

The computation of some of the careless responding indices is based on
parameters from the Thurstonian item response theory model. Therefore, the sample size
was determined based on simulation studies regarding the recovery of the model
parameters (e.g., Maydeu-Olivares & Brown, 2010). We planned conservatively
(N> 1,000) because only one of the six questionnaires was originally an MFC instrument.
This sample size was also sufficiently large for the planned statistical analyses (e.g.,
correlations, latent profile analysis, and McNemar’s y?tests).

After the removal of cases without a valid Prolific Academic ID (who were

therefore not remunerated for their participation), cases who began the questionnaire
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multiple times, and cases who sent strange emails to the study organizer, the sample
consisted of N = 1,169 persons. This sample size deviates from the preregistered size of
N=1,211 because the preregistered sample included some participants who were not
remunerated for their participation. The mean age of the final sample was 36.27 years
(SD=11.27) and 64% were female. The participants originated from six different
English-speaking countries (68% from the United Kingdom and 28% from the United

States).

3.2.2 Measures

We administered six questionnaires in English. We used an MFC format with
items presented in triplets and a full ranking instruction. The participants were instructed
to rank the items as follows: “On each page you will be presented with a block of three
statements. Rank these statements according to how well they describe you in your usual
behavior. Place the statement that describes you best at the top, the statement that
describes you neither best nor least in the middle, and the statement that describes you
least at the bottom.”

We included questionnaires measuring personality traits (HEXACO, Big Five,
Dark Triad), vocational interests, and other scales related to personality. The six
questionnaires in the online survey are displayed in Figure 4. Only the Big Five Triplets
is originally an MFC instrument. For the HEXACO-60, we used the MFC version from
Wetzel and Frick (2020). For the other instruments, we constructed an MFC version with
triplets. The number in the boxes in Figure 4 corresponds to the number of triplets in the
questionnaire. In two questionnaires (SD3 and IPIP), an instructed response triplet
appeared at a random position. The order in which the triplets were presented was
randomized within the six questionnaires, but the order of the questionnaires was the same

for all participants (as displayed in Figure 4).
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Figure 4

Properties and Questionnaires of the Online Survey

Introduction and example triplet

20 Big Five Triplets
(BFT; Wetzel & Frick, 2020)

20 Big Five Inventory 2
(BFI-2; Soto & John, 2017)

9 +1 | Short Dark Triad Scale
(SD3; Jones & Paulhus, 2014)

20 HEXACO-60 (Ashton & Lee, 2009)

20 + 1| Items from International Personality ltem
Pool (IPIP; Goldberg et al., 2006)

20 Oregon Vocational Interest Scales
(ORVIS; Pozzebon et al., 2010)

Self-Report ltems
(Meade & Craig, 2012)

Demographic items on age, gender,
and nationality

Note. The numbers in the boxes display the number of triplets in the respective questionnaire. In
the questionnaires marked with “+1”, an instructed response triplet appeared at a random position.

Following the questionnaires, participants were asked to evaluate the quality of
their data. Three self-report items were used to assess the effort they put into the study,
the attention they paid to the study, and whether their data should be used in the analyses
(for more details on the item wording see Section Indices for Detecting Careless
Responding in MF C Questionnaires). On the last survey page, the participants were asked

for demographic information (age, gender, and nationality).
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3.2.3 Analytic Strategy

The analyses were conducted using Mplus Version 8.9 (Muthen & Muthen, 2012—
2022) and R Version 4.1.0 (R Core Team, 2021) with the packages psych (Revelle, 2021),
MplusAutomation (Hallquist & Wiley, 2018), tidyLPA (Rosenberg et al., 2018), mice
(Buuren & Groothuis-Oudshoorn, 2011), MOTE (Buchanan et al., 2019), multiplex
(Ostoic, 2020), MFCblockInfo (Frick, 2021), doParallel (Corporation & Weston, 2020),
ggplot2 (Wickham, 2016), patchwork (Pedersen, 2022), and apaTables (Stanley, 2021).
Moreover, we wrote functions to calculate the careless responding indices in the MFC

format (CRinMFC, https://github.com/rkupffer/CRinMFC) and other functions to

prepare and read out data related to the Thurstonian item response theory analyses

(TirtAutomation, https://github.com/susanne-frick/TirtAutomation). Both packages

containing these functions are available on GitHub. The analysis plan described in this
section was also part of our preregistration.
Pre-Analysis

Sometimes longer response times per page occur due to pausing the study,
distraction, or spending more time than usual on thinking before answering. This can bias
the average response time over all triplets. Therefore, we calculated the average response
time per triplet for each participant. These values are shown in Figure 1 in the
supplemental materials. To avoid extreme response time values from skewing the overall
measure, we replaced values that were at least twice as high as the 75th percentile of the
sample’s average response time per triplet (green dashed line in bottom boxplot) with
random values between the 25th and the 75th percentile. In total, 5,766 (4%) values were
replaced. We replaced these values rather than treating them as missing, because missing

response times already occur when participants drop out.


https://github.com/rkupffer/CRinMFC
https://github.com/susanne-frick/TirtAutomation

3 Study 1: Detecting Careless Responding in Questionnaires in the MFC Format 40

Research Question 1

To answer the first research question regarding the correlations among the indices
and their factor structure, we first computed the correlations among the indices. For
testing Hypotheses 1 to 3, we defined a low correlation as. 10 < |r| < .30 and a moderate
correlation as .30 < |r| < .50, as suggested by Cohen (1988). We tested several
correlations in our hypotheses and decided that the hypotheses would be considered
fulfilled if two-thirds of the correlations met the criteria described above. We checked the
prerequisites for calculating an exploratory factor analysis using two criteria: a Kaiser-
Meyer-Olkin coefficient above .80 (Kaiser & Rice, 1974) and a Bartlett-Test (Bartlett,
1950) result that differs significantly (p < .05) from zero.
Research Question 2

To answer the second research question regarding whether different subgroups of
careless respondents existed, we ran a latent profile analysis with the following indices:
response time, self-reported effort, self-reported attention, consistency score,
Mahalanobis distance, longOrderMax, longOrderAvg, sameOrder, and triplet variance.
To determine the number of latent groups, we used the Bayesian Information Criterion
(BIC; with smaller values indicating a better fit) and the model entropy (above .60, with
higher values indicating a more accurate classification of respondents into latent groups),
the interpretability of the resulting groups, and the parsimony of the solution.
Research Question 3

To answer the third research question regarding the proportion of careless
respondents, we computed the proportion of respondents identified as careless by each
index. Furthermore, we derived the proportion of persons assigned to profiles that

indicated careless responding from the latent profile analysis.
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Research Question 4

To answer the fourth research question regarding the occurrence of careless
responding, we compared the proportion of careless respondents measured by our
indicators in the first (BFT) and last (ORVIS) questionnaire of the online study. For both
questionnaires, we computed the proportion of careless respondents identified by the
following indices: consistency score, Mahalanobis distance, longOrderMax,
longOrderAvg, sameOrder, and triplet variance. These proportions were compared using

McNemar’s tests with a Bonferroni-corrected significance level of a = .01.

3.2.4 Simulation of Different Careless Responding Patterns and Proportions

The simulation study aimed to conceptually prove the developed indices and
supplements the empirical part by giving first insights into the kind of careless responding
patterns that can be detected by different kinds of careless responding indices. Thus, the
research questions were: 1) How do the developed indices respond to increasing
proportions of careless responding? 2) Which manifestations of careless responding
patterns can be detected by which kind of careless responding index? 3) What is the
sensitivity and specificity of the indices at different cutoff values?

According to the literature on careless responding in rating scale data cited above,
the base rate of careless responding is between 4 and 33%. Therefore, we varied the
proportion of careless responding in our samples between 2 and 40% (in intervals of 5%).
We modeled the two kinds of careless responding patterns that are discussed in the
literature: randomness and longString (in our case longOrder). We divided the second
kind into a moderate and a strong form of rank order repetition. The first careless
responding pattern type is called random order, as it is manifested in the random selection
of the rank orders for all of the blocks in the questionnaire. The second type strong

repetition order, is manifested in the selection and repetition of one rank order throughout
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the whole questionnaire. The third type moderate repetition order, is manifested in the
selection and repetition of one rank order for five consecutive triplets. In all types of
careless responding patterns, the rank order ‘1-2—3” had a higher probability (p = .25) of
being selected than the remaining rank orders (p = .15).

We also varied the sample composition. Thus, for each proportion of careless
responding in the sample, we also varied the shares (0, .25, .50, .75, and 1) of random and
one of the repetition order patterns. For example, for an overall percentage of careless
responding in the sample of 2%, we simulated nine different sample compositions (see
Table 3). In the first condition only one type of careless responding (i.e., strong repetition
order) was modeled. In Condition 9 on the contrary, the subsample of careless
respondents (also 2% in total) consisted of 75% random selection of rank orders and 25%
of strong moderate of rank orders. This results in a total of 72 conditions. Each of the
simulation conditions was modeled with a sample size of N = 1,000 and was replicated

1,000 times.

Table 3

Simulation Design of Sample Compositions

Sample Random selection Strong repetition Moderate repetition
Composition of rank orders (in %) of rank orders (in %) of rank orders (in %)

1 .00 1.00 .00

2 25 75 .00

3 .50 .50 .00

4 75 25 .00

5 1.00 .00 .00

6 .00 .00 1.00

7 25 .00 75

8 .50 .00 .50

9 75 .00 25

Note. The overall proportion of careless responding in the simulated samples varies between [.02, .07,

A12,.17,.22, .27, .32, and .37] percent.
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The simulation was based on the Big Five Triplets questionnaire (for details see
Table 2 in the supplemental materials), as it is the only validated MFC instrument in our
study. We simulated the careful/thoughtful responses based on the Thurstonian IRT
model with intercepts [-1; 1] and loadings [0.65; 0.95] sampled from a uniform
distribution. For model identification we set the trait means to zero. The correlations
among the Big Five traits were set to the correlations obtained in the meta-analysis by
Anglim et al. (2020, p. 60).

In each replication, we computed the mean and standard deviation of the indices
consistency score, Mahalanobis distance, triplet variance, longOrderMax, longOrderAvg,
and sameOrderS. A range of cutoff values were applied to each index (see Table 4) to
compare sensitivity and specificity at these cutoff values. Specifically, we used the
Youden-Index (YI; Youden, 1950) to determine the trade-off between sensitivity and
specificity. As an overall performance measure of the careless responding indices, taking
into account the balance between sensitivity and specificity over a range of cutoff values,

we calculated the Area Under the Receiver-Operating-Characteristic Curve (AUC).

Table 4

Cutoff Values in the Simulation Study

Index Cutoff 1 Cutoff 2 Cutoff 3 Cutoff 4 Cutoff 5

Consistency score .60 .65 .70 75 .80

Mahalanobis distance D* > xira - - - -

LongOrderMax 2.0 25 3.0 35 4.0
LongOrderAvg 75 1.00 1.25 1.50 1.75
SameOrder .20 22 24 .26 28
Triplet variance .65 .70 75 .80 .85

Note. We also applied a sample-dependent cutoff value (M — 2*SD) for the consistency score.

6 The remaining indices were not included because either there was no psychometric model on which to
base our simulation (e.g., response time, response time index, and instructed response triplet) or the indices
were not modified from the original study (e.g., the self-report indices).
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3.3 Results

We first calculated all of the indices adapted to and developed for the MFC format.
As the consistency score is based on parameters from Thurstonian item response theory
models, we ran these models for each questionnaire before calculating the indices.
Unfortunately, the model for the Short Dark Triad Scale (Jones & Paulhus, 2014) in the
MEFC format failed to converge. Therefore, the consistency score was calculated for each
of the remaining five questionnaires. These scores were then averaged. According to the
RMSEA, the model fit of the remaining models was good (BFT = 0.040, BFI-2 = 0.035,
HEXACO =0.031, IPIP scales =0.033, and ORVIS =0.044). The three rank order
indices, the triplet variance, and the missing values index were calculated for each of the
six questionnaires as well as for the whole survey (including all 121 triplets). The
response time and RTI were calculated for the whole survey and the RTI for the first and
last questionnaire as well. Table 5 displays the means, standard deviations, confidence
intervals, cutoff values, and percentage of the sample identified as careless respondents
by the indices.

For some of the indices, including the self-report items and the instructed response
triplets, natural cutoff values exist. For example, on the instructed response triplets, a
given participant can be flagged as careless when he/she failed to select the prescribed
rank order. For other indices, cutoff values are needed. As this study is the first to
investigate the newly developed indices in the MFC format, no established cutoff values
exist. Hence, we used visual inspection to determine cutoff values for the indices
longOrderMax, longOrderAvg, sameOrder, and triplet variance and calculated deviations
from the sample mean to determine the cutoff values for the response time, RTI,
consistency score, and missing values indices. The calculation of the indices and the

determination of the cutoff values are part of the R-script “4 calc_indices.R”.
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Table 5
Descriptive Statistics on the Careless Responding Indices Including Cutoff Values and %

of the Sample Identified as Careless Respondents by Each Index

Index M SD 95%CI Cutoff % careless

respondents
Response time in minutes 21.92 6.37 [8.25; 34.83] M-2%SD 2
Response time index* .10 18 [-.25; .45] M+ 2* SD 6
Self-report effort 4.72 0.56 [3.62; 5.82] 3 “some” 3
Self-report attention 4.67 0.70 [3.30; 6.04] 3 “some” 4
Self-report use me .01 .09 [-.17;.19] 1 “no” 1
Instructed response triplet 0.17 0.52 [-0.85; 1.19] 1 10
Consistency score .76 .06 [.64; .88] M—-2* SD 5
Mahalanobis distance 13.06 16.18 [-12.55;41.27] D? > )(éf'a 2
LongOrderMax 2.97 5.09  [-7.01; 12.95] 7 3
LongOrderAvg 1.41 0.84 [-0.24; 3.06] 2 6
SameOrder 21 11 [-.01; .43] .40 3
Triplet variance 93 17 [0.60; 1.26] .70 7
Missingness™ .03 .14 [-.24; .30] M+ 2* SD 4

Note. Indices marked with an asterisk were not preregistered.

After the cutoff values were applied, a sum score of the 11 preregistered indices
was calculated for each participant (TotalSumScore). The TotalSumScore thus counts the
number of indices on which a participant was flagged as careless and ranges from 0 to
11. Eight hundred and eighty-four participants (76% of the sample) were not flagged by
any of the indices, 165 participants (14% of the sample) were flagged by one index, and
120 participants (10% of the sample) were flagged by two or more indices. Two

participants scored the highest TotalSumScore of eight.
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3.3.1 RQ1: Correlations Among the Indices

To test Hypotheses 1 to 3, we calculated the correlations among the indices and
tested whether two-thirds of the correlations met the criteria of a small or moderate
correlation as described above (the correlations are displayed in Table 6). The indices
response time and missing values index were not part of the preregistration and therefore
not included in the hypotheses tests, but are reported as exploratory results. Bivariate
scatter plots of the indices are displayed in Figure 2 in the supplemental materials. The
self-report item use me did not correlate with most of the preregistered indices. The self-
report item effort had a positive but small correlation with the other indices, except for
the sameOrder index and Mahalanobis distance, for which there were no correlations. The
self-report item attention had a positive but small correlation with the instructed response
triplet, longOrderMax, and triplet variance indices. Only 11 (out of 24) correlations were
low or moderate. Therefore, Hypothesis 1 was not confirmed. The correlation between
the self-report items attention and effort was moderate and positive. The correlations of
use me with effort and use me with attention were positive but small. Therefore,
Hypothesis 2 was not confirmed. The indices longOrderAvg and longOrderMax did not
correlate with the consistency score. Therefore, Hypothesis 3 was not confirmed. As
preregistered and described in the Method section, we used two criteria to decide whether
applying principal axis factoring is reasonable. The Bartlett test showed that the
correlations among the indices differed significantly from zero (x2(91)=10,635,
p <.001), but the Kaiser-Meyer-Olkin coefficient was below .80 (KMO =.60).

Therefore, the exploratory factor analysis was not carried out.
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Table 6

Correlations Among the Careless Responding Indices

Index 1 2 3 4 5 6 7 8 9 10 11 12 13
1. Response time in minutes
2. Response time index* -.63
3. Self-report effort -.16 24
4. Self-report attention -10 15 42
5. Self-report use me -.01 .10 .26 13
6. Instructed response triplet -18 32 .20 13 .05
7. Consistency score —-.16 35 18 .09 .10 41
8. Mahalanobis distance —-.06 .08 .08 .07 —-.02 .08 .02
9. LongOrderMax —-.06 .09 .16 12 -.02 34 .01 .10
10. LongOrderAvg .02 .01 12 .08 -.03 21 -.03 .08 .93
11. SameOrder .02 .08 .06 .07 -.02 .26 -11 13 .50 45
12. Triplet variance -32 27 21 .14 .05 .66 17 .08 .38 13 18
13. Missing values index* -34 .16 17 A1 .10 .28 .08 .01 —-.06 -.25 —-.26 78
14. TotalSumScore —-.26 .36 .36 .30 .20 .83 38 .09 .50 32 38 .69 .30

Note. The indices self-report effort, self-report attention, consistency score, and triplet variance were recoded so that higher values indicate 'more' careless responding.
Indices marked with an asterisk were not preregistered. TotalSumScore = sum score counting for how many of the preregistered indices a given person was categorized as
a careless responder.
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3.3.2 RQ2: Subgroups of Careless Respondents

We conducted a latent profile analysis on the indices response time, self-report
effort, self-report attention, consistency score, Mahalanobis distance, longOrderMax,
longOrderAvg, sameOrder, and triplet variance. As described above, we used the BIC
and the entropy of the models, the interpretability of the resulting groups, and the
parsimony of the solution to determine the number of latent groups. Using these criteria,
two models seemed to fit to the data: Model 1 with two classes and Model 3 with four
classes (see Table 7). The model with five classes failed to converge.

