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Abstract

People are more inclined to believe that information is true if they have encountered it before. Little is known about whether
this illusory truth effect is influenced by individual differences in cognition. In seven studies (combined N = 2,196), using both
trivia statements (Studies 1-6) and partisan news headlines (Study 7), we investigate moderation by three factors that have
been shown to play a critical role in epistemic processes: cognitive ability (Studies 1, 2, 5), need for cognitive closure (Study 1), and
cognitive style, that is, reliance on intuitive versus analytic thinking (Studies |, 3-7). All studies showed a significant illusory
truth effect, but there was no evidence for moderation by any of the cognitive measures across studies. These results indicate
that the illusory truth effect is robust to individual differences in cognitive ability, need for cognitive closure, and cognitive

style.
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Introduction

Throughout human history, communicators, including politi-
cians and public influencers, have often deliberately repeated
assertions to make them more believable (Hertwig,
Gigerenzer, & Hoffrage, 1997). Although this strategy was
already applied long before the birth of the field of psychol-
ogy, psychological research has provided strong evidence
that people tend to believe information more if it has been
previously encountered. In their seminal work on this so-
called “illusory truth effect,” Hasher, Goldstein, and
Toppino’s (1977) participants rated the truth of various trivia
statements. On three successive occasions with 2-week inter-
vals, this task was repeated with a list of statements consist-
ing of both repeated (i.c., present at the first rating) and new
statements. Over time, statements that were repeated were
more likely to be considered true compared with new state-
ments. Since Hasher and colleagues’ original experiment,
numerous studies have replicated the illusory truth effect
(see the quantitative meta-analysis by Dechéne, Stahl,
Hansen, & Winke, 2010).

The most widely accepted explanation of the illusory
truth effect relies on processing fluency (Dechéne et al.,
2010; Unkelbach & Greifeneder, 2013), referring to the

metacognitive experience of the ease with which people pro-
cess information (see Alter & Oppenheimer, 2009). Repeated
statements are processed more fluently, and this experience
of fluency in turn is used as a cue to infer validity (Begg,
Anas, & Farinacci, 1992; Unkelbach, 2007). In their over-
view, Alter and Oppenheimer (2009) provided evidence that
different variations of fluency manipulations have similar
effects on human judgment. Accordingly, besides repetition,
different manipulations of fluency, such as conceptual flu-
ency (e.g., semantic priming; Kelley & Lindsay, 1993), per-
ceptual fluency (e.g., contrast; Reber & Schwarz, 1999), and
linguistic fluency (e.g., thyming; McGlone & Tofighbakhsh,
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2000) also evoke the tendency to judge information as being
true. In addition, by demonstrating that the perirhinal cortex,
which is associated with fluency, showed increased activity
with truth ratings for repeated, but not for new, statements,
Wang, Brashier, Wing, Marsh, and Cabeza (2016) provided
neurological evidence for the role of processing fluency on
the illusory truth effect.

Compatible with this dominant processing fluency
explanation, Unkelbach and Rom (2017) recently intro-
duced a referential theory to further explain the illusory
truth effect. The theory holds that, when an individual pro-
cesses information (e.g., Van Gogh painted Starry Night in
Saint-Rémy), the corresponding references that provide
meaning to the different elements (e.g., Van Gogh, Starry
Night, Saint-Rémy), and their coherence constitute a local-
ized information network in memory. According to this per-
spective, the judged truth of a particular statement is
informed by both the availability of these corresponding
references and their coherence. Confronted with the task to
judge the validity of certain statements, repeated statements
have, according to this account, already formed more
coherently linked corresponding references due to prior
processing, and have consequently a higher probability to
be judged as true compared with new statements.

Given the intellectual capabilities of the human mind,
the observation that exposure to information enhances the
subjective truth of that information is striking. Not surpris-
ingly, the illusory truth effect and its underlying mecha-
nisms have received a lot of research attention (Dechéne
et al., 2010). However, it remains unclear whether this
effect is moderated by individual differences. As argued by
Underwood (1975), the incorporation of an individual dif-
ferences perspective advances psychological theorizing.
Indeed, understanding which variables are and which are
not related to the illusory truth effect will deepen our under-
standing on this important phenomenon. Here, we investi-
gate the influence of three variables on repetition-induced
truth that have already demonstrated their substantial
impact on human judgment and decision making in other
domains: cognitive ability (cf. intelligence), need for cog-
nitive closure (NFC), and cognitive styles.

Cognitive Ability

According to both the referential theory and fluency expla-
nation of the illusory truth effect, it is essential that the pre-
sented information is appropriately processed when it is first
encountered, otherwise a localized information network will
not emerge in memory, and the information will not be pro-
cessed more fluently at the second encounter. In one of their
experiments, Unkelbach and Rom (2017; Study 3) provided
evidence for the role of encoding depth, by showing that
experimental manipulations of encoding depth are posi-
tively related to the effect size of the illusory truth effect.
Consequently, one might expect that individual differences

in information processing capacity, which presumably facil-
itate encoding depth, are therefore also positively related to
the illusory truth effect. There is consensus that information
processing operates through the individual’s working mem-
ory (see, for example, Anderson, 1996; Hunt, 2011), which
is highly positively related to general intelligence (Conway,
Jarrold, Kane, Miyake, & Towse, 2007; Kyllonen, 1996).
In addition to adequately processing information, it is also
essential that no information gets lost, that is, that memory
remains intact over time (Unkelbach and Rom, 2017, see
also Garcia-Marques, Silva, Reber, & Unkelbach, 2015).
In their delineation of the illusory truth effect, Dechéne
et al. (2010) argued, “By definition, the repetition-based
truth effect is mediated by memory processes” (p. 239).
Similar to information processing capacity, the ability to
maintain information in memory and fluently use it later in
the process of thinking is highly associated with general
intelligence (see, for example, McGrew, 2005). Building
on this research, one might expect that general cognitive
ability (i.e., intelligence) should be positively related to the
illusory truth effect.

NFC

Whereas cognitive ability may be associated with the abil-
ity to form coherently linked corresponding references in
memory when first encountered, and subsequently process-
ing information more fluently when encountered again later
on, the individual’s NFC may be associated with the moti-
vation to use this information in the decision process. The
NFC concept derives from Kruglanski’s (1980) theory of
lay epistemology and is defined as individuals’ desire for
firm answers to questions, and aversion toward ambiguity
(Kruglanski & Webster, 1996). The motivation to obtain
epistemic security plays an important role in knowledge
formation and judgments processes (for an overview, see
Roets, Kruglanski, Kossowska, Pierro, & Hong, 2015).
Although situational forces such as fatigue can temporally
impact the NFC, individuals show reliable differences in
their dispositional NFC levels (Roets & Van Hiel, 2007,
Webster & Kruglanski, 1994). In cases where closure is
lacking, people high in dispositional NFC show elevated
levels of both physiological and self-reported distress
(Roets & Van Hiel, 2008). Theoretically, NFC instills the
tendency to seize quickly on information that promises clo-
sure, and to freeze on acquired knowledge (Webster &
Kruglanski, 1994). To resolve the need for closure, indi-
viduals high in NFC often use heuristics, simple cues, and
readily available information (Roets et al., 2015). As such,
confronted with the question whether a statement is true or
false, individuals high in NFC may be more sensitive to
elevations in the strength of coherent corresponding refer-
ences and the accompanied processing fluency experience
due to prior exposure, to obtain quick answers and epis-
temic security versus remaining in a state of uncertainty.
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Cognitive Style

Besides cognitive ability and need for epistemic security, the
way in which individuals tend to engage in problem-solving
and decision making—that is, their cognitive style—might
also be related to the susceptibility of the illusory truth effect.
Various dual-process theories have been proposed in which it
is argued that there are two different types of information
processing (e.g., Epstein, 1994; Kahneman, 2011; for over-
views, see Evans, 2008; Evans & Stanovich, 2013): “intui-
tive or experiential” thinking (often referred as Type 1) and
“rational or analytic” (often referred as Type 2) thinking.
Intuitive thinking is associated with automatic, heuristic,
rapid, and associative processing, whereas analytic thinking
is associated with extensive, deliberative, and relatively slow
processing (Evans & Stanovich, 2013; Kahneman, 2011).
Theoretically, responses are the result of a combination of
these independent and interacting types of processing.
Importantly, individuals show reliable individual differences
in the use of these types of thinking (e.g., Pacini & Epstein,
1999; Stanovich, West, & Toplak, 2016). Although intuitive
thinking might often result in satisfactory responses, it is also
prone to cognitive biases and nonoptimal responses (see,
Evans & Stanovich, 2013; Pretz, 2008). Dechéne and col-
leagues (2010) hypothesized that the truth effect might be
more pronounced for individuals with a more intuitive style
of thinking. Indeed, individuals with an intuitive style of
thinking rely more on their automatically activated experi-
ences in judgment formation and may therefore be more
inclined to use the metacognitive experience of fluency as a
cue for the truthfulness of a given statement. Individuals
high in analytic thinking, however, tend to critically evaluate
their initial responses that are associated with metacognitive
feelings of rightness (Pennycook, Cheyne, Barr, Koehler, &
Fugelsang, 2014; Pennycook, Fugelsang, & Koehler, 2015a)
and are less prone to overconfidence (Pennycook, Ross,
Koehler, & Fugelsang, 2017). Thus, increased analysis from
relatively analytic people may make it less likely for them to
judge repeated statements as true.

The Robustness of the lllusory Truth
Effect

Although one may reasonably expect individual differences
in cognitive ability, NFC, and cognitive styles to be related to
the illusory truth effect based on the theoretical rationale pre-
sented above, there is also a theoretical argument to advance
that the illusory truth effect should be relatively universal,
and invariant to these key individual differences in human
judgment and decision making.

The illusory truth effect relies on memory processes.
However, many learning and memory theories differentiate
between conscious or explicit, and unconscious or implicit
learning and memory (e.g., Reber, 1989; Schacter, 1987).
Although recent findings demonstrate that there are reliable

differences in implicit learning, these differences are less
related to cognitive ability compared with explicit learning
(Kaufman et al., 2010). Importantly, Hasher and Zacks
(1984) provided evidence that information about the fre-
quency of occurrence of items and events is automatically
and unconsciously encoded and stored into memory.
Moreover, the illusory truth effect also occurs without
explicit memory for the statements (Begg et al., 1992;
Pennycook, Cannon, & Rand, 2018), suggesting that the
effect can occur independent of conscious memory.

In addition, it has been demonstrated that the elderly,
despite age-related declines in the efficiency of analytic and
controlled processing mechanisms associated with delibera-
tion, such as explicit learning and memory (Peters, Hess,
Vistfjéll, & Auman, 2007), are equally prone as the young to
the illusory truth effect (Dechéne et al., 2010). This suggests
that cognitive control might have little impact on the illusory
truth effect. The work of Pennycook and colleagues (2018)
also suggest that the illusory truth effect might operate rela-
tively outside cognitive control. In particular, individuals
have a strong motivation to reject stories that conflict with
one’s political ideology. Nevertheless, these authors found
that the magnitude of the illusory truth effect did not signifi-
cantly differ between political discordant statements and
political concordant statements.