Table 7

Model fit of the Latent Profile Analysis Models.

Model No. of classes BIC Entropy prob_min prob_max
0 1 25930 1.00 1.00 1.00
1 2 14424 0.98 0.98 1.00
2 3 13407 0.97 0.97 0.99
3 4 12925 0.95 0.92 1.00

Note. Prob_min/prob_max — minimum/maximum of the average latent class probability for the class

membership which is most likely. Model 4 did not converge.

All latent profile analysis models are displayed in Table 8 with the resulting class
means on the different indices. In Model 1, 84% of the sample was assigned to Class 1
and 16% to Class 2. A comparison of the predicted class means of the two classes in this
model revealed that participants who were assigned to Class 2 on average responded a bit
faster, scored lower on the self-report item attention, had higher Mahalanobis distance
values, repeated a rank order twice as often in a row on longOrderMax, and had a lower
triplet variance. The response time index, instructed response triplet, missing values
index, and the self-report item use me were not part of the latent profile analysis.

Therefore, for these indices, the class means were calculated post hoc. On average, a
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participant who was assigned to Class 2 missed one (out of two) instructed response
triplets and had 18% missing values. Based on the class means, it appears that Class 2

contains careless participants.

In Model 3, 76% of the participants were assigned to Class 1. The second largest
class (19%; Class 2) was on average three minutes faster than Class 1, scored lower on
the self-report items (especially on attention, similarly to Class 2 in Model 1), had higher
Mahalanobis distance values, and repeated on average one triplet more on longOrderMax.
Respondents who were assigned to Class 3 (comprising 3% of the sample) responded ten
minutes faster on average than Class 1 and skipped on average 69% of the items. Due to
this high rate of missing values, the other indices will not be described for this class. The
fourth class in this model (Class 4; 2%) contained respondents who responded on average
almost five minutes faster than Class 1. Participants in this class had on average high
values on the rank order indices and Mahalanobis distance and low values on triplet
variance. Based on the class means, Model 3 revealed three different classes of careless
respondents: one which was characterized by producing many missing values, another
one that repeated one rank order very often in a row, and one that exhibited less extreme

values on the indices but still deviated from the careful respondents in Class 1.
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Table 8

Latent Profile Analysis Results

Model 1 Model 2 Model 3
Index Class 1 Class 2 Class 1 Class 2 Class 3 Class 1 Class 2 Class 3 Class 4
Proportion .84 .16 .79 .20 .01 .76 19 .03 .02
Class means
Response time in minutes 22.45 16.92 22.60 17.55 18.12 22.64 19.23 11.88 16.80
Response time index* .03 23 .02 22 .19 .02 19 .26 27
Self-report effort 4.78 422 4.81 4.26 4.06 4.82 435 4.85 4.20
Self-report attention 4.78 4.04 4.80 4.10 4.38 4.80 421 3.94 437
Self-report use me* .01 .02 .01 .02 .00 .00 .02 .05 .00
Consistency score 17 1 77 .70 78 78 .70 .70 .76
Mahalanobis distance 13.89 16.79 13.61 16.36 29.18 13.56 16.10 14.32 22.84
LongOrderMax 243 5.76 2.40 3.23 32.38 2.39 3.27 0.53 20.80
LongOrderAvg 1.39 1.51 1.39 1.20 5.52 1.38 1.38 0.16 3.67
SameOrder .20 25 .20 .20 78 .20 21 .03 .62
Triplet variance 98 .67 .98 .76 .30 .98 .88 27 41
Instructed response triplet*® 0.03 1.01 0.02 0.76 1.56 0.01 0.57 1.36 1.56
Missing values index* .00 18 .00 15 .01 .00 .05 .69 .09

Note. Indices marked with an asterisk were not part of the latent profile analysis but were calculated post hoc.
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Graphical and Statistical Model Validation

In order to cross-check the results of Model 3, we conducted additional analyses.
For a graphical model validation, we selected three of the indices used in the latent profile
analysis to gain deeper insights into the behavioral differences between the four classes:
triplet variance, response time, and longOrderMax. Figure 4 in the supplemental materials
shows violin plots combined with scatter overlays to compare the density distribution and
dispersion of data points across five (sub)samples: the first column shows data from all
participants and the second through fifth columns show data from Classes 1 to 4. In
general, the distinction between the four classes is most obvious when looking at the

differences between the classes on several indices (not just one).

Triplet Variance. Class 1 contained participants with high values on the triplet
variance. The dispersion in this class was very small compared to Class 2 that also
included participants with comparably high values. The values on triplet variance in Class
3 and Class 4 also had a large dispersion, but the majority of the values were below .70,

which is rather low compared to the total sample.

Response Time. Participants in Class 3 had on average the fastest response times.
It was also evident that Class 2 included participants with faster response times in
comparison to the careful class (1).

LongOrderMax. The lower left plot shows the large dispersion in the total
sample and in Class 4 on the index longOrderMax. Shortening the y-axis (12 values are
truncated in the lower right plot), again Class 1 contained the homogeneous values and
Class 2 had a greater dispersion. Class 3 contained those individuals who had the fewest
repetitions on the index longOrderMax compared to the total sample. As a reminder, a
longOrderMax of 0 means that a participant has selected a rank order and on the next

page a different rank order, i.e., individuals in this class on average repeated a rank order
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less than once. Class 4 contained those participants who repeated a given rank order very
often in a row.

Multinominal Logistic Regression Models. In order to evaluate the plausibility
of the four classes resulting from Model 4, we ran two multinominal logistic regressions
to examine the relationship between the indices response time index and instructed
response triplet and class membership. We chose these indices because they were not
used to assign the participants to the latent classes, and thus can be used to cross-check
the model solution. The dependent variable has four categories (i.e., the classes of Model
4). We chose Class 1 as the reference category because it is the largest class and expected

to include the careful/thoughtful participants.

Response Time Index. The model fit the data (y2(3) = 132.66, p < .001). The
response time index explained 11% of the variance in class membership according to
Nagelkerke’s Pseudo R?. The response time index was significant in all of the
comparisons. Participants with higher values on the response time index were 12.68 times
more likely to be in Class 2 than Class 1 (b = 2.98, Wald x2(1) = 8.30, p <.001, e? =
12.68), 19.69 times more likely to be in Class 3 than Class 1(b = 2.98, Wald y?(1) =
6.42, p <.001, e? = 19.69), and 19.89 times more likely to be in Class 4 than Class 1 (b
=2.99, Wald y2(1) =6.17, p < .001, e? = 19.89).

Instructed Response Triplet. The model fit the data (y?(3) = 414.73, p < .001).
The instructed response triplet explained 36% of the variance in class membership
according to Nagelkerke’s Pseudo R?. The instructed response triplet was significant in
all of the comparisons. Participants with higher values on the instructed response triplet
were 16.11 times more likely to be in Class 2 than Class 1 (b =2.78, Wald y?2(1) = 9.45,

p <.001, e? = 16.11), 43.81 times more likely to be in Class 3 than Class 1 (b = 3.78,
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Wald y2(1) = 8.22, p <.001, e? = 43.81), and 58.56 times more likely to be in Class 4

than Class 1 (b =4.07, Wald y?(1) = 10.37, p <.001, e? = 58.56).

In summary, the model validation of the latent profile analysis was accomplished
in two ways: 1) graphically by going deeper into indices that were part of the analysis and
2) statistically by multinominal logistic regression models in which class membership
was predicted by indices that were not included in the latent profile analysis. Both kinds
of analyses revealed that respondents in the four classes differ on a behavioral level that

is captured by the careless responding indices.

3.3.3 RQa3: Proportion of Careless Responding

According to the results of the latent profile analysis, 16 to 24% of the sample
were assigned to classes which showed careless responding behaviors. Another approach
to group respondents as careless versus careful is the use of cutoff values. Table 5 displays
the proportion of the sample identified as careless by each of the indices. The proportion
of participants flagged by the indices varied between 1% for the self-report item use me

and 10% for the instructed response triplets.

3.3.4 RQ4: Comparison of Careless Responding Between First and Last

Questionnaire

In this part of the analyses, we compared the proportion of careless respondents
identified by our indices in the first (BFT) versus the last (ORVIS) questionnaire in the
online survey. We applied the cutoff values described in Table 5. The results of the
McNemar’s tests are displayed in Table 9. For four out of the six preregistered indices
(longOrderMax, longOrderAvg, sameOrder, and triplet variance), the proportion of
careless respondents differed significantly between the two questionnaires. For three of

these, the proportion of careless respondents was larger in the last compared to the first
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questionnaire, whereas for sameOrder, the effect went in the opposite direction. We
additionally compared the proportion of careless respondents identified by the response
time index and missing values index in an exploratory analysis, as these indices were not
preregistered. For both indices, the proportion in the last questionnaire was higher than

in the first.

Table 9

Careless Responding in the First and Last Questionnaire in the Online Survey.

Proportion of careless respondents

Index Cutoff BFT ORVIS x? p-value
Consistency score M —2%SD .04 .04 0.00 1.000
Mahalanobis distance D* > xira .00 .00 0.17 .683
LongOrderMax 7 .01 .03 13.79 <.001
LongOrderAvg 2 .00 .01 7.56 .006
SameOrder 40 .06 .04 8.00 .005
Triplet variance .70 .06 .09 13.93 <.001
Response time index* M+ 2% SD .05 .08 18.85 <.001
Missing values index* M+ 2% SD .02 .04 13.56 <.001

Note. We preregistered to test on a Bonferroni-corrected alpha level of a = .01. Indices marked with an
asterisk were not preregistered.

3.3.5 Exploratory Analyses: Impact of Removing Careless Respondents From the

Sample

In order to investigate the impact of removing the participants who were flagged
as careless by our indices from the sample, we computed several correlations with and
without these respondents and compared the results with correlations reported in the
literature (see Table 3 in the supplemental materials). We chose two criteria on which to
flag individuals: A) the results of the latent profile analysis (Class 2 to 4 in Model 3) and
B) the combination of four of our indices (RTI, triplet variance, instructed response

triplet, and longOrderMax). Criterion A flagged 24% of the sample and Criterion B 16%.
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Seventy-four percent of the sample was identified as careful by both criteria and 14% as
careless by both criteria. For 12% of the sample, the two criteria did not overlap. The
results of these two approaches did not differ much. Due to estimation problems with the
Thurstonian item response theory model for the Short Dark Triad Scale, we cannot
compare the correlations of narcissism with age and gender as we planned in our
preregistration.

The correlations of the Big Five personality traits with age and gender reported in
the literature and based on our sample are displayed in Table 3 in the supplemental
materials. In general, most of the correlations did not differ meaningfully after removing
the careless participants from the sample. A second exploratory analysis addressed the
reliability of trait estimates on the scales. We compared the empirical reliability of the
trait estimates on the scales based on the whole sample with the one without the careless
respondents. In order to compare the reliability estimates, we transformed them using
Fisher's Z transformation. Removing the careless participants slightly improved the
reliability estimates of all Big Five scales measured using the Big Five Inventory 2 (see

Table 3 in the supplemental materials).

3.3.6 Simulation Study

In 22,831 of the 72,000 replications (32%), factor scores could not be computed
due to convergence problems of the Thurstonian item response theory model. These
convergence problems occurred mainly in conditions where the proportion of careless
responding exceeded 22% of the sample and strong repetition of rank orders was
modeled. Thus, a first finding of the simulation study is that high proportions of careless
responding can lead to model convergence problems. In these cases, the consistency score
index could not be computed. Details on the simulation study can be found in the GitHub

repository in the subfolder ‘7_simulation _study’.
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Type of Careless Responding

A number of possible sample compositions were modeled (see Table 3). Figure 5
shows the trend for each index as the number of careless respondents increases. For each
index, the values are also broken down by modeled type of careless responding. Thus, the
purple line of strong repetition order consists only of values from conditions where 100%
strong repetition of rank orders was modeled. The red line represents the average across
all conditions for the given proportion of careless responding in the sample. As expected,
the indices do capture different manifestations of careless responding, which will be now
addressed in detail.

Consistency Score. With increasing proportions of careless responding in the
sample, the trend for all modeled types of careless responding is negative for the
consistency score (see upper left corner in Figure 5). Higher values indicate a more
consistent response pattern and thus less careless responding. Therefore, the results are in
line with the conceptual idea of this index. Due to the above-mentioned convergence
problems with the Thurstonian item response model, some data points are missing for
strong repetition of rank orders.

Triplet Variance. With increasing proportions of careless responding, the trend
for moderate and strong repetition of rank orders is negative while random selection of
rank orders remains stable. Higher values refer to more variance in the response pattern
(i.e., variation of the different ranking options). Therefore, the results are in line with the
conceptual idea of this index.

LongOrderMax and LongOrderAvg. With increasing proportions of careless
responding, the trend for moderate and strong repetition of rank orders is positive while
random selection of rank orders remains stable (see middle row in Figure 5). Higher
values indicate a longer sequence of repeated rank orders. Therefore, the results are in

line with the conceptual idea of the two indices.
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Figure 5

Different Proportions and Types of Careless Responding in the Simulated Samples
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Table 10

Simulation Study Results

Cutoff value 1 Cutoff value 2 Cutoff value 3 Cutoff value 4 Cutoff value 5

Index % CR M SD  AUC
Sensitivity YI  Sensitivity YI Sensitivity YI Sensitivity YI Sensitivity YI
Consistency score .02 .84 0.07 1.00 g2 72 09 .90 97 96 1.00 .95 1.00 .82
22 79 0.11 .92 38 .38 S8 .57 g2 .70 80 .71 .84 .55
.37 5 0.11 91 31 31 S5 55 g6 73 88 .75 92 55
Triplet variance .02 .92 0.08 .82 48 48 A48 48 49 48 S8 .56 62 54
22 .85 0.20 .82 48 48 A48 48 49 49 S8 .56 62 54
.37 79 0.24 .81 48 48 A48 48 49 49 S8 .56 62 54
LongOrderMax .02 1.49 1.38 79 59 54 59 54 56 .56 56 .56 - -
22 2.77 3.64 79 59 54 59 54 56 .56 56 .56 - -
.37 3.73 4.39 79 59 54 59 54 56 .56 56 .56 - -
LongOrderAvg .02 0.47 0.33 79 .61 52 56 .56 56 .56 S5 .55 S5 55
22 0.74 0.76 79 .61 52 5655 56 .56 S5 .55 S5 55
37 0.94 0.90 79 .61 S1 5655 56 .56 S5 .55 S5 55
SameOrder .02 0.17 0.09 .67 53029 53029 S3.29 32 22 3222
22 0.19 0.14 .65 520 28 52 28 5228 3121 3121
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37 0.20 0.17 .65 52 .29 52 29 .52 .29 31 21 31 21
Mahalanobis .02 32,65 147.32 .55 .26 .00 - - - - - - - -
distance

22 7.96 46.58 52 .06 .00 - - - - - - - -

37 -20.98 93.54 52 .03 .00 - - - - - - - -

Note. % CR — Proportion of careless responding in the sample. AUC — Area Under the Receiver-Operating-Characteristic Curve. YI — Youden-Index
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SameOrder. The third rank order index expresses the proportion of triplets for
which the presented rank order was copied. With increasing proportions of careless
responding the trend for all types of careless responding is slightly positive. The results

are in line with the conceptual idea of the index.

Mahalanobis Distance. This index expresses the distance between a person’s
response and the sample mean, accounting for correlations between responses. With
increasing proportions of careless responding the trend for all types of careless responding
is stable (despite the outlier). Therefore, the results are not in line with the conceptual
idea (i.e., more carelessness, more deviation from the sample mean) of this index.
Figure 6

Area Under the Receiver-Operating-Characteristic Curve Values for Different Careless

Responding Indices and Proportions of Careless Responding in the Sample
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Sensitivity, Youden-Index, and AUC for a set of Cutoff Values

In Table 10 the results regarding the sensitivity, Youden-Index of different cutoff
values and the AUC for each index are displayed. This table is condensed, as only the
means for three proportions of careless responding are reported. A complete results table
can be found in the supplemental materials. For all analyzed indices except for the
Mahalanobis distance, the AUC values are in an acceptable to excellent range (see Figure
6). The Youden-Index yields best results for the following cutoff values: consistency
score of .70 or .75, triplet variance of .80, LongOrderMax of 3 or 3.5, LongOrderAvg of
1.25 (but comparable to the other values), and sameOrder between .20 and .24. The
Youden-Index for the cutoff value for the Mahalanobis distance is very low (see
Figure 7).