Moreover, the illusory truth effect also emerges in situa-
tions wherein individuals have actual knowledge about the
truthfulness of the statements. Indeed, Fazio, Brashier,
Payne, and Marsh (2015) showed that the individuals often
fail to rely on stored, correct knowledge when judging
repeated statements. Furthermore, even when people are
explicitly informed about the correct answer (“true”/”’false”)
at the time of judgment, repeated statements are more likely
to be judged as true (Unkelbach & Greifeneder, 2018).

In sum, there is convergent evidence for the illusory truth
effect’s robustness, which seems to suggest that the effect is
arelatively general cognitive process, and may thus be unaf-
fected by cognitive ability, epistemic needs, or cognitive
thinking styles. The present research aims to answer whether
or not the illusory truth effect is influenced by these key indi-
vidual differences in cognition.

The Present Research

We present seven studies including a combination of indi-
vidual difference measures that have been established in
the literature as being especially impactful on human judg-
ment and decision making, and that have a convincing
theoretical base as potential moderators of the repetition-
based truth effect.

Study 1 examined whether the illusory truth effect was
related to fluid intelligence, NFC, and experiential and ratio-
nal processing styles. Study 2 examined the relationship
between the illusory truth effect and cognitive ability, using
a measure of verbal intelligence. Both Studies 3 and 4
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Table I. Sample Characteristics.

N Final N Age %Women—%men Source
Study | 216 207 18.84 (3.40) 79.7-20.3 Lab
Study2 200 200  38.88 (12.15) 48.5-51.0 Mturk
Study 3 305 300  35.95(11.02) 53.3-46.7 Mturk
Study 4 235 231 34.59 (10.89) 40.3-59.7 Mturk
Study 5 199 199  36.21 (10.75) 44.7-55.3 Mturk
Study 6 352 336  40.18 (12.36) 50.9-49.1 Mturk
Study 7 992 723  36.76 (12.22) 55.3—44.0 Mturk

Note. One participant in Study 2 indicated X as gender. Five participants
did not indicate their gender in Study 7. Part of the data of Study 7 was
previously used in Pennycook et al. (2018).

focused on the relationship between cognitive style and the
illusory truth effect, using two different measures of indi-
vidual differences in experiential and rational thinking. In
Study 5, in addition to cognitive ability, we included a per-
formance-based measure of processing style, as self-report
measures and objective tasks tapping into the same cognitive
constructs might differ in the size of their relationship with a
third construct (Van Hiel, Onraet, Crowson, & Roets, 2016),
or in some cases can even show reversed effects (De keers-
maecker, Onraet, Lepouttre, & Roets, 2017). Therefore,
Study 5 used the Cognitive Reflection Test (CRT; Frederick,
2005), which measures individual differences in the disposi-
tion, and ability to override intuition. In Study 6, we included
both the CRT and a self-report measure of cognitive style.
Finally, in Study 7, we used an existing dataset (Pennycook
et al., 2018) to examine whether individuals who are inclined
and able to override their intuition via analytic processing
(measured through the CRT) are less prone to the illusory
truth effect for information that is more societally relevant
(i.e., politically charged news headlines)."

The present studies were conducted independently by
four different research labs. First, we describe the sample,
procedure, and used materials for each study. Thereafter, we
provide a combined results section, including frequentist and
Bayesian meta-analysis on the obtained effects between indi-
vidual difference measures and the illusory truth.

Method

Participants

Sample characteristics are shown in Table 1. In Study 1,
undergraduate psychology students participated in return for
partial course credit. In Studies 2 to 7, Amazon Mechanical
Turk (Mturk) workers participated in return for a financial
compensation. In all studies, the final sample size included at
least 199 participants, providing >80% power to detect
effects of » = .20.

Participant exclusions. Study 1 consisted of two lab ses-
sions. Nine participants who participated in the first

experimental session did not show up in the second ses-
sion. In Studies 3 and 4, there were, respectively, five and
four participants excluded from the analyses because they
indicated at the end of the experiment that one should not
use their data; that is, they responded to the question: “If
you were the researcher running this study, would you
include your data in data analysis or should it be excluded
due to you having been too distracted or inattentive?
(Again, this does not affect your compensation, it just
helps us analyze the data)” with “No.” In Study 6, 16 par-
ticipants were excluded from the analyses because they
failed to correctly answer the control questions (see the
“Procedure and materials Study 6” section). Finally, in
Study 7, participants were removed for reported respond-
ing randomly (N = 29), skipping over the familiarization
phase (N = 1), searching online for information (N = 22),
or prior familiarity with stimulus material (N = 217, see
the “Procedure and materials Study 7" section).

Procedure and Materials

All studies were designed to examine the between-item cri-
terion of the illusory truth effect, that is, the comparison of
truth judgments between repeated and new information
(see Dechéne et al., 2010). In Studies 1 to 6, the truth effect
was measured using trivia statements, selected from
Unkelbach and Rom (2017; e.g., “Othello was the last
opera of Verdi”). In Study 7, the truth effect was measured
using political news headlines. Data of Studies 1 to 6 are
available at https://osf.io/xbwmh/. Data of Study 7 are
available at https://osf.io/txf46/.