The results of the simulation study can be summarized as follows: 1) With the
exception of Mahalanobis distance, the results are consistent with the conceptual idea of
the indices, resulting in trends in the expected direction with increasing proportions of
careless responding in the sample. 2) The indices capture different kinds of careless
responding: the consistency score captured moderate and random responding best, the
triplet variance captured strong and random responding best, the longOrderMax and -Avg
captured strong and moderate responding best, and the sameOrder captured all forms of
careless responding. 3) The balance between sensitivity and specificity of the indices over

a range of cutoff values (i.e., AUC) were in an acceptable to excellent range.
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Figure 7

Youden-Index for Different Cutoff Values for the Careless Responding Indices
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3.4 Discussion

The development of models that allow deriving normative trait estimates boosted
the use of the MFC format in research and practice. Several MFC questionnaires
especially for the assessment of personality traits have been developed including
occupational personality inventories (e.g., Watrin et al., 2019), and scales assessing
maladaptive personality traits (e.g., Guenole et al., 2016). In addition, research has, for
example, investigated the validity of existing instruments (e.g., Walton et al., 2020;
Watrin et al., 2019; Wetzel & Frick, 2020; Zhang et al., 2020) and developed methods
that can be used for constructing new instruments (e.g., Frick, 2023; Pavlov et al., 2021)
and for detecting differential item functioning (e.g., Lee et al., 2021). However, it was so
far unclear how to detect careless responding in MFC data. Therefore, in this study, we
developed a number of indices to detect careless responding in MFC questionnaires.
These indices can easily be computed using the functions we published on GitHub

(https://github.com/rkupffer/CRinMFC). In the present study, we provide a first

examination of the indices’ performance and the extent of careless responding in MFC
data based on a large online sample. In general, it seems that careless responding is an
important issue that should be addressed not only in rating scale data but also in the MFC
format. However, adapting careless responding indices from the rating scale to the MFC
format is not straightforward and will not necessarily lead to the same behavior and
performance. Our hypotheses on the indices’ relations, which were based on prior
research with similar indices in the rating scale format, all had to be rejected. According
to the results of the latent profile analysis, between 16 and 24 percent of the sample
responded carelessly. The examined indices differed in their performance with the triplet
variance, longOrderMax, instructed response triplets, and response time index performing

best overall. There was twofold evidence for this in the data: 1) the correlations of these
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indices with the other indices were comparatively high, and 2) the average class means in
the latent profile analysis differed on these indices. Removing participants who were
flagged by these four indices slightly improved reliability estimates for most of the scales.
The results of the simulation study confirmed that, with the exception of the Mahalanobis

distance, the examined indices work as intended conceptually.

3.4.1 Is Careless Responding the Same in Rating Scales and MFC

Questionnaires?

Various results from this study can be compared to the results of studies
investigating careless responding in rating scale questionnaires. Although the correlations
among the indices for the MFC format were smaller than expected, the results regarding
latent classes of careless respondents and the increase in careless responding over the
course of the online survey were in line with studies using questionnaires in the rating
scale format. These similarities and differences will be discussed in the following
paragraphs.

Correlations Among the Careless Responding Indices

Our results showed some differences to findings from rating scales regarding the
nature of careless responding and the performance of the indices. One of the most evident
differences was the correlational structure among the indices. Some of the indices that
worked well in the rating scale format, including Mahalanobis distance, did not correlate
with most of the other indices in the MFC format. Moreover, the indices did not share a
substantial amount of variance, as indicated by a low KMO value.

We posed our hypotheses regarding the correlations among the indices based on
results obtained with rating scale data by Meade and Craig (2012) and implemented the
same self-report items in our online survey as they did. Two of the three hypotheses

concerned the correlations with and among the three self-report items effort, attention and
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use me. The two response formats differ from each other; therefore, it is not surprising
that the correlations of our MFC indices with the self-report items differed from the ones
reported by Meade and Craig for the rating scale indices. However, the correlations
among the self-report items also differed between studies, despite the fact that these items
were identical in both studies. The most striking differences were found for use me, for
which we found no relationships with most of the other indices. It is possible that this
result is related to our data collection using Prolific Academic. On this platform, every
user has a unique ID that can be linked across several studies. Researchers who detect
low-quality or suspicious data can report these IDs to Prolific (Lumsden, 2018).
Participants might have feared being rejected from future studies if they stated that their
data should not be used for analysis.
Types of Indices and Groups of Respondents

Other studies using the rating scale format tended to report small relationships
among the careless responding indices and argued that this small overlap underscores the
need to use different types of indices (e.g., DeSimone & Harms, 2018). With the term
types of indices, we refer to groups of indices that capture similar response behavior: For
instance, the rank order indices are of the same type, while the self-report items are of
another type. Another result of our study which might support the recommendation to use
different types of indices for data cleaning are the different latent classes. In latent class
or profile analysis, multiple indicators are used to assign participants to classes. The
results of the latent profile analysis in this study suggest that our sample consisted of four
classes: a large careful class containing the majority of participants, and three smaller
careless classes. The three careless classes differed with regard to the extent and
manifestation of careless responding measured by our indicators. Studies conducting
latent profile analysis in order to investigate careless responding in the rating scale format

have often found three classes of respondents (e.g., Kam & Meyer, 2015; Maniaci &
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Rogge, 2014; Meade & Craig, 2012). The additional class we found is more likely to be
attributed to differences in the handling of missing values (i.e., we did not exclude
participants with missing values from the analysis) than to the difference in response
format. The remaining three classes converge with those found for rating scales. In line
with results by Kam and Meyer (2015), Maniaci and Rogge (2014), and Meade and Craig
(2012), we found a small class containing participants who chose one response option
(scale point or rank order) repeatedly in a row and another (somewhat larger) careless
class with participants responding inconsistently. In the previous studies, the latter class
was also distinguishable from the other classes by high values on Mahalanobis distance,
which was not evident in our data. The proportion of the sample assigned to the different
classes varied in previous research. In Kam and Meyer (2015), the class of careless
respondents with high values on LongString comprised 14% of the sample. In our sample
as well as in the other two rating scale studies (Maniaci & Rogge, 2014; Meade & Craig,
2012), this class was notably smaller (i.e., 1-2%). Thus, although the rating scale and
MFC format differ substantially from each other, our results suggest some similarities in
the nature of careless responding across the two formats.
Careless Responding Over the Course of the Study

For the rating scale format, increases in the occurrence of careless responding over
the course of the study have been found (e.g., Bowling et al., 2020; Clark et al., 2003;
Galesic & Bosnjak, 2009). Hence, we compared the percentage of respondents identified
as careless in the first and last questionnaires of the online survey. Interestingly, the
sameOrder index yielded a larger proportion of careless respondents in the first
questionnaire. This might be related to the fact that people who are not yet familiar with
the forced-choice format choose the presented rank order more often when they are unsure
about how to rank the items. Later in the questionnaire, as they gain more experience,

they may choose different rank orders in this case.



3 Study 1: Detecting Careless Responding in Questionnaires in the MFC Format 67

The proportion of participants flagged as careless by the other two rank order
indices, longOrderMax and longOrderAvg, and by the triplet variance was significantly
higher in the last questionnaire. This increase in careless responding over the course of
the study is in line with findings for the rating scale format regarding the LongString
index (Bowling et al., 2020) and the variability of the response pattern (Galesic &
Bosnjak, 2009). In an exploratory analysis, we found that the proportion of participants
identified as careless by the response time index and missing values index was higher in
the last questionnaire. The result for the response time index is in line with previous
research (e.g., Bowling et al., 2020; Galesic & Bosnjak, 2009), but the result for missing
values contrasts with the results by Galesic and Bosnjak (2009), who reported no increase
in missing values.

These results suggest that at least some participants who were flagged as careless
respondents by the indices did not respond carelessly to all questionnaires in the online
study. Therefore, it might be beneficial to exclude careless respondents using model-
based approaches, perhaps based on response times (e.g., Ulitzsch et al., 2022), or on the

questionnaire level rather than cutoff values based on the whole survey.

3.4.2 Recommendations for Detecting Careless Responding in the MFC Format

The results of our study have several implications for practitioners using
questionnaires in the MFC format. First, we recommend including instructed response
triplets together with the questionnaire of interest. The efficacy of the instructed response
triplets was highlighted by the results of the latent profile analysis: The instructed
response triplet index was not used as a variable to assign the participants to different
classes, but the post-hoc calculation of the average class mean on this index showed that
the careful classes missed practically none of the instructed response triplets. When

including this kind of question in a survey, researchers must bear in mind that it may
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unsettle or confuse participants who are conscientiously filling out the questionnaire.
Therefore, it is recommended to keep the number of instructed response items in balance
with the total number of survey items (e.g., one instructed response item per 50—-100
questionnaire items; Meade & Craig, 2012).

Second, throughout both parts of our study the Mahalanobis distance did not
provide promising results. Specifically, there was no substantial overlap with the other
indices. Moreover, with increasing proportions of careless responding in the sample, there
was no obvious effect on the Mahalanobis distance visible. Therefore, we recommend
calculating the index only as an additional measure, if at all.

Third, as our indices varied in their sensitivity to different manifestations and
degrees of careless responding, we recommend using different kinds of indicators to
identify distinct careless responding groups. Therefore, after data collection is completed,
we recommend using at least the indices triplet variance, longOrderMax, and response
time index to screen for careless respondents. These three indices capture different kinds
of careless responding behaviors. To calculate the response time index, the response time
per page is needed. Therefore, when implementing an online survey, it is advisable to

check beforehand how the response time is measured.

3.4.3 Limitations and Future Directions

As this study is the first to investigate detection methods for careless responding
in the MFC format, the results need to be validated in further studies using different data
sets. For practitioners, the careless responding indices can be a valuable tool. However,
we must acknowledge their limitations (e.g., flagging false positives). As our
understanding of the manifestation of careless responding in MFC questionnaires
deepens, future research should focus on the development of model-based detection

methods. A general limitation of some indices, including Mahalanobis distance or the
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response time, is that their cutoff values are sample-dependent and cannot easily be
generalized across studies. The simulation study was useful for a conceptual proof of the
indices and we identified cutoff values for some indices. These results are subject to
validation in further analysis, as we made strong assumptions in our simulation (e.g., only
interindividual variation of careless responding). Furthermore, the performance of the
consistency score might depend on how well the model fits the data. Another limitation
of the present study is that all questionnaires were forced-choice questionnaires with three
items per block and a full ranking instruction. For other variants of the MFC format, the
careless responding indices may have to be slightly modified. To what extent our results
are applicable to other variants of the MFC format needs to be investigated in further

studies.

3.4.4 Conclusion

This study serves as a starting point for investigating careless responding in MFC
questionnaires. The adapted and newly developed indices to detect careless responding
in the MFC format differed in how well they worked. Some practical recommendations
include using an instructed response triplet and calculating several indices post-hoc that
capture different manifestations of careless responding behavior. Future studies should

validate the results and work to establish appropriate cutoff values.
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4  Study 2: Evaluating the Careless Responding Indices
Under Different Conditions

Chapter 3 presented the first study that was conducted for this dissertation. The
aim of Study 1 was to develop indices to detect careless responding in MFC
questionnaires. In general, the results of Study 1 showed that careless responding plays
an important role in questionnaires in the MFC format and that it should be addressed not
only in the RS format but also in the MFC format. The indices that were developed
differed in their performance. These differences were evident in various analyses, such
as latent profile analysis, a conceptual simulation study, and basic investigations of the
correlations between the indices. The MFC indices developed in Study 1 were designed
to detect patterns that are assumed to occur when participants respond carelessly to
questionnaires in the MFC format: The longOrder indices for capturing rank order
repetition, the consistency score for capturing inconsistent responses, and the response
time index for detecting responses that are faster, as assumed when the respondent reads

and thinks about the items carefully.

4.1 Introduction

As mentioned in Chapter 1.2, some authors who defined careless responding in
RS questionnaires described it in terms of their assumptions about what the responses
result from, pointing to factors that potentially lead to careless response behavior, for
example, inattention and lack of motivation and effort (e.g., Huang et al., 2012; Maniaci
& Rogge, 2014). Other authors provided examples of the manifestations of careless
responses. In the RS format, repeatedly selecting a response option and responding fast
are possible manifestations of careless responding. These assumptions were also tested:

Bagby et al. (1991) instructed a group of participants to respond randomly to
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questionnaire items to investigate how these responses affected the detection rates of a
measure of careless responding. In another study, eye-tracking data were analyzed to
determine how much time participants spent in a particular region of a questionnaire to
gain insight into the response process when responding carelessly to RS items (Brower,
2020).

As Study 1 was one of the first studies to investigate careless responding in MFC
questionnaires, many research questions remain open. To extend the exploratory
investigation in Study 1, two of the most basic questions are: How does careless
responding manifest itself in questionnaires in the MFC format? And can the developed
indices capture careless responding? Moreover, with the indices developed in Study 1,
perhaps not all types of careless responses are covert. Therefore, another question that
remains is whether there are other strategies participants use when responding to MFC
questionnaires when they are tired, listless, or distracted.

To test whether the newly developed indices can capture careless responding, the
fundamental problem is that researchers usually deduce that participants are responding
carelessly on the basis of their response behavior (e.g., when they use the same rank order
across multiple pages), but we do not know for sure whether this extrapolation is accurate.
One solution is to instruct participants to respond careless or to induce careless responding
by demotivating participants. This strategy can be applied to investigate the impact of
different realistic scenarios on the careless responding indices. To test the impact of
various scenarios, we conducted a laboratory study. In this study, participants were
randomly assigned to one of three conditions: an experimental condition in which
participants were instructed to respond carelessly to the questionnaire items, a second
experimental condition in which participants were distracted to induce careless
responding, and a control condition. We compared the means on the careless responding

indices survey completion time, the three self-report items (effort, attention, and use me),
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instructed response triplets, sameOrder, longOrderMax, longOrderAvg, Mahalanobis

distance, consistency score, and triplet variance across the three research conditions.

Table 11

Indices and Corresponding Hypotheses in the Laboratory Study

Index Brief description Hypotheses

Survey completion The completion time is measured in minutes (from first Hla: C1>C2

time to last survey page) for each participant. Hlb: C1<C3

Self-report effort The participant rates the effort they put into the study. H2a: C1>C2
Response options range from 1 (a/most none) to 5 (a lot). ~ H2b: C1 > C3

Self-report attention The participant rates how much attention they paid to the H3a: C1>C2
study. Response options range from 1 (a/most no) to 5 H3b: C1>C3
(my full).

Self-report use me The participant is asked to decide whether their data H4a: C1 <C2
should be included in the analyses of the study. H4b: C1 <C3
Response options: 0 (ves) or 1 (no).

Instructed response Participants are instructed to place statements in a H5a: C1 <C2

triplet prescribed order. H5b: C1<C3

L0ngOrder7 A count of how many times in a row the same item order
is chosen within triplets (for the six possible rank orders:
1-2-3, 1-3-2, 2-1-3, 2-3-1, 3-1-2, and 3-2-1).

SameOrder Proportion of triplets for which a person copied the Hé6a: C1 <C2
presented order. H6b: C1 <C3

LongOrderMax Maximum of the six longOrder values. H7a: C1 <C2

H7b: C1<C3
LongOrderAvg Average of all six longOrder values. H8a: C1 <C2
H8b: C1 <C3

Mahalanobis distance The distance is measured between a person’s response H9a: C1 <C2
and the sample mean. HO9b: C1<C3

Consistency score Ratio of the frequency of items with a probability higher =~ H10a: C1 > C2
than the chance level (probability > .5) of being preferred H10b: C1 > C3
to the number of items.

Triplet variance Variance of a person’s ranking patterns across all Hlla: C1>C2
triplets. H11b: C1>C3

Note. This table was adapted from other tables and is therefore similar to the one in the preregistration
of this study (p. 2) and to Table | in the Supplemental Online Material of Study 1. C1 = control; C2 =
instructed careless responding; C3 = distracted careless responding condition.

7 In the preregistration, the rank order indices were called Combi instead of Order. Consistent with Study 1,

we renamed them.
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Table 11 presents brief descriptions of the indices that we tested in our hypotheses,
and the corresponding hypotheses are listed next to the description. We abbreviated the
control condition as Cl1, the instructed careless responding condition as C2, and the
distracted careless responding condition as C3. Hypotheses about Mahalanobis distance
were formulated because we preregistered the hypotheses before we computed the
analyses for Study 1. Overall, we hypothesized that in the two experimental conditions,
the indices would indicate more careless responding than in the control condition. Only
for the survey completion time did we hypothesize different directions because distraction
can also lead to longer response times. In addition to running the quantitative analyses,
we also conducted a qualitative interview. In this interview, we wanted to extend our
knowledge of the strategies participants use when they are tired, listless, or unsure of how
to rank the items. For this interview, we preregistered questions we wanted to ask the

participants (p. 9 of the preregistration).