Procedure and materials Study |. Study 1 was conducted in
the laboratory as part of a mass testing. Sessions included
35 to 40 participants under supervision of three research
assistants. Participants participated in two experimental
sessions, with an intersession interval of 5 to 7 days. In
the first session, participants first completed a cognitive
ability (i.e., intelligence) test. In this test, a shortened ver-
sion of the Wilde Intelligence Test (see Kersting, Althoff,
& Jager, 2008), participants are presented with 45 prob-
lems assessing fluid intelligence. In particular, the prob-
lems tap into the abilities of general deductive reasoning,
spatial reasoning, numeric reasoning, and perceptual
speed. Participants are instructed to solve as many prob-
lems as they can in 12 min. This brief version has previ-
ously been used by De keersmaecker et al. (2017). Next,
the 15-item NFC scale (Roets & Van Hiel, 2011) was
administered on 6-point Likert-type scales (1 = strongly
disagree, 6 = strongly agree). A sample item is as fol-
lows: “I don’t like situations that are uncertain.” Subse-
quently, participants were told that they participated in a
study examining the affective responses on reading com-
plex statements. Participants were informed that they
would be presented with a series of trivia statements. The
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instructions stated, in underlined typography, that some of
the statements were correct, and some of the statements
were incorrect. Participants were instructed to just read
the statements, which were presented one by one, and par-
ticipants controlled the presentation time. After reading
all the statements (20 statements: 10 correct statements,
10 incorrect statements), they were asked to complete a
questionnaire that measures their affect (i.e., The Positive
and Negative Affective Schedule [PANAS]; Watson,
Clark, & Tellegen, 1988).

Five to 7 days later, in a second session, participants
responded to Pacini and Epstein’s (1999) measures of ratio-
nal (10 items) and experiential (10 items) thinking (Rational
Experiential Inventory [REI]) on 7-point Likert-type scales
(1 = strongly disagree, 7 = strongly agree).” Sample items
for rational and experiential thinking are “I enjoy intellec-
tual challenges” and “I like to rely on my intuitive impres-
sions,” respectively. Next, participants saw 20 statements
and were asked to indicate whether the statements were
correct or incorrect (coded: false = 0, true = 1). The state-
ments consisted of (in random order) five correct new state-
ments, five incorrect new statements, five correct repeated
statements, and five incorrect repeated statements. Repeated
and new statements were counterbalanced between partici-
pants, to eliminate a potential effect of the statements’
content.

Procedure and materials Study 2. Similar to Study 1, partici-
pants were told that the study examined how individuals
emotionally respond to reading complex statements. After
completing demographic questions, participants were pre-
sented with a series of 20 statements (10 correct statements,
10 incorrect statements) and completed the PANAS. Again,
it was explicitly stated that the list contained both correct and
incorrect statements. Next, as a measure of (verbal) cognitive
ability, participants completed the Ammons Quick Test (QT;
Ammons & Ammons, 1962). In this test, participants are pre-
sented with four pictures and 50 words. Participants are
instructed to connect each of the 50 words to one of the four
pictures. Finally, participants judged the correctness (coded:
false = 0, true = 1) of 20 statements (in random order): five
correct new statements, five incorrect new statements, five
correct repeated statements, and five incorrect repeated state-
ments. Repeated and new statements were counterbalanced
between participants.

Procedure and materials Study 3. The experiment consisted of
three consecutive phases. First, participants read 60 state-
ments (30 correct statements, 30 incorrect statements). Sec-
ond, participants judged the truthfulness of 120 statements
(in random order: 30 correct new statements, 30 incorrect
new statements, 30 correct repeated statements, and 30 incor-
rect repeated statements. Repeated and new statements were
counterbalanced between participants) on a 7-point scale (1

= certainly false, 7 = certainly true). Finally, participants
answered Pacini and Epstein’s (1999) 40-item REI, and
Betsch’s (2004) 18-item preference for intuition and delib-
eration (PID) scale on 5-point Likert-type scales (1 = com-
pletely false, 5 = completely true). Sample items for intuition
and deliberation are “My feelings play an important role in
my decisions” and “Before making decisions, I first think
them through,” respectively.

Procedure and materials Study 4. Procedure and materials of
Study 4 were similar to Study 3. After reading 30 statements
(15 correct statements, 15 incorrect statements), participants
judged the truthfulness of 60 statements (in random order: 15
correct new statements, 15 incorrect new statements, 15 cor-
rect repeated statements, and 15 incorrect repeated state-
ments) dichotomously (coded: false = 0, true = 1). Repeated
and new statements were counterbalanced between partici-
pants. Finally, participants completed the REI and the PID.

Procedure and materials Study 5. The procedure and materials
of Study 5 were similar to Study 2, with the addition of
Toplak, West, and Stanovich’s (2014) extended CRT (seven
items). The CRT is a performance-based test of cognitive
reflection that shows moderate associations with self-report
measures of rational thinking and experiential thinking (Pen-
nycook, Cheyne, Koehler, & Fugelsang, 2016). Low scores
on the CRT have been demonstrated to relate to the use of
heuristics, and cognitive biases, above and beyond cognitive
ability (Toplak, West, & Stanovich, 2011).

Procedure and materials Study 6. Similar to Studies 1, 2, and
5, participants read that the aim of the study was to examine
emotional responses to reading a series of correct and incor-
rect complex statements. To safeguard data quality, after
the presentation phase (20 statements: 10 correct state-
ments, 10 incorrect statements), participants were presented
with four statements (one new and correct, one repeated
and correct, one new and incorrect, one repeated and incor-
rect) and were asked to indicate for each statement whether
or not it had been presented to them in the previous phase
of the experiment. Participants who failed to score above
chance level were omitted from the sample (N = 16). These
control question statements were not used in the test phase.
Subsequently, participants completed the PANAS. Thereaf-
ter, participants completed the 20-item version of the REI
that was used in Study 1 and Frederick’s (2005) CRT (three
items). Finally, participants judged the correctness (coded:
false = 0, true = 1) of 20 statements (in random order: five
correct new statements, five incorrect new statements, five
correct repeated statements, and five incorrect repeated
statements. Repeated and new statements were counterbal-
anced between participants) and responded to demographic
questions.
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Procedure and materials Study 7. Study 7 made use of an
existing dataset (via Pennycook et al., 2018). Below, we only
describe the variables and manipulations that are relevant for
the present purposes. An elaborate description of the full pro-
cedure can be found in Pennycook et al. (2018). Materials
consisted of 16 news headlines: half of which were accurate
(real news) and half of which were inaccurate (fake news).
The headlines were all political in nature and were pretested
to be either “Democrat-consistent” or “Republican-consis-
tent.” Headlines as presented to participants can be found on
the OSF page of the study.

Prior exposure was manipulated using a three-stage
experiment. In the familiarization stage, participants were
shown four fake and four real news headlines, half of which
were Democrat-consistent and half of which were
Republican-consistent. Participants were asked to indicate
whether they had seen or heard about the stories before to
isolate the analyses on items that were novel. Next, partici-
pants advanced to the distractor stage, in which they com-
pleted a set of filler demographic questions and the PANAS
(Watson et al., 1988). In the third “assessment” stage, partici-
pants were presented with 16 news headlines (eight repeated
headlines, eight new headlines) and rated each for accuracy
on 4-point Likert-type scales (1 = not at all accurate, 4 =
very accurate). Headlines were counterbalanced across par-
ticipants and balanced with regard to political consistency.
Following the assessment stage, participants were asked to
indicate their prior familiarity (before the experiment) with
the headlines that were not presented in the familiarization
stage. This was done so that we could determine which news
headlines people were exposed to prior to the experiment.

Participants then completed a reworded version of the
original Frederick’s (2005) CRT (via Shenhav, Rand, &
Greene, 2012) and the four-item non-numeric CRT from
Thomson and Oppenheimer (2016). The two versions were
significantly correlated, 7(938) = .53, and were combined
into a single reliable scale of seven items. At the end, partici-
pants were asked about random responding, use of search
engines, and whether they skipped through the familiariza-
tion stage.

Results

lllusory Truth Effect

Table 2 shows the differences between repeated and new
statements in all seven studies; this difference was highly
significant in all studies: Participants judged repeated infor-
mation more often as true compared with new information.
Effect size d was calculated with Dunlop, Cortina, Vaslow,
and Burke’s (1996) formula that takes into account the cor-
relation between dependent variables in repeated measure-
ment designs, d = ¢ [2(1 - r)/n]"? where l is the ¢ statistic
for correlated observations and r is the correlation between
judgments of repeated and new information.

Table 2. Mean Truth Ratings for Repeated Information, New
Information, Difference Score Between New and Repeated
Information with Standard Deviation (SD) and Range, t Statistic for
Correlated Observations and Degrees of Freedom (df), Level of
Significance, and d for the lllusory Truth Effect in Studies | to 7.

Repeated New Diff (SD)
info info [Range] t_(df) p< d

Study | 0.64 042 022(0.29) 1067 (206) .001 1I.15
[-0.70 to 0.80]

Study2 066  0.57 0.10(0.28) 4.88 (199) .00l 0.45
[-0.50 to 0.80]

Study 3 3.84 358 026 (031) 1473 (299) .00l 0.58
[-0.60 to 1.33]

Study4 057 045 0.12(0.22) 8.55 (230) .001 0.6l
[-0.33 to 0.73]

Study 5 072 056 0.16 (0.29) 7.59 (198) .001 0.77
[-0.60 to 0.80]

Study 6  0.69 047 0.22(0.35) 11.62(335) .00l 0.99
[-0.60 to 1.00]

Study 7 2.0l 1.92  0.09 (0.48) 4.78 (722) .001 0.17
[-1.50 to 1.92]

Note. In Studies I, 2, 4, 5, and 6, truth judgments were made
dichotomously (coded 0 = false, | = true). In Studies 3 and 7, truth
judgments were made on Likert-type scales (coded | = certainly false, 7 =
certainly true, and | = not at all accurate, 4 = very accurate, respectively).

lllusory Truth Effect—Individual Differences

Preliminary analyses. Table 3 shows that the measures of the
individual difference variables are reliable and show mean-
ingful intercorrelations, which provide convergent validity
of the measures. In particular, REI’s measure of experiential
thinking was strongly related to PID’s measure of intuition,
and REI’s measure of rational thinking was strongly related
to PID’s measure of deliberation. In line with the dual pro-
cess theory, the different self-report measures of experiential
processing and analytic processing were not significant, or
weakly related to each other. Furthermore, the CRT was sig-
nificantly positively related to REI’s measure of rational
thinking, whereas both the self-reported and performance-
based measures of rational thinking were significantly posi-
tively related to cognitive ability.

To examine whether the illusory truth effect is related to
individual differences in cognitive ability, NFC, and cogni-
tive styles, we computed a difference score between truth
judgments of repeated statements and truth judgments of
new statements, with higher values indicating a higher illu-
sory truth effect. These differences scores (see Table 2) as
well as the individual difference measures (see Table 3) had
a sufficient range to allow meaningful correlations.