4.2 Method

The laboratory study was conducted as a between-subjects design in which
participants were randomly assigned to one of three conditions: control (C1), instructed
careless responding (C2), and distracted responding (C3). Figure 8 presents the
experimental procedure. In the beginning, participants were given some general
information about the experiment and the declaration of consent. Next, participants began
the experiment on a computer. Participants in C1 received regular instructions with the
request to answer the questions honestly. Participants in C2 were instructed to respond as
if they were a person who was not at all interested in the study and the participation credit
or payment was their main motivation to participate. After receiving these instructions,

the participants were requested to contact the research assistant and repeat the instructions
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they received.® Participants in C3 also received regular instructions but were distracted
while they filled out the questionnaires (e.g., by a research assistant watching a video, a
mobile phone ringing, or advertisements popping up on the computer screen).

Figure 8

Procedure of the Laboratory Study

Laboratory Study

C3: distracted
responding
n =150

C2: instructed
careless responding
n =140

C1: control
n =140

Welcome, general information about the experiment, and declaration of
consent
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Survey

example triplets

instructions to respond
carelessly

Survey
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regular instructions regular instructions

personality

personality
questionnaires in the
MFC format
(84 triplets, 2 instructed
response triplets, 3 self-
report items on data

quality)

Interview
Question 1

Question 2

personality
questionnaires in the
MFC format
(84 triplets, 2 instructed
response triplets, 3 self-
report items on data

quality)

Interview
Question 1

Question 3

questionnaires in
the MFC format
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2 instructed
response triplets,
3 self-report items
on data quality)

Interview
Question 1

Question 2

suonoessip psuue|d

Debriefing and remuneration

8 This additional step was included because extensive piloting showed that many participants overlooked
or forgot the instructions without this step.
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In all conditions, participants were instructed to fill out all the survey pages. After
finishing the questionnaires on the computer, participants were asked to answer some
questions in a brief interview. With the consent of the participants, this interview was
recorded. The study concluded with a debriefing about the actual purpose of the study
and the remuneration of the participants. The study was approved by the ethics committee

of the Otto-von-Guericke University in Magdeburg, Germany.

4.2.1 Sample

We recruited a total of N = 430 participants who were native German speakers
and at least 18 years of age. Data collection took place between September 2020 and
December 2021 at three German universities. We planned to recruit 140 participants in
each condition. We deviated from our preregistered plan in two ways: (a) We
oversampled slightly more in C3 and assessed n.; =150 participants, and (b) we
additionally conducted the experiment at a third university because we had difficulties
recruiting participants due to the COVID-19 pandemic. Participants were compensated
with €8 or, for psychology students, research participation credit. Two participants were
excluded due to technical problems during data collection. The mean age of the sample

was 23.81 years (SD = 7.62), 79% were women, and 91% were students.

4.2.2 Measures

The survey on the computer comprised multiple personality questionnaires in the
MFC format. All were administered in blocks of three items (i.e., triplets) and with full
ranking instructions. Before the first questionnaire, participants were instructed in how to
rank the items within triplets: “On each page, you will be presented with a block of three
statements. Rank these statements according to how well they describe your usual

behavior. Place the statement that describes you best at the top, the statement that
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describes you neither best nor worst in the middle, and the statement that describes you
the least at the bottom.” The instructions were in German, as was the entire survey. The
participants then had the opportunity to practice ranking the items on three example
triplets. After the example triplets, participants filled out an MFC version of the BFI-2
(Danner et al., 2016), an MFC version of the SD3 (Malesza et al., 2019), some triplets

from a pilot study (Wetzel & Frick, 2020; https://osf.io/ft9ud/), the Big Five Triplets

(BFT; Wetzel & Frick, 2020), and the HEXACO-MFC (Wetzel et al., 2024). Only the
BFT and HEXACO-MFC are MFC questionnaires. For the other instruments, we
constructed an MFC version with triplets. Within each questionnaire, the triplets were
presented in a random order. In two questionnaires (BFT and HEXACO-MFC), an
instructed response triplet appeared in a random position. At the end of the questionnaire,
the three self-report items on data quality (Meade & Craig, 2012) were administered. On
the last page of the survey, participants were asked (a) if they felt that they had been
interrupted while completing the survey, and (b) if they wanted to report any incidents

during the experiment.

4.2.3 Analytic Strategy

Survey Data
We preregistered that we would test most of the hypotheses with one-tailed # tests

¢

except the hypotheses on the self-report item “use me” and the instructed response
triplets, which were tested with y? tests. We adjusted the p-values post hoc by applying
the Benjamini-Hochberg (1995) procedure. In C2, participants were excluded if they were

not able to recall at least two aspects of the instructions in the interview. In C3, we used

the items “Did you feel that you had been interrupted?” (yes/no) and “Do you want to
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report any incidents?” (open-ended) as a manipulation check.’ Responses to the open-
ended question were coded by two research assistants as to whether the comment was
related to the planned distractions in the experiment or whether they reported other
problems, such as problems ranking items within blocks or accidentally skipping items.
Participants were excluded in C3 if they indicated that they did not feel that they had been

disturbed and did not report any incidents related to the planned distractions.

Interview Data

The analysis of the interview included several steps: (a) All 430 interviews were
transcribed and read, (b) a coding scheme including frequently mentioned aspects was
prepared, (c) this coding scheme was pretested by three raters and adapted on the basis of
their feedback, (d) all interview transcripts were coded by six raters, () Krippendorff’s
alpha (Krippendorff, 1970) was computed to quantify interrater reliability, (f) the six
ratings were combined (as described in the following), and (g) the ratings were then
descriptively analyzed. The six ratings for each category were combined into a single
rating for each participant in the following way: If four or more raters agreed that the
aspect was mentioned in the interview (i.e., coded as 1), the value 1 was assigned. If three
raters agreed that the aspect was mentioned in the interview and an additional rater was
unsure (i.e., coded as 2) or two raters agreed that the aspect was mentioned in the
interview and two additional raters were unsure, the value 1 was assigned. Otherwise, the
value 0 was assigned. Steps e-g are included in the R-Script (“7_analyses_interviews.R”).

We ran the Thurstonian IRT models in Mplus Version 8.9 (Muthen & Muthen,
2012-2022) and did the remaining analyses in R Version 4.3.3 (R Core Team, 2018). We
used the packages car (Fox & Weisberg, 2019), irrCAC (Gwet, 2019), icr (Staudt &

L’Ecuyer, 2024), multiplex (Ostoic, 2020), MplusAutomation (Hallquist & Wiley, 2018),

9 Deviation from the preregistration: The open-ended question was originally not planned as a manipulation
check.
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MFCblockInfo (Frick, 2021), psych (Revelle, 2021), mice (Buuren & Groothuis-
Oudshoorn, 2011), ggplot2 (Wickham, 2016), gridExtra (Auguie, 2017), and xtable (Dahl
et al., 2019). Moreover, we used two R packages that are available on GitHub. To
compute the careless responding indices in the MFC format, we used CRinMFC (Kupffer
et al., 2022) and to prepare and read out data related to the Thurstonian IRT analyses, we

used TirtAutomation (Frick & Kupffer, 2022).

4.3 Results

In the instructed careless responding condition, 17% of the respondents were
unable to recall the instructions and were therefore excluded from the quantitative
comparison of the experimental conditions. In the distracted responding condition, 24%
of the participants stated that they felt that they had been interrupted while filling out the
questionnaire. In addition, in the open-ended question on the last page of the survey, 6%
reported various types of disturbances during the experiment, such as noise and other
planned distractions. Thus, we excluded a total of 70% of the participants in C3.

Before the main analyses, we performed several preanalyses. First, we plotted the
distributions of all indices in the three conditions in Figure 9. In this figure, the means
and standard deviations are marked with black dots and whiskers. In addition, we used
the Kolmogorov-Smirnov test to test whether the indices were normally distributed for
the three conditions. Finally, Levene’s test was used to test the homoscedasticity of the
planned comparisons between C1 and the two experimental conditions (C2 and C3). The
test results are presented in the Supplemental Online Material (SOM). Both assumptions
(normality and homoscedasticity) were violated for some indices, especially in C2. Thus,
Welch’s ¢ test was used to test the hypotheses because this test is robust even when the

groups differ in size and the variances are unequal (Delacre et al., 2017).
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4.3.1 Survey Data

We compared the average values on the careless responding indices in the three
experimental conditions. Table 12 presents the results for the preregistered hypotheses
comparing C1 with C2, and Table 13 presents the results comparing C1 with C3. Due to
the low expected frequencies for H4 and HS, we used the Fisher-Yates exact test to test
for differences. For the same reason, we were not able to report Cohen’s w or a test
statistic for these tests.

The means/proportions on all the careless responding indices differed
significantly between the control condition (C1) and the instructed careless responding
condition (C2) except for survey completion time. The differences between conditions
were in the expected direction and were large for the self-report items effort (d = 0.99)
and attention (d=0.89), and medium for sameOrder (d=-0.71), triplet variance
(d =0.67), and the consistency score (d = 0.52).

The means/proportions on the careless responding indices did not differ
significantly between the control condition (C1) and the distracted responding condition
(C3) for most indices. The conditions differed significantly on the self-report items
attention (d = 0.71) and use me. Moreover, we found small but nonsignificant differences
between the conditions on the indices longOrderMax (d = 0.43), Mahalanobis distance

(d =-0.29), and consistency score (d = 0.23).
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Figure 9

Violin Plots of the Distributions of the Careless Responding Indices in the Three Conditions
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Table 12

Comparison of Mean Values of Indices in the Control and Instructed Careless Responding Conditions

Mean/percentage Hypothesis Cohen’s d ¢ statistic p Padjusted
No Index Control Instructed CR
condition condition

Hla Survey completion time 18.54 19.31 Cl1>C2 —0.13 -1.02 .847 .887
H2a Self-report effort 4.37 3.36 Cl>C2 0.99 7.85 <.001 <.001
H3a Self-report attention 4.74 3.96 Cl1>C2 0.89 7.08 <.001 <.001
H4a Self-report use me .00 .06 Cl<C2 - - .004 .008
H5a Instructed response triplets 0.01 0.38 Cl<C2 - - <.001 <.001
Héa SameOrder 21 32 Cl<C2 -0.71 —5.65 <.001 <.001
H7a LongOrderMax 2.29 6.13 Cl<C2 -0.39 -3.07 .001 .002
H8a LongOrderAvg 1.22 1.66 Cl<C2 —0.28 -2.23 .014 .026
HO9a Mabhalanobis distance 10.51 18.79 Cl<C2 —0.35 -2.78 .003 .007
Hl10a Consistency score 77 73 Cl1>C2 0.52 4.15 <.001 <.001
Hlla Triplet variance 98 .86 Cl1>C2 0.67 5.33 <.001 <.001
Explorative Response time index .07 .04 -- 0.12 0.98 -- -~

Note. CR = careless responding, the expected frequencies in H4 and H5 were below 5; therefore, Fisher’s exact test was used instead of the y? test. Control condition: n = 140;
instructed careless responding condition: n = 116. C1 = control condition; C2 = instructed careless responding condition. The response time index is reported in an explorative
manner as we did not formulate a hypothesis in the preregistration.



4 Study 2: Evaluating the Careless Responding Indices Under Different Conditions 82

Table 13

Comparison of Mean Values of Indices in the Control and Distracted Responding Conditions

Mean/percentage Hypothesis Cohens d ¢ statistic p Padjusted
No Index Control Distract.ed
condition respor.u.img
condition
H1b Survey completion time 18.54 18.42 C1<C3 0.02 0.12 .546 751
H2b Self-report effort 437 4.42 Cl1>C3 —0.09 —0.50 .691 .845
H3b Self-report attention 4.74 4.36 C1>C3 0.71 4.15 <.001 <.001
H4b Self-report use me .00 1.00 Cl1<C3 - - <.001 <.001
H5b Instructed response triplets 0.01 0.07 Cl1<C3 - - 430 .631
H6b SameOrder 21 .20 Cl<C3 0.15 0.90 815 .887
H7b LongOrderMax 2.29 2.00 Cl<C3 0.43 2.52 .993 .993
H8b LongOrderAvg 1.22 1.20 Cl<C3 0.06 0.34 .633 .819
H9b Mahalanobis distance 10.51 17.69 Cl<C3 -0.29 —-1.68 490 .830
H10b Consistency score 77 .76 C1>C3 0.23 1.32 950 .149
Hl1b Triplet variance 98 .98 C1>C3 —0.12 -0.71 761 .881
Explorative Response time index .07 .09 -- —0.06 —0.36 - -~

Note. CR = careless responding, the expected frequencies in H4 and H5 were below 5; therefore, Fisher’s exact test was used instead of the y? test. Control condition: n = 140;
distracted responding condition: n = 45. C1 = control condition; C3 = distracted responding condition. The response time index is reported in an explorative manner as we did
not formulate a hypothesis in the preregistration.
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Table 14
Categories Obtained From the Oral Interview
No  Questions and categories (conditions) a  %Cl  %C2  %C3
If you were not sure how to answer a question or the whole block (maybe because you did not understand the question or several statements
1 applied equally well to you), how did you proceed? (all conditions)
Selected the item that matched (suited me) best .68 36 13 29
Selected the item that matched (suited me) least 72 16 7 29
Reconsidered the question or thought about it a bit longer Sl 14 5 8
Weighed two items against each other .60 14 4 17
Thought of situations in which the person would (have) behave(d) in this way .84 17 1 12
Copied the presented rank order .83 0 21 1
Answered intuitively .85 15 12 21
Referred to the instructions to answer carelessly .80 - 28 —
Sometimes, while completing long questionnaires like this one, concentration can decrease a little bit over the course of the questionnaire.
2a _ This is quite normal. Did this happen to you? (C1 and C3) .88
Yes, my concentration decreased 32 - 34
Yes, my concentration decreased due to (participant named one of the "planned" distractions) 0 - 7
No, my concentration did not decrease 65 - 58
No, my concentration did not decrease; instead, it increased 3 - 1
If participant responded yes to the previous question: How did you proceed?
If participant responded no: Imagine you felt tired, distracted, or unmotivated while answering the questions and therefore skimmed one
2b  or more blocks of statements instead of reading them completely, how would you proceed to answer the questions? (C1 and C3)
Read the items superficially .61 14 - 13
Read the keywords in items .83 19 - 7
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Read the items again .86 14 - 20
Rank order: random 73 21 - 15
Copied the presented rank order .82 15 - 7
Answered intuitively .87 15 - 11
Referred to negatively worded statements .82 13 - 7

2c  How would you answer the questions so that your lack of concentration would not be very apparent? (C1 and C3)

Answer consistently .89 9 - 5
Vary rank orders (avoid always choosing the same answer) .80 21 - 13
No strategy was mentioned .64 14 — 17

3 How did you carry out the instructions we gave you in the beginning? (C2)

Instructions were hard to realize .61 - 16 -
Read all items 74 - 21 —
Superficially read the items 74 - 31 -
Did not read the items .63 - 11 -
Thought less about the item content .69 - 28 -
Responded more quickly 71 - 39 -
Answered intuitively 71 - 11 —
Rank order: random .63 - 24 -
Copied the presented rank order 78 - 41 —
Mentioned instructed response triplets 92 - 23 -

Note. No = number of interview question. oo = Krippendorf’s alpha. In Question 2a, responses indicating “yes” and those indicating “no” were combined to determine the interrater
reliability.
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An exploratory comparison of the instructed careless responding condition (C2)
and the distracted responding condition (C3) showed differences on most indices (except
for survey completion time and Mahalanobis distance). The differences were all in the
same direction, such that, on average, the indices indicated more careless responding in
C2 than in C3. Differences were large for triplet variance (d = —0.95), the self-report items
effort (d =-1.34) and attention (d =—0.52), sameOrder (d = 1.02), and longOrderMax
(d = 0.58). Differences were medium for longOrderAvg (d = 0.40) and the consistency
score (d =—-0.40). Due to the exploratory nature of these analyses, we did not test for

significance.

4.3.2 Interview Data

In the oral interview conducted after participants completed the survey, all
participants were asked multiple questions (depending on the condition). In Table 14, a
selection of categories is shown for each interview question. Additionally, the proportion
of participants who mentioned the categories are summarized for each condition. In this
part of the analyses, we did not exclude any participants.

In Question 1, all participants were asked how they proceeded when they were not
sure how to answer a question or the whole block. The most frequently mentioned
strategies were: selecting the item that matched best or least, answering intuitively,
weighing two items against each other, and thinking about situations in which the person
would behave in this way. In C2, some participants said that they would copy the
presented rank order and some of them were confused by the question and referred to the
instructions to respond carelessly.

Question 2 was asked only in the interviews in the control and distracted
responding conditions. First, participants were asked whether their concentration

decreased while completing the questionnaire. In both conditions, about one third of the
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participants reported that their concentration decreased. In C3, 7% of the participants
reported that their concentration decreased due to the noise or another planned distraction.
Some participants reported that their concentration increased over the course of the study,
for example, because it became easier to answer the blocks of items as they gained more
experience with the response format. Second, participants who stated that their
concentration decreased were asked how they proceeded; those who reported no loss in
concentration were asked to put themselves into the shoes of someone who got tired,
distracted, or unmotivated while answering the questions and were then asked how they
would proceed. The aspects mentioned most often concerned the reading strategy. Some
participants reported superficial reading of the item content, such as reading only key
words as a strategy; others reported that they read or would read the items again.
Regarding selecting the rank order, some participants stated that they would choose a
random rank order, copy the presented order, or answer intuitively. Finally, participants
were asked how they would answer the questions so that their lack of concentration would
not be apparent. The most frequently mentioned strategies were to vary the rank orders
and to be consistent with previous responses. In both conditions, some participants did
not name a strategy.

Question 3 was asked only in interviews in the instructed careless responding
condition. In the first part of the question, participants were asked to tell the interviewer
the instructions they had received. Participants who were not able to reproduce the
instructions were reminded of essential aspects of it. Four percent of the participants in
C2 did not remember the instructions, whereas the majority (83%) were able to recall two
or more aspects of the instructions. Then, the participants were asked how they carried
out the instructions. The first aspect that most participants mentioned was about their
reading strategy. Most of the participants stated that they used a superficial reading

strategy (e.g., skimming the items, reading key words or parts of the statements), and
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some reported that they did not read the items at all. The second aspect many participants
mentioned was how they proceeded to select the rank orders. Commonly mentioned
strategies were copying the presented order, ranking the items randomly, and responding

quickly.

4.4 Discussion

To further analyze the manifestations of careless responding in questionnaires in
the MFC format and how well the newly developed indices captured careless responding,
we conducted a laboratory study. In this study, participants were randomly assigned to
one of three research conditions in which they completed a long survey on a computer
and a brief oral interview. The laboratory study offered insights into the process of
careless responding and its manifestations in the MFC format. On a descriptive level, we
found that the distributions of the careless responding indices differed strongly between
conditions. The comparisons between the control and instructed careless responding
conditions showed that most indices worked as expected (except for survey completion
time). The comparisons between the control and distracted responding conditions showed
large significant differences on two self-report items and small but nonsignificant
differences on some indices. Unfortunately, the latter comparison was underpowered
because we had to exclude 70% of the participants who failed the manipulation check.
The interview provided insight into the response process when participants were unsure
about how to rank the items, when they were tired, and when they were (instructed to be)
listless. The strategies that participants mentioned when they were instructed to be listless
included reading superficially, choosing a rank order randomly, copying the presented
rank order, or responding quickly.

Some of the findings were not in line with our hypotheses. Our hypotheses about

the survey completion time were not supported. The control condition did not differ from
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the two experimental conditions. A plausible explanation for this finding is that the study
was conducted in a laboratory setting. Perhaps different results would emerge in an online
setting. However, the laboratory setting was necessary for the third condition. In this
condition, we aimed to distract the participants. As mentioned earlier, we were only
partially successful in doing so with a small portion of the participants. This lack of
success could be due to several factors. The distractions were implemented by multiple
research assistants, all of whom followed a standardized plan that we practiced and
piloted extensively. However, people differ in how easily they can be distracted. For 70%
of the sample, the distractions were not strong enough. Nonetheless, it was important for
us to choose distractions that did not seem too extreme or artificial.

The coding of the interview responses comprised several steps. One of the steps
involved adjusting the detailed coding scheme after a pilot phase with three raters.
Additional raters were also trained, and practice ratings were employed. Nevertheless,
their agreement in some categories was not high, and this shortcoming should be
considered when interpreting these categories. However, the qualitative analyses of the
interview data offered valuable insights into the strategies participants used when they
were instructed to respond listlessly to the survey. In Chapter 1.2.1, we presented some
definitions of careless responding used in the literature. One commonly used definition
assumes a response pattern that is independent of the item content. In our study, 11% of
the participants in the instructed careless responding condition stated that they did not
read the items. However, 31% said that they at least skimmed through the items, and 21%
stated that they read the content. Thus, the interview results suggest that participants read
at least some of the item content when responding carelessly.

Study 2 provided a valuable starting point for a thorough investigation of careless
responding and its manifestations. To build on Study 2, we further examined the validity

of the careless responding indices in the MFC format in online samples in Study 3.
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S  Study 3: Examining the Validity of the Careless
Responding Indices in the MFC Format

In Study 2, we experimentally investigated the newly developed indices under
conditions that are assumed to be related to careless responding, and we explored
strategies for responding to MFC questionnaires when respondents are tired, listless, or
unsure about how to rank the items. Thus, Study 2 investigated the validity of the indices
in a controlled setting. The goal of Study 3 was to build on and expand the findings of
Study 2 and to investigate the validity of the indices further. Specifically, Study 3 was
designed to address the convergent, discriminant, and criterion-related validity of the

indices to detect careless responding in the MFC format in an online study.

5.1 Introduction!’

We used indices to detect careless responding in the RS format to determine the
convergent (Research Question 1) and discriminant validity (Research Question 2) of the
MFC indices. The indices used to detect careless responding in the RS format are
described in Chapter 1.2.5. For some indices in the MFC format, an equivalent in the RS
format existed (e.g., longString indices and instructed response item). For the consistency
score and the triplet variance, we computed analogous RS versions. Table 15 presents the

indices and their equivalents.

10 As an introduction to the rationale of Study 3 with the corresponding research questions and hypotheses,
the following paragraphs reference the preregistration. As we already provided a detailed introduction in
the preregistration, the structure and parts of the following introduction are similar to the preregistration.
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Table 15

Careless Responding Indices in Study 3

Kind of index Index in the RS format Index in the MFC format Hypothesis
Response time Survey completion time Survey completion time
Response time index Response time index HI1.1, H2.1
Response LongStringMax LongOrderMax H1.2, H2.2
pattern LongStringAvg LongOrderAvg H1.3,H2.3
Response option variance Triplet variance H1.4,H2.4
- SameOrder
Missing values Missing values H1.5,H2.5
Consistency Psychometric synonyms/antonyms -

Response consistency -
Individual/even-odd consistency --

Consistency score Consistency score HI1.6, H2.6
Attention checks Instructed response item Instructed response triplet ~ H1.7, H2.7
Self-reportitems  Effort -

Attention --

Use me --

Note. H1.1-H1.7 are hypotheses that address the convergent validity and H2.1-2.7 are hypotheses that
address the discriminant validity of the indices. This table is an adaption of Table 1 in the preregistration.

Research Question 1 asked: What is the convergent validity of careless responding
indices in the MFC format with analogous indices in the RS format? We stated seven
hypotheses that addressed the convergent validity of the indices. The last column on the
right in Table 15 indicates whether a hypothesis was formulated for that index (H1.1 to
H1.7). We hypothesized that the indices would be positively correlated with their
counterparts and that these correlations would be at least small.!! Although all of the
indices aim to measure careless responding, most of them measure different
manifestations of it. For example, the response time index captures responses that are
very fast, whereas the triplet variance captures the variability in the response pattern.
Thus, Research Question 2 asked: What is the discriminant validity of careless

responding indices in the MFC format? To investigate discriminant validity, we

' On the basis of Cohen (1988), we defined a small correlation as .10 < |r| < .30, a moderate correlation as
.30 <|r| <.50, and a large correlation as |r| = .50.
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compared whether the indices in the MFC format were more strongly correlated with their
counterparts in the RS format than they were correlated with other indices in the same
response format (i.e., MFC) and other indices in the RS format. We stated in the
preregistration that the hypotheses would be tested if the respective convergent validities
were at least small (»>.10). We did not compare all indices with each other because some
(e.g., longOrderMax, longOrderAvg, sameOrder, and triplet variance) captured the same
response pattern and would therefore be more strongly correlated within the MFC format
than they would be with their counterparts in the RS format. To test the indices’
discriminant validities, we compared the convergent validities with the hypothesized
values. The hypothesized values depended on the index (see the detailed description of
the preregistration and an example in the Method section). For each comparison, we
computed the effect size of the difference ¢ of the Fisher’s-Z-transformed correlations.
We preregistered that we would conclude support for the hypotheses if more than two
thirds of the differences were at least small (e.g., ¢ > .10) according to Cohen (1992).

Some researchers have investigated careless responding as a substantive variable
that is related to personality traits (e.g., Bowling et al., 2016; Dunn et al., 2018; Grau et
al., 2019; McKay et al., 2018; Robinson & Boies, 2021; Ward et al., 2017). Bowling et
al. (2016) used other-reports to assess personality traits and found small negative
relationships between the RS careless responding indices and agreeableness,
conscientiousness, extraversion, and emotional stability. In Study 3, we obtained other-
reports of personality traits and investigated their relationships with the careless
responding indices in the MFC format.

One reason for the occurrence of careless responding in online questionnaires is
low intrinsic motivation in participants (e.g., Maniaci & Rogge, 2014; Meade & Craig,
2012). Maniaci and Rogge (2014) assessed internal and external motivation to participate

with an unvalidated scale and reported no relationships between the careless responding
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indices and internal motivation (e.g., “supporting research,” “gaining insight about

9 ¢¢

myself,” p. 65) or the motivation to get remunerated (e.g., “for money,” “entry into a
lottery,” p. 65), but they found that the two-item boredom subscale (e.g., “to kill time,”
p. 65) had small positive correlations with the instructed response items and consistency
measures in the RS format. Robinson and Boies (2021) assessed participants’ motivation
with the effort/importance subscale from the Intrinsic Motivation Inventory (Ryan, 1982)
and reported a small negative correlation with the Mahalanobis distance measure in the
RS format, a moderate positive correlation with an index counting the number of correctly
responded instructed response items, and a small positive correlation with survey
completion time. To build upon this research, we assessed the motivation to participate
in our study in two ways in the self-report survey. First, we assessed it through an item
that asked about the main motivation for participating in the study, and second, through
the Test Motivation Scale (Sass et al., 2020).
The participants’ level of education was related to the careless responding indices
in RS questionnaires in several studies (e.g., Bowling et al., 2016; Grau et al., 2019;
Maniaci & Rogge, 2014). Grau et al. (2019) reported that education level negatively
predicted an overall careless responding index. Maniaci and Rogge (2014) reported a
small positive relationship between psychometric synonyms/antonyms with number of
years of education and no effect for the longStringMax and instructed response item
indices. In a study by Bowling et al. (2016), GPA showed a small negative relationship
with the response time index. To extend this research, we additionally included an
intelligence test (Hagen Matrices Test-S; Heydasch et al., 2013) as an objective measure
of intelligence.
In Study 3, we used motivation, the Hagen Matrices Test score, education level,
and other-reports of personality traits as criteria to investigate the criterion-related

validity of careless responding indices in the MFC format. Thus, Research Question 3
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asked: What is the criterion-related validity of the careless responding indices in the MFC

format with other-reports of personality traits, motivation, the Hagen Matrices Test
score, and education level? The hypotheses addressing the criterion-related validity
stated that the careless responding indices in the MFC format (response time index,
longOrderMax, longOrderAvg, instructed response triplet, sameOrder, missing values,
triplet variance, and consistency score) would be negatively related to other-reports of
conscientiousness (H3.1), agreeableness (H3.2), and extraversion (H3.4), and positively
related to other-reports of neuroticism (H3.3). Moreover, we hypothesized that the indices
would be negatively related to the main motivation to participate in the study (H3.5), the
Test Motivation Scale (H3.6), the Hagen Matrices Test score (H3.7), and education level
(H3.8). We expected the correlations in H3.1 to H3.8 to be small or moderate, and we
considered Hypotheses H3.1 to H3.8 to be supported if at least half of the tested
correlations were in the expected direction and range.

To further inform the manifestation of careless responding in the MFC format,
we analyzed how many and what kinds of subgroups of respondents existed in our data
and asked in Research Question 4: How many different subgroups of respondents exist?
The prevalence of careless responding varies greatly in the published literature (see
Chapter 1.2.3). There are several factors that have an impact: the operationalization of
careless responding and, thus, the methods and indices used to detect it, the questionnaire
and its characteristics (e.g., the length, number of items per page, and complexity), and
the source of data collection (i.e., which online platform was used). Little is known about
whether or not there are differences between the RS and MFC formats. To our knowledge,
only one study compared the proportions of careless respondents between the two formats
(Lee et al., 2024). In a student sample, the authors compared responses to a self-report
item about data quality (“In your honest opinion, how often did you carelessly respond to

questions in the personality test?”’; Lee et al., 2024, p. 8) that had five response options
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(ranging from never to always). The self-report item was administered after participants
completed an MFC questionnaire including 20 triplets or an RS version. The mean of the
self-report item on the MFC questionnaire version was significantly higher than on the
RS version (Lee et al., 2024). To extend this research, we compared the proportions of
careless respondents as identified by the indices in the MFC and RS formats. And thus,
Research Question 5 asked: What are the proportions of careless respondents identified

by the indices in the MFC and RS formats?

5.2 Method

5.2.1 Samples

We collected data from N = 1,513 participants in the self-report group and
N = 660 participants in the other-report group. We conducted an a priori power simulation
and power analysis to determine the sample size (for details on this simulation, we refer
to the preregistration). All data from participants who completed the self-report survey
were used in the analyses. The other-report data were cleaned for careless responding
with the Response Time Index and LongStringMax, resulting in N = 650 other-reports
(for details on the cleaning procedure, including the cutoff values, see document in the
SOM on OSF). Table 16 presents the demographic information on age, gender, and level
of education. All participants were native English speakers.

Data were collected via two online platforms. On Bilendi & respondi'?
(www.bilendi.co.uk), we collected data from » = 710 participants who all completed the
self-report survey. Bilendi recruited different subsamples from their panel for this round
of data collection. The participants were paid either €2 or €3, depending on the subsample

they belonged to. The decision regarding the different compensation amounts was made

12 For better readability, we will refer to this panel as Bilendi.


https://osf.io/urzfx/?view_only=50f3b4e7e9634bae848e9ecaee520e6b
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by the panel provider. The second platform we used to collect data was Prolific
(www.prolific.com). On Prolific, we collected data from participants who were registered
on the platform with a romantic partner or friend in order to obtain other-reports of
personality traits for a subset of the sample and to test our hypotheses on the relationships
between personality traits and careless responding in the MFC format. Participants who
completed the self-report survey (n = 803) on Prolific were paid £4, and participants who
completed the other-report questionnaire were paid £1.20, as this questionnaire was much

shorter.

Table 16

Online Sample Study 3: Composition and Description

Self-report Self-report Self-report Other-report
sample (total) Bilendi Prolific Prolific

N 1,513 710 803 650
Age (SD) 44.16 (15.59) 48.97 (17.30) 39.87 (12.39) 40.28 (12.89)
Gender: male (%) 46 Sl 40 49
Gender: female (%) .53 48 .58 49
No formal education .02 .03 .02 .02
Secondary education 17 18 .16 .16
Postsecondary education 23 .26 21 23
Undergraduate degree 38 34 41 .38
Postgraduate degree 18 17 18 19
Doctorate .03 .02 .03 .03

Note. Data were collected via two online platforms: Bilendi and Prolific. On Bilendi, all participants
completed the self-report survey. On Prolific, we collected data from participants registered with a
partner or friend to obtain other-reports of personality traits for this subset of the sample.

5.2.2 Measures

The self- and other-reports comprised multiple questionnaires and measures.

Thus, we refer to the complete set of questionnaires and measures as surveys. Participants
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were required to complete all surveys on a PC or laptop, and mobile devices were not

allowed.