Main analyses. To maximize statistical power and precision,
we conducted meta-analyses on the obtained effects. There-
fore, bivariate correlations between the various individual dif-
ference variables and the illusory truth effect, operationalized
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Table 3. Variable Means, Standard Deviations (SD), Ranges,
Cronbach’s Alpha, and Correlations of Individual Difference
Measures in Studies | to 7.

Measure M (SD) Range 2 3 4
Study |

|. Fluid intel 18.16 (4.77)  7-33 — — — —
2. NFC 3.47 (.65) 1.80-5.27 -.06 (.81 —_ —
3.REl:exp  4.85(99) 1.30-6.90 .09 -.03 (82) —
4. REI: rat 457 (.88) 2.00-6.90 .18+ -07 -.01 (.89)
Study 2

I. Verbintel 38.35(8.85) 849 (.94) — —_ —
Study 3

I. PID: int 3.14 (.76) 1.00-5.00 (.85) — — —
2. PID: del 3.94 (54) 2.22-5.00 -.14%  (8l) — —
3.RELexp  3.17(.81) 1.20-495 .83%¥ — 2%  (95) —
4. REI: rat 3.72 (73) 1.40-5.00 -.13* A8 — 05 (.94)
Study 4

I. PID: int 3.02 (.80) 1.11-5.00 (.90) — — —
2. PID: del 3.94 (.58) 1.44-5.00 -.16*  (.84) — —
3.REl:exp  3.20 (.59) 1.40-5.00 .66%%* —.12 (.83) —
4. REI: rat 341 (.73) 1.65-5.00 .02 35%FFF 01 (.90)
Study 5

I. verbintel 3896 (8.35) 8-49  (.94) — — —
2. CRT 441 (2.24) 0-7 36%F(.80) — —
Study 6

I.RELexp  4.62(1.12) 1-7 (.92) — — —
2. REl: rat 5.8 (1.31) 1-7 A2% 0 (95) — —
3. CRT .72 (1.22)  0-3 — A5 1eFE (77) —
Study 7

I. CRT 344 (2.12) 0-7 (.77) — —_ —

Note. Fluid intel = fluid intelligence; NFC = need for cognitive closure;
REI = Rational Experiential Inventory; REIl: exp = REI: experiential; REI:
rat = REl: rationality; verb intel = verbal intelligence; PID: preference
for intuition and deliberation; PID: int = PID intuition; PID: del = PID:
deliberation; CRT = Cognitive Reflection Test.

*p < .05. Fp < .01, FFp < .001.

as differences scores, were calculated.® The alternative method
of using Repeated Measures analyses in which the interaction
is tested between the individual difference variables and the
within-subject truth rating of repeated information and truth
rating of new information, are statistically equivalent, yielding
identical results (see OSF page). We chose to use and report
analyses based on the difference scores because these are eas-
ier to interpret, present a straightforward indication of the
direction of the effects, and allow for straightforward meta-
analyses. Figure 1 presents an overview of the individual
results of each study, as well as frequentist meta-analytic inte-
grations of these associations.

Cognitive ability. A measure of fluid intelligence was
included in the lab experiment (Study 1), whereas a mea-
sure of verbal intelligence was administered in Studies 2
and 5. Bivariate correlation analyses revealed no significant
associations between individual differences in either fluid or

verbal intelligence and the effect size of the illusory truth
effect (see Figure 1). A frequentist meta-analytic integration
of the studies, using a DerSimonian-Laird approach with
Metacor package (Laliberté, 2015) in R, provided no support
for a significant association between general cognitive abil-
ity and the illusory truth effect (see Figure 1). To quantify
the strength of evidence in favor of no relationship between
cognitive ability and the illusory truth effect versus an asso-
ciation between cognitive ability and the illusory truth effect,
a Bayesian meta-analysis was conducted with BayesFactor
package (Morey, 2018) in R.* Results revealed a BF, of
20.97, suggesting that the data are 20.97 times more likely
to have occurred under the null hypothesis (i.e., cognitive
ability is not related to the illusory truth effect) than under
the alternative hypothesis (i.e., bidirectional test: cognitive
ability is related to the illusory truth effect).

NFC. Similar to fluid intelligence, an NFC measure was
included in Study 1. Bivariate correlation analysis revealed
no evidence for an association between NFC and the illusory
truth effect (see Figure 1). Bayesian analysis favored the null
hypothesis with a Bayes factor OfBFHO = 10.51.

Experiential processing. As measures of experiential pro-
cessing, PID’s preference for intuition measure was included
in Studies 3 and 4, and the REI’s experiential thinking style
measure was included in Studies 1, 3, 4, and 6, leading to
a total of six tests for the association between experiential
processing and the illusory truth effect.

In both Studies 3 and 4, the relationship between PID’s
preference for intuition measure and the illusory truth effect
was trivial and nonsignificant. The frequentist meta-analytic
integration of both studies revealed no evidence for an asso-
ciation between PID’s preference for intuition measure and
the illusory truth effect (see Figure 1), and a Bayesian meta-
analysis provided strong support for the null hypothesis,
BF, =15.33.

Similarly, REI’s experiential thinking style measure was
not significantly related to the illusory truth effect in Studies 3,
4, and 6. However, in Study 1, this relationship was positive
and significant. A frequentist meta-analysis revealed an over-
all nonsignificant association between REI’s experiential
thinking style measure and the illusory truth effect (see Figure
1). In addition, a Bayesian meta-analysis strongly supported
the null hypothesis, BF, =10.63.