Figure 10

Elements of the Self-Report Survey in Study 3

Self-Report Survey

Version 1 Version 2

Information on the study and consent item
Demographic questions

Short version of the Hagen Matrices Test
(Heydasch et al., 2013)

Question regarding the main motivation to participate

RS: Big Five Inventory-2 HEXACO-MFC
(Soto & John, 2017) (Wetzel et al., 2024)

Self-reported attention estimate

HEXACO-MFC RS: Big Five Inventory-2
(Wetzel et al., 2024) (Soto & John, 2017)

Test Motivation Scale (Sass et al., 2020)

RS: Items from the MFC: Big Five

International instructed instructed
response Triplets response

Personality Item Pool item . triplet
(Goldberg et al., 2006) (Wetzel & Frick, 2020)

S RS: Items from the
MFC:_ Big Five instructed International instructed
Triplets response . response

; Personality Iltem Pool i
: triplet y item
(iEEE o ey AU, (Goldberg et al., 2006)

Self-reported attention estimate

Self-report items on data quality (Meade & Craig, 2012)
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Self-Report Survey

Careless responding and some of the criteria were assessed in the self-report
survey. We used two versions of the self-report survey to be able to vary the order of the
personality questionnaires in the MFC and RS formats. Figure 10 presents the items, tests,
and scales in the two self-report versions. Both versions began with demographic
questions followed by the short version of the Hagen Matrices Test (HMT-S; Heydasch
et al., 2013). The reliability of the HMT-S computed with Kuder-Richardson formula
KR20 (Kuder & Richardson, 1937) was .64. Motivation to participate was assessed in
two ways: a question asking the participants about their main motivation to participate
(remuneration, interest, amusement, boredom, or another motivation) and a Test
Motivation Scale (Sass et al., 2020). The reliability of the Test Motivation Scale
computed as omega total was .94. The self-report survey contained a total of four
personality questionnaires'®: two in the MFC format and two in the RS format. In the
MFC format, the Big Five Triplets (BFT; Wetzel & Frick, 2020) and the HEXACO-MFC
(Wetzel et al., 2024) were administered. In the RS format, the Big Five Inventory-2 (BFI-
2; Soto & John, 2017) and different scales from the International Personality Item Pool
(Goldberg et al., 2006) were administered. After the first and after the last personality
questionnaire, the participants were asked to give an estimate of how attentive they had
been. An instructed response triplet and item appeared in random positions in the Big
Five Triplets and the International Personality Item Pool Scale, respectively.
Other-Report Survey

The other-report survey consisted of two personality questionnaires in the RS
format: the BFI-2 (Soto & John, 2017) and the observer-report version of the HEXACO-

60 (Lee & Ashton, 2006). The reliability, computed as omega total for the BFI-2 domains,

13 No reliability estimates are given for the personality questionnaires because these questionnaires were
used to compute the indices to detect careless responding.
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ranged from .90 to .94 (negative emotionality: wy = .94; extraversion: wz = .90; open-
mindedness: w, = .91; agreeableness: w, = .90; and conscientiousness w, = .92) and
from .81 to .90 for the HEXACO domains (honesty-humility: wy = .81; emotionality:
wg = .85; extraversion: wy = .90; agreeableness: w, = .89; conscientiousness: w, =
.8; and openness to experience: w, = .88). Moreover, we assessed demographic

information on age, gender, and level of education.

5.2.3 Analytic Strategy

The careless responding indices in the MFC and RS formats were calculated for
all participants who filled out the self-report version. We recoded the indices self-report
effort, self-report attention, consistency score, and triplet variance so that higher values
on all indices indicated more careless responding. For hypotheses regarding discriminant
validity, we compared the convergent validities with the correlations between the index
and other indices. For example, in Hypothesis 2.1, we stated, “the response time index in
the MFC format shows a stronger positive correlation with the response time index in the
RS format than with the other RS (longStringMax, longStringAvg, response option
variance, missing values, instructed response item) and MFC (longOrderMax,
longOrderAvg, sameOrder, triplet variance, missing values, instructed response triplet,
consistency score) indices.” (p. 4; all hypotheses and formalization of the comparisons
are described in detail in the preregistration). For each of the comparisons, we computed
the effect size of the difference g of the Fisher’s-Z-transformed correlations and tested
whether at least two thirds of the differences were at least small. To investigate how many
different subgroups of respondents existed (Research Question 4), we ran a latent profile
analysis with the indices response time, self-report effort, self-report attention,
consistency score, longOrderMax, longOrderAvg, sameOrder, and triplet variance.

Previous research revealed the existence of two to four subgroups. Therefore, we used
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the BIC and the entropy of the models to determine which of the models (with 2 vs. 3 vs.
4 classes) fit the data best. Research Question 5 was aimed at comparing the proportions
of careless respondents in the MFC and RS formats identified by the indices. We
preregistered that we would compare the proportions of careless respondents as identified
by the following indices: response time indices; response option variance versus triplet
variance; longStringMax versus longOrderMax; longStringAvg versus longOrderAvg;
missing values; consistency scores; and instructed response item versus instructed
response triplet. Natural cutoff values exist for the instructed response item and triplet.
Cutoff values for the proportion of items skipped (i.e., missing values) and the proportion
of items answered too quickly (i.e., response time index) can also be set in a comparable
manner between formats. We conducted a simulation study to identify comparable cutoff
values for the indices response option variance, triplet variance, longStringMax,
longOrderMax, longStringAvg, longOrderAvg, and the two consistency scores. In both
formats, the simulation was based on personality questionnaires with 60 items measuring
five traits. In the MFC format, we used the BFT questionnaire with triplets; in the RS
format, we used the BFI-2 questionnaire with a 5-point RS. Thoughtful responses were
simulated from the Thurstonian IRT model and Graded Response Model (Samejima,
1969). Details on the parameter in the two models are available in the SOM on OSF. We
varied the rate of careless responses in the samples between 5% and 35% in 15% intervals.
For both response formats, three different careless responding patterns were simulated:
random responding (i.e., selecting random rank orders or response options), moderate
repetition of rank orders or response options (i.e., selecting the same rank order or
response option on five consecutive pages), and strong repetition of rank orders or
response options (i.e., selecting the same rank order or response option on all
questionnaire pages). The nine conditions (three rates for the proportion of careless

respondents and three careless responding patterns) were replicated 100 times with a
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sample size of 1,500. In each replication, we applied the cutoff values shown in Table 22
and calculated the Youden-Index (Youden, 1950) for each cutoff value.

We ran the Thurstonian IRT models in Mplus Version 8.9 (Muthen & Muthen,
2012-2022) and computed the remaining analyses in R Version 4.3.3 (R Core Team,
2018). In addition to the packages already listed in Study 2, we used the R packages
careless (Yentes & Wilhelm, 2023), mirt (Chalmers, 2012), lavaan (Rosseel, 2012), and

doParallel (Corporation & Weston, 2020).
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5.3 Results

Table 17 shows the means and standard deviations for the careless responding

indices in the MFC and RS formats. The following sections describe the results of the

preregistered research questions and hypothesis tests.

Table 17

Means and Standard Deviations of the Indices Used to Detect Careless Responding in

the MFC and RS Formats
MFC format RS format

M SD M SD
Response time index .08 0.15 .14 0.23
LongOrderMax/LongStringMax 1.60 1.33 3.78 4.7
LongOrderAvg/LongStringAvg 0.48 0.26 1.84 4.67
SameOrder 17 0.10 -- --
Triplet/Response option variance A2 0.11 .16 0.12
Consistency score 23 0.07 17 0.07
Instructed response triplet/item 0.05 0.21 0.07 0.25
Missing values .02 0.04 .01 0.01
SR-effort 1.27 0.55
SR-attention 1.30 0.58
SR-use me 0.01 0.10

Note. As stated in the preregistration the indices self-report effort, self-report attention, consistency
score (both formats), and triplet variance (both formats) were recoded so that higher values on all
indices indicate stronger careless responding.
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Table 18

Multitrait-Multimethod Correlations of the Careless Responding Indices in the RS and

MFC Formats
Careless responding indices in the MFC format
(1) 2 3) “4) ®) (6) (7
(1) Response
time index -
- (2) Long-
g 51 -
5 OrderMax
[
8 (3) Long-
= 43 (.88) -
2 OrderAvg
5 (4) Triplet
5 44 (.62) (43) -
S variance
g
o) ..
M
£ OMising 17 29 48 -
S values
o
o (6) Consis-
2 .26 .07 .07 11 -.02 -
% tency score
5
(7) IRTriplet .56 42 34 .50 .00 21 -
(8) Same-
34 (.54) (43) (:38) 17 -.02 37
Order
Response
. .76 43 35 .38 —-10 25 .52
time index
S
£  LongString
S Max 23 .33 (:26) (:29) -.03 .06 28
n
% Long
° -
< _
= StringAvg 22 (.32) .26 (:28) .03 .05 28
é Response
E option 25 (:33) (:25) .28 -.03 .09 25
% variance
g
g e ~03  —03 -0l  —05 06 ~04  —03
8 values
2 ist
5 Comsistency ) 11 09 11 -0l 29 21
= score
O
IRItem .54 42 .35 46 .00 27 .62

Note. Convergent validities are shaded in gray. IRTriplet = instructed response triplet. IRItem =

instructed response item. The indices consistency scores, triplet variance, and response option

variance were recoded so that higher values on all indices indicate stronger careless responding.
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5.3.1 Convergent Validity

The first research question was aimed at examining the convergent validity of the
careless responding indices in the MFC format with analogous indices in the RS format.
These correlations are shaded in grey in Table 18. For all indices, except for missing
values, the correlations were at least small. The indices longOrderMax, response time
index, and instructed response triplet showed moderate correlations with their
counterparts. Thus, except for missing values, all hypotheses on convergent validity were

supported.

5.3.2 Discriminant Validity

We assessed the discriminant validity of the indices!* by evaluating whether the
indices in the MFC format showed stronger correlations with their counterparts in the RS
format than with other indices in the MFC and RS formats. For the response pattern
indices (longOrderMax, longOrderAvg, sameOrder, and triplet variance), not all 13
comparisons were drawn because they are very similar to each other. Therefore, these
correlations are presented in parentheses in Table 18. Overall, the response time index in
both formats, the instructed response triplet and item, and the sameOrder index were
moderately correlated with almost all of the indices. The MFC indices response time
index, consistency score, and instructed response triplet showed stronger correlations
with their counterparts in the RS format than with other MFC and RS indices. In total,
half of the preregistered hypotheses (H2.1, H2.6, and H2.7) were supported, and the other
half were not (H2.2, H2.3, and H2.4). A table with the Fisher’s-Z-transformed

correlations is available in the SOM on OSF.

14 As preregistered, hypotheses on discriminant validity were tested only if the convergent validities were
at least small. Thus, our hypothesis about the missing values index was not tested.
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5.3.3 Criterion-Related Validity With Personality Traits, Motivation, Intelligence,

and Education

With the third research question, we sought to examine the criterion-related
validity of the careless responding indices in the MFC format with other-reports of
personality traits, motivation, the Hagen Matrices Test score, and education level. None
of the hypotheses (H3.1-H3.4) on the personality traits were supported, though some
results were consistent with our hypotheses: Higher neuroticism levels were negatively
related to the indices longOrderMax (» = —.12; 95% CI [-.23,—.01]), missing values (r = —
14; 95% CI [-.28, —.01]), and sameOrder (r =-.16; 95% CI [-.23, —.09]). Moreover,
higher extraversion values were positively related to the indices triplet variance (r = .17;
95% CI1[.02, .32]) and consistency score (= .21; 95% CI [.12; .31]). The SOM on OSF
provides additional tables. These include manifest correlations (also with the RS indices)
and further model choices. All criterion-related validity correlations are shown in Table
19. Regarding the relationships between the careless responding indices and participant
motivation (H3.5 — main motivation to participate; H3.6 — Test Motivation Scale), the
results were mixed. Participants reported that their main motivation to participate was
interest (56%), remuneration (29%), amusement (9%), or boredom (2%). We coded the
items as to whether the main motivation was remuneration (1) or one of the other
categories (0) and found no relationship with the careless responding indices that was at
least small. By contrast, all MFC indices, except for missing values, showed small
negative correlations with the Test Motivation Scale. Thus, H3.5 was not supported, but
H3.6 was. Consistent with our hypothesis, the Hagen Matrices Test score was related to
all careless responding indices in the MFC format except for missing values, and thus,
H3.7 was supported. Participants’ educational level is shown in Table 16. In our data, the
indices were not related to the participants’ level of education, and therefore, H3.8 was

not supported.
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Table 19

Criterion-Related Validity of the MFC Indices With Other-Reports of Personality Traits, Motivation, Intelligence and Education Level

Careless responding indices in the MFC format

Criterion Response Long- Long- Triplet Missing Consistency Instructed SameOrder
time index OrderMax OrderAvg variance values score response
triplet
Conscientiousness -.02 .04 -.06 .02 .00 -.09 .03 -.03
[-.11,.07] [-.09, .17] [-.19, .07] [-.14, .17] [-.16, .16] [-.19, .00] [-.07,.12] [-.11,.06]
-.04 .01 .02 -.02 .01 -.02 -.01 .03
Agreeableness
[-.12,.04] [-.12,.13] [-.10, .14] [-.16, .13] [-.14, .16] [-.11,.07] [-.10, .08] [-.05,.11]
.. .07 -12 .04 .10 —.14 -.07 .03 -.16
Neuroticism
[.00, .15] [-.23,-.01] [-.07,.15] [-.03, .23] [-.28,-.01] [-.16,.02] [-.05,.11] [-.23,-.09]
. .00 -.03 .03 17 —.14 21 .01 —11
Extraversion
[-.09, .08] [-.16, .10] [-.09, .16] [.02, .32] [-.30, .01] [.12, .31] [-.09, .10] [-.19,-.03]
. .00 -.07 A1 .05 .00 -.16 -.03 -12
Open—Minded *
PenTAINEECness [-.09, .09] [-.20, .07] [-.03, 24] [.10, 21] [-.16,.17]  [-25,-.06] [-12,.07]  [-21,-.03]
Main Motivation Remuneration —03 =05 —03 —04 01 —09 —07 —03
[-.08, .02] [-.10, .00] [-.08, .02] [-.10, .01] [-.04, .07] [-.15,-.04] [-.12,-.01] [-.08, .02]
Test Motivation Scale -23 -17 -12 —-.16 -.01 -13 -24 =21
[-.28,-.18] [-.22,-.12] [-.17,-.07] [-.21,-11] [-.06, .04] [-.19, -.08] [-.28,-.19] [-.26,-.17]
Hagen Matrices Test -.16 -15 -11 -17 .00 -.14 —-.16 —.14
[-.21,-.11] [-.20,-.10] [-.16,-.06] [-.22,-.12] [-.05,.05] [-.20, -.09] [-.21,-11] [-.19,-.09]
. .06 .05 .05 .06 .01 .03 .04 -.01
Education Level
[.01, .11] [.00, .10] [-.01,.10] [.01, .11] [-.04, .06] [-.02,.09] [-.01,.09] [-.06, .04]

Note. We did not formulate any hypotheses regarding the relationship with open-mindedness. These results are exploratory and therefore marked with an asterisk. As stated
in the preregistration the indices consistency score and triplet variance were recoded so that higher values on all indices indicate stronger careless responding.
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5.3.4 Latent Profile Analysis: Investigating Subgroups of Respondents

We conducted a latent profile analysis with the indices in the MFC format. The
results are presented in Table 20. Only two of the four models converged without
problems. The model fit was comparable between the two models (Model 1: BIC = 9871,
Entropy = .97; Model 2: BIC = 8603, Entropy =.95). In Model 1, respondents were
divided into two classes: The majority of the sample (88%) could be categorized as
thoughtful respondents. The second class consisted of careless respondents who took
about five times longer (than Class 1) to fill out the survey, but they also answered faster
than 2 s/item on 26% of the survey pages, repeated a rank order on average four times in
a row, and copied the presented rank order on 25% of the pages. Model 2 divided the
respondents into three classes: Again, the majority of the sample (83%) could be
identified as thoughtful respondents. The third class consisted of respondents who took a
long time to complete the survey, and the second class was comparable to Class 2 in
Model 1, but without the long survey completion time.

We further analyzed the differences between the classes on variables related to
careless responding, such as intelligence, motivation, and personality traits. We
preregistered that we would analyze the differences in an exploratory manner. Therefore,
in Table 21, we report Cohen’s d as the effect size, but we do not give a test statistic. In
Model 1, the two classes differed moderately (d = 0.50) in the number of matrices they
solved in the HMT-S. The thoughtful Class 1 solved on average one test item more than
Class 2. Moreover, participants in Class 1 had on average higher values (d = 0.75) on the
Test Motivation Scale and were less extraverted (d = —0.20). For Model 2, we compared
the means of all three classes with each other. Again, Class 1 solved more HMT-S items
than Class 2 (d = 0.45), reported higher test motivation (d = 0.80), and were less

extraverted (d = —0.22). Class 3 (compared with Class 1) solved on average fewer HMT-
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S items (d =0.21), reported lower test motivation (d = 0.31), had higher levels of openness
(d =-0.36), and had lower levels of conscientiousness (d = 0.36). Class 3 differed from
Class 2 in that its members had, on average, higher test scores on the HMT-S (d =-0.25),
higher test motivation (d = —0.43), higher levels of openness (d = —0.39) and
agreeableness (d =—0.27), and lower levels of conscientiousness (d = 0.26).

Table 20

Latent Profile Analysis Results

Model 1 Model 2
Index Class 1 Class 2 Class 1 Class 2 Class 3
Proportion .88 A2 .83 13 .04
Class means
Response time in minutes 32 167 31 29 458
Response time index* .06 .26 .06 27 .08
Self-report effort 1.19 1.82 1.70 1.84 1.41
Self-report attention 1.23 1.83 1.21 1.94 1.30
Self-report use me* .00 .06 .00 .05 .02
Consistency score 23 28 23 .29 23
LongOrderMax 1.38 3.24 1.37 3.10 1.52
LongOrderAvg 0.44 0.71 0.45 0.68 0.46
SameOrder .16 25 .16 .25 .16
Triplet variance .10 .30 .10 32 .10
Instructed response triplet*® .01 29 .01 31 .10
Missing values index* .01 .05 .01 .05 .02

Note. Indices marked with an asterisk were not part of the latent profile analysis but were calculated
post hoc. The indices self-report effort, self-report attention, consistency score, and triplet variance were
recoded so that higher values on all indices indicate stronger careless responding.