Analytic processing. As measures of analytic processing,
PID’s measure of preference for deliberation was included
in Studies 3 and 4, the REI’s rational thinking style mea-
sure was included in Studies 1, 3, 4, and 6, and the CRT
was included in Studies 5 to 7, leading to nine separate tests
for an association between individual differences in analytic
processing and the illusory truth effect.

PID’s measure of preference for deliberation was not sig-
nificantly related to the illusory truth effect in both Studies 3
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r[95% Cl]
Cognitive ability
Study 1 _— -.05 [~.19, .09]
Study 2 -.01[-.15, .13]
Study 5 .03[-.11, .17]
Meta -.01[-.09, .07]
Need for closure
Study 1 L G -.05[-.18, .09]
PID intuition
Study 3 — -.09 [-.20, .02]
Study 4 —— .04 [-.09, .17]
Meta —— -.03[-.15, .10]
REI experiential
Study 1 —— .18 [.05, .32]
Study 3 —p— -.09 [-.20, .03]
Study 4 —— .04 [-.09, .17]
Study 6 H—— .08 [-.03, .19]
Meta ——— .05 [-.06, .16]
PID deliberation
Study 3 —— -.04 [-.15, .07]
Study 4 — -10[-.23, .03]
Meta —l— -.07 [-.15, .02]
REl rational
Study 1 —— -.02[-.15, 12]
Study 3 —— .16 .04, .27]
Study 4 —— -19 [-.32, -.06]
Study 6 H—— .08 [-.03, .19]
Meta —— .01[-.14, .16]
CRT
Study 5 pre——ilp—— -.00[-.14, .14]
Study 6 i -.05 [~.16, .05]
Study 7 —— -.06[-.13, .02]
Meta L -.05[-.10, .01]
-1 0,8 -0,6 0,4 0,2 0 0,2 0,4 0,6 0,8 1

Figure |. Bivariate correlation coefficients (r) and 95% confidence intervals (Cl) for the relationship between individual differences and
the illusory truth effect in Studies | to 7, and a meta-analytic integration (meta).
PID = preference for intuition and deliberation; REl = Rational Experiential Inventory; CRT = Cognitive Reflection Test.

and 4. The frequentist meta-analysis provided no support for
an association between PID’s measure of preference for
deliberation (see Figure 1), and Bayesian meta-analysis sup-
ported the null hypothesis, BF, '=6.52.

Similarly, the REI’s rational thinking measure was not
significantly related to the illusory truth effect in Studies 1
and 6. However, this association was significant and positive
in Study 3, and significant and negative in Study 4. Pooling
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the data, the frequentist meta-analysis revealed no significant
association between REI’s rational measure and the illusory
truth effect (see Figure 1), and the Bayesian meta-analysis
indicated that the null hypothesis was much more likely than
the alternative hypothesis, BF, = 21.04.

Finally, also the associations between the behavioral mea-
sure of analytic processing, the CRT, and the effect size of
the illusory truth effect were negligible and nonsignificant in
Studies 5 to 7. Consequently, the frequentist meta-analysis
revealed an effect size within a confidence interval that
included O (see Figure 1). In addition, Bayesian meta-analy-
sis favored the null hypothesis, BF, =178l

General Discussion

The illusory truth effect, referring to people’s tendency to
believe repeated information more compared with new infor-
mation, can have a profound impact on individuals (Brown
& Nix, 1996) and society at large (Pennycook et al., 2018).
Despite the theoretical and practical relevance of this effect,
and its long research tradition, surprisingly little is known
about individual differences that may influence people’s sus-
ceptibility to the effect. The present research addressed this
question, and investigated the influence of cognitive ability,
need for closure, and cognitive thinking styles on the illusory
truth effect in seven highly powered and systematic studies.

Previous research showed that these individual differ-
ences in cognition influence decision making and knowledge
formation, and the integration of these different variables is
in line with recent developments within the field (De keers-
maecker, Bostyn, Fontaine, Van Hiel, & Roets, 2018;
Pennycook, Fugelsang, & Koehler, 2015b; Roets et al., 2015;
Stanovich et al., 2016). Building on this literature, the
hypotheses followed that individuals with high levels of cog-
nitive ability, due to better memory, and individuals high in
NFC and experiential thinking, due to the reliance on easy
cues in making judgments, would be more prone to the illu-
sory truth effect, whereas individuals high in analytic think-
ing would be less inclined to judge repeated information as
more true compared with new information.

However, various studies have suggested the robustness
of the illusory truth effect. Indeed, the effect was found
among the elderly (Dechéne et al., 2010), with statements
that were politically discordant (Pennycook et al., 2018),
with statements that individuals had no conscious memory of
(Begg et al., 1992), with statements that individuals knew to
be incorrect (Fazio et al., 2015; Unkelbach, 2007), and even
in the presence of advice regarding the factual truth (both at
encoding: Pennycook et al., 2018, and during judgment:
Unkelbach & Greifeneder, 2018). As such, these studies sug-
gested that the illusory truth effect is a relatively robust cog-
nitive process, beyond the influence of cognitive ability,
NFC, and specific cognitive thinking styles.