Relatively early in the study, participants were asked to indicate their main
motivation for participating in our study. Figure 11 shows the responses in the two models
by class. The main motivation for participation in all classes was interest in the study.
Figure 12 shows the proportions for the levels of education in the classes for the two
models. In Model 1, all levels of education were represented in the two classes and the

proportions of each level did not differ much between the classes. The same was true for
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Classes 1 and 2 in Model 2. Class 3 differed from the other two in that it contained a
larger proportion of participants with no formal education, a secondary education, or
postsecondary education. About 75% of the participants fell into one of these categories,
compared with less than 50% in Classes 1 and 2.

Figure 11

Main Motivation to Participate in the Online Study in the Two Models in the Latent
Profile Analysis

Model 1
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o
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Class1 Class2 Class3
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o
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Motivation I 1) Remuneration M 2) Interest M 3) Amusement I 4) Boredom
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Figure 12

Educational Level of Participants in the Online Study in the Two Models in the Latent
Profile Analysis
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Table 21
Exploratory Analyses of the Classes Resulting From the Latent Profile Analysis
Model 1 Model 2
Variable Class 1 Class 2 dycic2 Class 1 Class 2 Class 3 dycic2 dycic3 dycz 3
Age 4439 (15.59)  42.44(15.51) 0.13 4441 (15.65) 4144 (1421)  47.72(17.41) 0.19 021 042
HMT-S 2.98 (1.63) 2.17 (1.59) 0.50 2.99 (1.64) 2.27 (1.59) 2.66 (1.55) 0.45 021 025
Test Motivation Scale 3.70 (0.38) 3.40 (0.48) 0.75 3.71 (0.38) 3.40 (0.49) 3.60 (0.37) 0.80 031 043
Neuroticism ~0.51 (0.86) ~0.59 (0.92) 0.10 ~0.51 (0.86) ~0.58 (0.91) ~0.60 (0.86) 0.08 0.11 0.03
Extraversion 0.12 (0.57) 0.23 (0.55) ~0.20 0.11 (0.57) 0.24 (0.58) 0.17 (0.59) 022 010  0.12
Openness ~0.47 (0.65) 0.48 (0.64) 0.03 ~0.47 (0.65) ~0.50 (0.71) ~0.23 (0.57) 0.05 036 039
Agreeableness 0.25 (0.58) -0.33 (0.59) 0.14 ~0.25 (0.58) ~0.33 (0.59) ~0.16 (0.70) 0.13 0.16 027
Conscientiousness ~0.48 (0.65) ~0.58 (0.73) 0.15 ~0.48 (0.65) ~0.54 (0.65) ~0.72 (0.95) 0.09 0.36 0.26

Note. Information on personality traits stemmed from other-reports. dyq ., represents the effect size Cohen’s d (in this case, for the comparison between Class 1 and Class 2).
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5.3.5 Proportion of Careless Respondents in the MFC and RS Formats as

Measured With the Indices

Cutoff Simulation

In the simulation the proportion of careless respondents did not have a large effect
on the conclusions drawn from the Youden-Index. Therefore, Figure 13 displays only
conditions with 20% careless responding. The detailed results for all indices are available
in the SOM on OSF. In the online tables, a fourth cutoff value was reported for all indices.
This value was intentionally set outside the range where we expect well-performing cutoff
values to lie. The purpose of this fourth value was to serve as a control to determine
whether the Youden-Index can effectively distinguish poor cutoff values from good ones.
Generally, the aim was to determine cutoff values with high Youden-Index values and
little discrepancies between the RS and MFC format. In the conditions where random
responding was modeled, all cutoff values for the indices triplet variance, longOrderMax,
and longOrderAvg and their counterparts showed low values on the Youden-Index. In
conditions where the repetitive forms (moderate or strong) of careless responding were
modeled, the simulation revealed the highest Youden-Index values and smallest
discrepancies between the RS and MFC indices for the following cutoff values: The triplet
and response option variance revealed the best results at cutoff value 1, longOrderMax
and longStringMax at cutoff value 2, and longOrderAvg and longStringAvg at cutoff
value 2. In conditions where random responding was modeled, cutoff value 2 for the
consistency score revealed the best results. In the conditions where the repetitive forms
of careless responding were modeled, the consistency score cutoff values showed large
discrepancies between the formats and, in most cases, lower Youden-Index values for the

RS cutoff values.
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Figure 13

Simulation Results: Youden-Index for Different Cutoff Values for the Indices in the RS (Triangles) and MFC (Squares) Formats
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Table 22

Cutoff Values in the Simulation in Study 3

Index Cutoff 1 Cutoff 2 Cutoff 3
Consistency score (MFC) .70 75 .80
Consistency score (RS) .70 75 .80
LongOrderMax (MFC) 3 4 5
LongStringMax (RS) 9 12 15
LongOrderAvg (MFC) 1.0 1.25 1.75
LongStringAvg (RS) 3.0 3.75 5.25
Triplet variance (MFC) 75 .80 .85
Response option variance (RS) 75 .80 .85

Note. The cutoff values for the MFC format refer to rank orders while the cutoff values for the RS format
refer to items. In the MFC and RS formats, three items were placed on each page. Therefore, the cutoff
values for the RS format seem higher but are comparable.

Proportion of Careless Respondents

The proportions of careless respondents in the MFC and RS formats as measured
with the indices differed significantly on the response time indices, triplet variance versus
response option variance, instructed response item versus triplet, and longOrderMax
versus longStringMax. The proportion of careless respondents as identified by the
longOrderMax index was higher in the MFC format than in the RS format. The remaining
significant differences indicated higher levels of careless responding in the RS format
than in the MFC format. The results are shown in Table 23.

Table 23

Proportions of Careless Respondents in the MFC and RS Formats

Index MFC RS x2 p-value
Response time index .03 .09 78.87 <.001
LongOrderMax vs. longStringMax .04 .01 40.69 <.001
LongOrderAvg vs. longStringAvg .01 .01 0.17 .683
Triplet vs. response option variance .00 .01 4.27 .039
Missing values .00 .00 -- --
Consistency score .00 .01 -- --

Instructed response triplet vs. item .05 .07 24.14 <.001
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5.4 Discussion

The aim of the online study was to thoroughly examine the validity of the indices
in the MFC format. To this end, participants completed a long survey that included
personality questionnaires in the MFC and RS formats and measures of criteria such as
test motivation and intelligence. Convergent validity was established for the indices in
the MFC format for all indices except for missing values. The correlations between the
indices in the MFC format and their counterparts in the RS format were small for
longOrderAvg, triplet variance, and consistency score, and moderate for the response
time index, the instructed response triplet, and longOrderMax. The indices response time
index, consistency score, and instructed response triplet showed higher correlations with
their counterparts in the RS format than with other indices in the MFC or RS formats,
reflecting discriminant validity. Some indices (response time indices, instructed response
triplet and item, and sameOrder) were strongly correlated with all indices. Results for
criterion-related validity were mixed. Although some indices were correlated with the
other-reported personality traits as expected, there was no support for any hypotheses on
personality traits and educational level. The motivation scale and the intelligence measure
were related to the indices in the MFC format as hypothesized. Latent profile analyses
revealed two to three subgroups in our data. The main difference between the two models
was the assignment of slow participants. In Model 1, Class 2 consisted of participants
who took a long time to fill out the questionnaire, but they also responded more quickly,
as expected for careless responders, to a considerable number of items. In Model 3, there
were two careful classes: Class 1 with participants who completed the questionnaire in
the expected time, and Class 3 with participants who took a long time to complete the
survey. The remaining means of the indices were comparable between the two classes
(except for the mean on the instructed response triplet). Exploratory comparisons of the

classes on criteria related to careless responding indicated that participants in the
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additional class differed from the other classes on several criteria, indicating the added
value of this class. A comparison of the proportions of careless respondents as identified
by the indices in the RS and MFC formats indicated smaller proportions of careless
respondents in the MFC format for the indices response time index, triplet variance, and

instructed response triplet.

5.4.1 Unexpected Findings

In general, the results of this online study support the validity of the indices in the
MFC format. Nevertheless, some of the results went counter to our hypotheses. Some
indices in the MFC and RS formats were strongly correlated with all the indices.
Therefore, discriminant validity was not evident for all indices. For example,
longOrderMax was moderately correlated with longStringMax but also with both
response time indices and the instructed response triplet and item. It is not surprising that
those participants who consistently chose the same rank order were faster (or vice versa)
and consequently missed the instructions on how to rank the items. In Study 1, we found
that the missing values index was related to the response time index and all rank order
indices. In the present online study, very few participants skipped items. Therefore, we
did not find this relationship with the remaining indices. The low proportion of missing
values also led to a different result in the latent profile analysis. In Study 1, we found four
latent classes, one of which was a class with a very large proportion of missing values.
The second difference from previous latent profile analyses based on careless responding
indices was that we found only one careless class in both models. Previous studies (e.g.,
Maniaci & Rogge, 2014; Meade & Craig, 2012) have consistently found one careful class
and multiple careless responding classes with different manifestations of careless

responding.



5 Study 3: Examining the Validity of the Careless Responding Indices in the MFC Format 116

Counter to our hypotheses, the indices did not relate consistently to the other-
reported personality traits. It is possible that the relationships were weaker than expected
because the sample may differ selectively. The data collection for self- and other-reports
involved several questionnaires, where both friends or partners had to give their consent
and provide a valid partner ID before the actual data collection could begin. This was a
complex process, as sometimes only one part of the pair or friendship completed the
questionnaires, resulting in many incomplete partner or friend data. The pairs and friends
included in our main analyses were those who fully completed the process. Therefore, it
is possible that this represents a systematically different sample that generally is not very
likely to respond carelessly. Whether there is no, or only a small, relationship between
personality and careless responding in the MFC format should be determined in future

studies.

5.4.2 Limitations

The purpose of the simulation study was to determine cutoff values to compare
proportions of careless respondents between the RS and MFC formats that are comparable
in terms of the balance between sensitivity and specificity. We modeled very extreme
forms of careless responding for varying proportions between participants. Both, the
types of careless responding patterns and the between-person variation in careless
responding, were not very realistic assumptions. However, since our goal was to explore
the comparability of the cutoff values in both formats in marginal conditions, the
simulation was useful. Further simulation studies should explore appropriate cutoff
values for the MFC indices at different proportions of careless responding (both within

and between participants).
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6 General Discussion

The three studies substantiate the presumption made in the introduction that
careless responding cannot be prevented by the characteristics of the MFC format. As
described in detail in Chapter 1.2.2, careless responding can seriously threaten the quality
of the data in RS questionnaires. Therefore, it is important to address it not only in the RS
format but also in questionnaires in the MFC format. Thus, the overarching goals of this
dissertation were to develop indices that are suitable for differentiating between
thoughtful and careless responses in MFC questionnaires and to validate them. This
process involved several steps that were addressed in the three studies. First, we adapted
existing indices from RS questionnaires and created new ones for the MFC format (Study
1). Second, we evaluated these newly developed indices under different conditions and
in various samples to gain insights about different manifestations of careless responding
in MFC questionnaires (Studies 1 to 3), and lastly, we thoroughly investigated the validity
of the careless responding indices in the MFC format (Studies 2 and 3).

In the following sections, the main findings from the three studies are summarized.
First, various evaluation approaches applied throughout the studies are discussed. Next,
a summary of the performance of the indices developed for detecting careless responding
in MFC questionnaires across different analyses in the three studies are provided.
Subsequently, findings on the prevalence of careless responding in the three studies are
summarized. Finally, the broader implications of the results are explored, particularly in

relation to how they inform the definition of careless responding.
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6.1 Summary of the Main Findings

6.1.1 Methods and Analyses for Evaluating and Validating the Indices

To evaluate the indices designed to detect careless responding in MFC
questionnaires, we employed several methods and analyses in the three studies. We
investigated whether the newly developed indices converged with one another and with
their corresponding counterparts in the RS format. Additionally, we thoroughly
investigated the construct validity of the indices. For convergent validity, we compared
the indices with their counterparts in the RS format, whereas for discriminant validity, we
analyzed whether the indices in the MFC format showed stronger correlations with their
RS counterparts than they did with other indices in the MFC format or with other indices
in the RS format. To assess criterion-related validity, we examined the relationships
between the indices and constructs related to careless responding in the RS format.
Moreover, we examined how experimental manipulations impacted the indices and tested
whether the newly developed indices worked as intended in situations that are related to
careless responding (e.g., being listless or distracted). Additionally, we conducted latent
profile analyses to investigate how careless responding manifests across the indices,
identifying potential latent classes with similar response patterns. These analyses helped
us determine whether there were distinct groups of participants who scored high on
certain indices but low or average on others and allowed us to explore how many
subgroups of respondents exist. In a simulation, we assessed whether the indices worked
as conceptually intended, specifically examining the effects of different proportions and
three types of careless responding on the indices’ performances. Lastly, we conducted
oral interviews with the participants to ask them how they respond when they feel tired,
listless, or distracted, thus providing qualitative insights into the nature of careless

responding in the MFC format.
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6.1.2 Performance of the Newly Developed Indices in the Three Studies

In this dissertation, we used different methods for detecting careless responding
as described in Chapter 1.2.5: items and triplets specifically inserted into the
questionnaire to detect careless responding and unobtrusive indices that were computed
post hoc. More specifically, we used the self-report items on data quality developed by
Meade and Craig (2012) and assessed them at the end of three studies. Moreover, we
created instructed response triplets and administered them along with the questionnaires
in the three studies. As post hoc indices, we developed different kinds of indices that
made use of participants’ response times (i.e., survey completion time and response time
index), response patterns (i.e., longOrderMax, longOrderAvg, and sameOrder), and
variances (i.e., triplet variance) as well as the consistency of their responses (i.e.,
Mahalanobis distance, consistency score).

Self-Report Items on Data Quality

The three self-report items proposed by Meade and Craig (2012) were assessed in
the end of all three studies. Of the three self-report items, the effort item showed the
highest correlation with the remaining indices in Study 1, whereas the dichotomous use
me item showed the lowest. In the latent profile analyses conducted in Studies 1 and 3,
the effort and attention items were used along with other indices to assign the participants
to the classes, and use me was calculated post hoc. The interpretation of the means of the
self-report items in the resulting classes was aligned with the interpretations of the
remaining indices. In the experiment in Study 2, in the comparison of the control
condition and the instructed careless responding condition, all three items worked as
expected. The participants indicated lower effort and attention in the instructed careless
responding condition and more often indicated that they would not recommend that we

use their data for our analyses (the use me item). In the comparison between the control
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condition and the distracted careless responding condition, the use me and attention items
were the only two indices that showed significant differences between the conditions.
Instructed Response Triplet

In Study 1, the instructed response triplet was correlated with almost all the
indices. In the latent profile analysis, it served as a post hoc evaluation of the classes: The
index was not part of the model that was used to assign the classes but was calculated
post hoc, and the interpretation was aligned with the interpretation of the remaining
indices. In the control condition in Study 2, almost all participants responded correctly to
the two instructed response triplets, whereas in the instructed careless responding
condition, the proportion of participants who responded incorrectly to one or both
instructed response triplets was significantly higher. In the oral interview, 23% of the
participants in the instructed careless responding condition mentioned the instructed
response triplets. Thus, although they responded listlessly because they were instructed
to do so, they saw the instructed response triplets. The analyses in Study 3 supported the
convergent and discriminant validity of the instructed response triplet. Moreover, the
index was negatively related to the Hagen Matrices Test score and the Test Motivation
Scale. Thus, participants who did not respond correctly to the instructed response items
also indicated lower test motivation and solved fewer matrices correctly.
Survey Completion Time

In Study 1, survey completion time was negatively correlated with most indices,
but these correlations were weaker than the correlations with the response time index. In
the latent profile analyses conducted in Studies 1 and 3, survey completion time was used
along with other indices to assign the participants to the classes. In Study 3, the survey
completion times contradicted the interpretation of the response time index in Model 1.
In the other models, they were in line with the interpretation of the other careless

responding indices. In Study 2, the response times in the experimental conditions did not
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differ from those in the control condition, although 39% of the participants in the
instructed careless responding condition mentioned that they responded more quickly.
Taken together, survey completion time did not perform as well as the other indices.
Response Time Index

The response time index was not preregistered in Studies 1 and 2 because we
originally formulated hypotheses only for the response time. In Study 1, we decided to
include the response time index in all analyses in an exploratory manner. In the
preregistration of Study 3, we included the index, as it had additional value in all analyses
in Study 1. In Study 1, the response time index was correlated with most indices. In the
latent profile analyses in Studies 1 and 3, the response time index was originally not part
of the model for class assignment but was calculated afterwards and was aligned with the
interpretations of the other indices. In Study 2, the index was not included in the analyses,
as we had not preregistered any hypotheses on group comparisons involving this index.
The analyses in Study 3 supported the convergent and discriminant validity of the
response time index. Additionally, criterion-related validity was established with the
Hagen Matrices Test and the Test Motivation Scale.
Response Pattern Indices

The correlations between the response pattern indices longOrderMax,
longOrderAvg, sameOrder, and triplet variance were moderate to large. Moreover, the
response pattern indices were correlated with some of the other indices, except for the
triplet variance index, which was correlated with almost all indices. In the latent profile
analysis in Study 1, the response pattern indices identified a class of respondents who
very often repeated the same rank order, very often used the rank order 1-2-3, and thus,
had low variances in their responses. In the simulation in Study 1, the response pattern
indices worked as conceptually intended. Whereas the indices longOrderMax,

longOrderAvg, and triplet variance were not able to identify random responses, they
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captured strong repetition of rank orders best. In Study 2, the comparison between the
control condition and the instructed careless responding condition revealed that all four
response pattern indices performed as expected, with lower values on average on
sameOrder and triplet variance and higher values on average on longOrderMax and
longOrderAvg in the instructed careless responding condition. In Study 3, we found
support for the convergent validity of the response pattern indices and their relationships
with some criteria, such as the Hagen Matrices Test, the Test Motivation Scale, and some
other-reported personality traits, but we found no evidence for discriminant validity.
Mahalanobis Distance

In Study 1, the Mahalanobis distance index was related to only some indices, and
these correlations were small. In the simulation, the index did not work as conceptually
intended. In Study 2, the experimental conditions differed from the control condition on
the Mahalanobis distance, and this difference was significant for the comparison between
the control and the instructed careless responding conditions. Due to the mixed results in
the first studies, we decided not to investigate the validity of this index any further in the
third study.
Consistency Score

In Study 1, the consistency score was only weakly correlated with some of the
remaining indices. In the latent profile analyses in both studies, the consistency score was
aligned with the interpretation of the remaining indices. In the simulation, the index
worked as conceptually intended. With increasing proportions of careless responding, the
consistency score decreased for all simulated careless responding types. Like most of the
indices in Study 2, the difference between the control condition and the instructed careless
responding condition was significant, with less consistency in the experimental condition.

The analyses in Study 3 supported the convergent and discriminant validity of the
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consistency score. Moreover, the index was negatively associated with the Hagen
Matrices Test score, the Test Motivation Scale, and some other-reported personality traits.
Missing Values

The missing values index was used in the data analyses in Study 1 due to a large
percentage of participants skipping items in the online study. In the latent profile analysis
in Study 1, one class of participants had a high rate of missing values. In the laboratory
study, we instructed the participants to respond to all items, and we did not compute any
analyses involving the missing values index. In Study 3, we preregistered hypotheses on
the index because we again used online samples. However, there were very few missing

values overall, and none of the hypotheses about this index were supported.

6.1.3 Prevalence of Careless Responding in MFC Questionnaires

Across the studies, we observed varying levels of careless responding. In Study 1,
the prevalence of careless responding ranged from 1% to 10% of the sample, depending
on the indices and cutoff values that were used. In the comparison of the first and last
questionnaires in the first online study, most indices indicated an increase in the
proportion of careless respondents as the study progressed. Subgroups interpreted as
careless responders on the basis of their values on the indices comprised 24% of the
sample in Model 3 of Study 1 and 13% in Model 2 of Study 3. In Study 3, the proportions
of careless responding were compared between the RS and MFC formats. On the response
time index, instructed response triplet, and triplet variance, the proportion of careless
responders was higher in the RS format than in the MFC format, whereas for other
indices, the proportions were comparable, and for longOrderMax, the proportion of

careless responders was higher in the MFC format.
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6.1.4 Definition of Careless Responding in MFC Questionnaires

In Chapter 1.2.1, we defined careless responding as a response behavior in
psychological questionnaires where participants provide an answer without considering
part (or any) of the content of the items (e.g., Nichols et al., 1989). We furthermore stated
that we do not assume that careless responses are totally content-independent, but we
assume that the resulting responses can manifest themselves in different forms or to
different extents. The definition was based on the knowledge gathered from studies
investigating careless responding in RS questionnaires. How can the definition be updated
on the basis of the results from the three studies in this dissertation?

We found evidence that the degree to which participants responded carelessly
differed between participants but also within participants. Participants were assigned to
different classes of the latent profile analysis in Study 1. These classes differed in the
magnitude and the kind of careless responding they engaged in and thus showed
differences between participants. However, the increasing proportion of careless
responding throughout the course of the study suggests that variations also occurred
within participants, as individuals became more prone to careless responding as the study
progressed.

Tourangeau et al. (2000; as cited in Podsakoff et al., 2003) defined five stages of
how participants answered the questions in a questionnaire: comprehension
(understanding what the question is asking), retrieval (recalling relevant information from
memory), judgment (integrating the retrieved information), response selection (deciding
how the answer maps onto the scale or response options provided), and response reporting
(selecting the response option in the questionnaire). In the MFC format, the judgment
stage also included weighing the items against each other (Sass et al., 2020). Through the
interview in Study 2, we gained valuable insights into the response process by asking

participants how they would respond if they were unsure about how to rank the items, if
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they were tired, and if they were feeling listless (or instructed to do so). In all situations
(unsure how to rank the items, tired, and listless), participants indicated that they
answered intuitively. What this finding specifically means for the response process is
prone to some speculation. However, it could suggest a lack of deep processing or
thinking about the items. In the second condition, participants indicated that they followed
the instructions by not reading the items at all, although only a small portion of
participants gave this explanation. The majority reported that they skimmed or
superficially read the item content before responding. This answer suggests that whereas
participants did take the item content into account to some extent, their response process
differed from the thorough and conscientious approach described above.

Krosnick (1991) postulated that participants shift their response strategies while
completing long questionnaires: from an optimal response behavior (i.e., optimizing) to
less optimal strategies (weak and strong satisficing). The strategies differ in the depth to
which the stages in the response process are passed through from going through all steps
of the response process thoroughly to skipping major steps (retrieval and judgment) in
the response process (Krosnick, 1991). He described the two extremes—optimizing and
strong satisficing—as anchoring points on a continuum. Participants shift along this
continuum during the course of long surveys (Krosnick, 1991). Careless responding can
be understood as a response behavior that is even more extreme than strong satisficing,
as even now the respondents skip the stage of comprehension (e.g., Voss, 2024).
However, the idea that individuals are not located exclusively at one point on this
continuum but switch between different states is aligned with the definition provided by
Maniaci and Rogge (2014). This idea suggests that respondents may fluctuate between
different response behaviors depending, for example, on the situation, the length of the
questionnaire, and their motivation. Regarding the question of whether careless

responding is to some extent a trait, we were unable to find enough evidence in the data.
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In Study 3, there were only small and sometimes no correlations between the careless
responding indices and other-reported personality traits. Nevertheless, a different

longitudinal data set and analysis would be required to properly address this question.

6.2 Limitations and Further Directions

The research conducted in this dissertation provides valuable insights into careless
responding in the MFC format, but certain limitations must be acknowledged. For one,
all MFC questionnaires contained triplets and full ranking instructions. For other variants
of the MFC format, slight modifications to the careless responding indices may be
necessary. And as a next step, future studies are needed to determine the extent to which
the results of the three studies in this dissertation can be applied to other variants of the
MFC format. Moreover, we used only one type of instructed response triplet that had
instructions on all three items on where to place the items. The results of the laboratory
study suggested that the participants who were instructed to respond carelessly did
respond incorrectly to the instructed response triplets more often on average, but some
participants noticed these triplets and mentioned them in the oral interview. Future
research should investigate how variations of the index perform. For example, one
variation could involve instructing participants where to place only one out of three items
in the block, while the remaining two items would function as regular questionnaire items.
Post hoc indices have the advantage of being unobtrusive to participants. By contrast,
instructed response triplets can sometimes unsettle honest responders or give them the
impression they are being “monitored.” On the other hand, a benefit of using these kinds
of items that are noticeable when administered along with the questionnaire is that some
platforms allow researchers to withhold payment if participants fail these checks, thus

enhancing face validity and acceptance.
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6.2.1 Index-Based Detection of Careless Responding and Alternatives

Most of the developed indices we administered were post hoc indices for detecting
careless responding. Detecting careless responding with indices has numerous
advantages, and thus a large body of research is dedicated to this topic (see Chapter 1.2).
However, index-based detection of careless responding also comes with some
disadvantages. For one, most indices do not have natural cutoff values, and thus, the
choice of cutoff values for determining what constitutes careless responding can be
arbitrary. Therefore, in Studies 1 and 3, simulation studies were conducted to determine
cutoff values for some of the indices. In these simulations, careless responding was
manipulated as a variable that differed between participants. However, as already
discussed above, we found evidence that careless responding can also be a state. Thus,
this research would be greatly enhanced by simulation studies that simulate varying levels
of carelessness within participants and further evaluate the cutoffs for sensitivity and
specificity.

Another challenge and open question is how to integrate the results of multiple
indices into a single decision. Should certain indices be given more weight than others?
How should researchers proceed when individuals are flagged as careless on one index
but not on another? Moreover, once respondents are flagged as careless, there are no clear
rules for how to handle their responses. Listwise deletion is one option, but it reduces
statistical power, and sometimes it is not necessary to discard all respondent data (Curran,
2016). These questions can and should be addressed in future simulation studies
investigating careless responding in the MFC format. Such studies should explore cutoff
values for the newly developed MFC indices across different proportions of careless
responding (both within and between participants) and work toward establishing clear

decision rules for integrating results involving multiple indices.
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In recent years, researchers have proposed models in which careless responding
is modeled along with the constructs of interest (e.g., Jin et al., 2018; Liu et al., 2020;
Peng et al., 2024; Ulitzsch et al., 2022). For example, Ulitzsch et al. (2022) used the
information gained from response times to model and identify careless responding in a
data set originating from the Programme for International Student Assessment (PISA).
Different approaches of incorporating response times into the model were used, among
them item level information that allowed researchers to detect careless responding as a
state (Ulitzsch et al., 2022). The proportions of careless respondents detected by the
mixture IRT models differed from the multiple hurdle approach applied by the authors to
the same data set, such that fewer participants were flagged in the model-based approach
(Ulitzsch et al., 2022). For the MFC format, Peng et al. (2024) presented a mixture IRT
model to account for different forms of careless responding. In their model, the mixture
process included three different kinds of responses: in accordance with the Thurstonian
IRT model (thoughtful responding), completely random responses that resulted from not
reading the items and resulting in responses with a probability at chance level, and
incompletely random responding that resulted from situations in which participants were
indecisive as modeled by a guessing parameter (Peng et al., 2024). The results of the
laboratory study (Study 2) suggested that a certain process of guessing may occur when
participants are indecisive because two statements apply equally well or equally poorly.
Further research needs to be conducted to determine whether this process can be modeled
with a guessing parameter and if ignoring the local dependencies within item blocks is
appropriate. Moreover, the findings from the three studies showed that careless
responding is not only manifested in random answers. Thus, model-based approaches for
modeling careless and thoughtful responding in the MFC format should also take other

manifestations into account.
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Despite the promising advantages of not having to apply cutoff values and gaining
additional insights into the level of carelessness along with parameter estimates (e.g.,
Ulitzsch et al., 2022), model-based approaches also have their downsides. One drawback
is that these models are complex and computationally demanding (as discussed by
Ulitzsch et al., 2022), thus rendering them less useful for practitioners who are primarily
interested in efficiently cleaning their data. Moreover, especially regarding the model-
based approach for the MFC format proposed by Peng et al. (2024), further research is
needed to investigate whether the strong assumptions made in the careless responding
processes of the mixture model are justifiable. Moreover, important preconditions for
integrating careless responding indices into models are the validation of the indices and
understanding the manifestations and mechanisms of careless responding.

Another alternative to applying cutoff values to the careless responding indices is
a probabilistic filtering approach proposed by Ulitzsch et al. (2023). In this approach, the
uncertainty in the classification of participants in careless and thoughtful participants is
taken into account (Ulitzsch et al., 2023). In the first step of this procedure, the plausibility
of careless response behavior is determined, and then in the second step, these careless
responses are given less weight than the thoughtful responses in the estimation of the
parameters (Ulitzsch et al., 2023). Thus, the need to apply cutoff values is avoided, and
participants flagged as careless do not need to be removed from the data. Instead, they
become less weight in the parameter estimation process. The benefit of this approach in
the MFC format compared with the use of cutoff values should be determined in future
research.

To conclude, the use of indices developed for detecting careless responding has
several advantages. For one, they are easy to implement and user-friendly, making them
accessible to various applications and researchers who might not have deep knowledge

of statistical models. In addition, they can capture different forms of careless response
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behavior, for example, participants who respond too quickly and others who respond
inconsistently. However, establishing appropriate cutoff values or alternative methods is
essential for distinguishing between careless and thoughtful responses in the MFC format.

In doing so, it is crucial to model careless responding also as a state.

6.2.2 Preventing Careless Responding

Another approach for addressing careless responding is to focus on its prevention
(for an overview, see Ward & Meade, 2023). Several studies have successfully reduced
careless responding by manipulating different aspects of the survey process. For example,
Huang et al. (2012) implemented a strategy where participants were warned that methods
would be used to detect careless responses, and any such behavior could result in the loss
of credits. Additionally, Ward and Meade (2018) employed two methods designed to
induce cognitive dissonance in participants, methods that also contributed to a decrease
in careless responding. In a study by Gibson and Bowling (2020), both the threat of
punishment and the promise of additional rewards were effective in reducing careless
behavior. However, not all attempts have been successful—Meade and Craig (2012) did
not find differences in careless responding when participants were warned, and Ward and
Meade (2018) did not find a significant reduction in careless responding by using
personalized or video instructions at the start of the study. These findings suggest that,
whereas certain strategies may mitigate careless responding, others may be less effective.

Online proctoring has emerged as a valuable tool in educational testing,
particularly for administering remote assessments (e.g., Nigam et al., 2021). Online
proctoring systems utilize various virtual tools to monitor test-takers’ activities, such as
tracking tab changes, recording timestamps, and detecting background noise (e.g., Nigam
et al., 2021). According to Hussein et al. (2020), there are three main types of online

proctoring: live proctoring, where a human proctor supervises in real time; recorded
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proctoring, in which sessions are recorded and reviewed later by a human proctor; and
automated proctoring, which uses artificial intelligence to flag suspicious behavior for
human review. Despite its advantages, online proctoring presents challenges related to
privacy concerns, data protection (e.g., Khalil et al., 2022), and high costs for
implementation (e.g., Li et al., 2021).

Francavilla et al. (2019) experimentally investigated the effects of proctoring on the
prevention of careless responding. In this study, the authors compared three conditions:
remote online un-proctored, remote online virtually proctored, and in-person classroom
proctored settings. The results did not reveal a clear advantage for proctoring in reducing
careless responding across the different conditions (Francavilla et al., 2019). In the online
proctored condition, a moving image of a person’s head and shoulders was displayed in
the corner of the screen, providing feedback on the progress of the exam, such as how
many questions had been answered, whereas the in-person proctor moved around the
room as participants completed their questionnaires (Francavilla et al., 2019). However,
the authors did not explore essential aspects of online proctoring, such as the online
presence of a live human proctor overseeing the session or the use of video recordings to
review the test-taker’s behavior post hoc. Thus, future studies should explore additional
features of online proctoring to assess their effectiveness in preventing careless
responding. For instance, it may be beneficial to ask participants to continue the test in a
quieter environment if loud background noise is detected. Another useful feature could
be restricting participants from switching between applications when answering the
questionnaire.

However, it is not yet possible to completely prevent careless responding in online
surveys. Therefore, validated tools for detecting and handling careless responding in the

RS and MFC formats are indispensable.
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6.3 Conclusion

In the three studies in this dissertation, we thoroughly investigated careless
responding in MFC questionnaires. We adapted existing indices from RS questionnaires
and created new ones for the MFC format. We evaluated them under different conditions
and in various samples to gain insights about different manifestations of careless
responding in MFC questionnaires. Moreover, we tested the validity of the careless
responding indices in the MFC format.

All studies in this dissertation were preregistered before the data were analyzed.
The data and the code used for the analyses are available online, ensuring transparency
and reproducibility. Additionally, an R package containing functions for calculating the
indices has been made available on GitHub. Researchers and practitioners can easily
download and use the functions, as well as extend them for their own purposes.

In all samples analyzed in the present dissertation, careless responding was
evident according to the indices in the MFC format. The indices captured different types
of careless responding behavior. Overall, the indices performed well, with some
outperforming others. The instructed response triplet, response time index, and
consistency score demonstrated strong performance across all analyses, showing
convergent and discriminant validity and relating to some of the assessed criteria. The
response pattern indices longOrderMax, sameOrder, and triplet variance also performed
well, showing convergent validity and relating to some criteria. Some of them showed
lower correlations with other careless responding indices, thus pointing to the key finding
that they capture different types of response patterns. Not all respondents engaged in
careless responding to the same extent, and even those who responded carelessly to
similar degrees still exhibited different patterns—some repeated the same or a few
response options frequently, others showed low consistency, whereas still others

responded very quickly.



6 General Discussion 133

It is essential to address careless responding not only in RS questionnaires but also
in questionnaires in the MFC format. This dissertation serves as a starting point for
investigating careless responding in MFC questionnaires. However, the findings need to
be examined further in additional studies. Functions for calculating the indices in the
MEC format are available on GitHub, but further research is needed to better understand

and address careless responding in the MFC format.
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