Across seven studies, the latter hypothesis was supported,
and we found convergent evidence for the robustness of the

illusory truth effect. In particular, in all seven studies, partici-
pants tended to believe repeated information more compared
with new information, irrespective of the measured individ-
ual difference. In particular, pooling the data and using a
meta-analytical approach, the illusory truth effect was not
statistically significant related to individual differences in
cognitive ability (Studies 1, 2, 5) or NFC (Study 1), nor was
it related to two self-report measures of experiential process-
ing (PID’s preference for intuition: Studies 3, 4; REI’s expe-
riential processing: Studies 1, 3, 4, 6), or two self-report
measures of analytic processing (PID’s preference for delib-
eration: Studies 3, 4; REI’s rational processing: Studies 1, 3,
4, 6). Also a behavioral measure of analytic processing, the
CRT, did not relate in a meaningful way to the illusory truth
effect (Studies 5 to 7). Moreover, (meta-analytic) Bayes fac-
tors strongly favored the null hypothesis over the alternative
hypothesis regarding the associations between individual
differences in cognition and the illusory truth effect.

In all studies, we relied on participants living in Western
societies. Although we don’t have a theoretical rationale to
expect that the observed findings would be moderated by
culture or society, we are not able to empirically test this
possibility. Furthermore, six of our studies relied on sam-
ples collected through an open online platform (Mturk),
and we were not able to monitor these participants during
their participation. Nevertheless, it has been repeatedly
demonstrated that running experiments through such
online platforms can provide high-quality data (e.g.,
Buhrmester, Kwang, & Gosling, 2011; Horton, Rand, &
Zeckhauser, 2011). Study 1 was conducted in the lab,
which allowed a closer monitoring of the participants,
although it should be acknowledged that these sessions
tested 35 to 40 participants simultaneously.

The present results contribute to the referential theory and
the processing fluency explanation of the illusory truth effect
by showing that the use of coherently linked corresponding
references and processing fluency in truth judgments is not
related to individual differences in cognitive ability, need for
epistemic security and different thinking styles. In particular,
these novel findings are in line with the assertion that pro-
cessing fluency is not a judgmental bias and flaw in the indi-
vidual, but rather a cue to truth that is universal and
epistemologically justified in most contexts (Reber &
Unkelbach, 2010; Unkelbach & Greifeneder, 2013).

The consistent and strong emergence of the illusory truth
effect in the present series of studies, and the relative lack of
predictive value of individual differences in cognitive ability,
need for epistemic security and cognitive styles, attests to the
robustness of the effect. However, these findings do not nec-
essarily mean that all individuals are equally prone to the
illusory truth effect. Interesting in this regard is the work of
Mitchell, Sullivan, Schacter, and Budson (2006), who found
that the illusory truth effect for unknown trivia statements is
less pronounced for individuals with a clinical diagnosis of
Alzheimer’s disease, who are characterized by specific
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cognitive and memory function impairment, compared with
healthy individuals of the same age.

Given the importance and the strength of the illusory
truth effect, we believe that a more advanced understand-
ing of whether and how individual differences may mod-
erate the effect is crucial. The current lack of scholarly
attention to the investigation of individual differences in
the illusory truth effect seems problematic, especially if
this should be the result of publication bias against non-
significant results. We believe that understanding which
plausible variables do not affect the illusory truth effect,
might be as informative as knowing which variables do
influence the effect. In this regard, it is also important to
understand why particular individual difference variables
do or do not affect the overall illusory truth effect. Indeed,
it may be possible that a particular variable has different
effects on different aspects that are relevant for the illu-
sory truth effect. For example, greater cognitive ability
might increase the experience of fluency due to superior
memory while having a negative effect on the reliance of
fluency on judgments of truth. Although speculative at
this point, testing such possibilities in adapted, more intri-
cate experimental designs can provide further insight, not
only into the role of individual differences but also into
the mechanics behind the truth effect.

Another interesting avenue for future research would be
to focus on individual differences that tap into implicit lev-
els of cognition, such as implicit learning. The present
series of studies focused on intelligence, epistemic needs,
and cognitive styles. However, as argued by Kaufman et al.
(2010), relative to explicit cognition, individual differences
in implicit cognition is a neglected but potentially fruitful
line of research for understanding human complex cogni-
tion, and might also further advance our understanding of
how the truth effect operates.

Conclusion

In line with previous work, we found that individuals tend to
believe repeated information more compared with new infor-
mation. Across seven studies, this tendency was not reliably
and substantially related to cognitive ability, NFC, experien-
tial thinking, and both self-reported and performance-based
measures of analytic thinking.

The absence of an association between these key individ-
ual difference variables in judgment and decision making
and the illusory truth effect is theoretically intriguing, and
raises the question about which alternative factors may
underlie the observed variance of the illusory truth effect.
Given the ease by which repetition can influence the per-
ceived truth, and the potential power of misinformation, we
hope that the present contribution will inspire other scholars
to further examine the potential role of individual differences
in the illusory truth effect, and we especially encourage them
to also publish nonsignificant findings because the added

value of these “non-relationships” are highly underestimated
in the literature.
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3. Multiple regression coefficients with the simultaneous inclu-
sion of all variables of each study yielded similar results and are
available at OSF.

4. Bayes factors were calculated on ¢ statistics with a scale factor of

V2 /2 for the Cauchy prior (default option in BayesFactor).
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Cognitive ability (Dutch only):
https://ghentunipss.eu.qualtrics.com/jfe/form/SV_4V3cljdyBIbxcZn

Need for cognitive closure (Roets & Van Hiel, 2011)

I don't like situations that are uncertain.

I dislike questions which could be answered in many different ways.

I find that a well ordered life with regular hours suits my temperament.

I feel uncomfortable when I don't understand the reason why an event occurred in
my life.

I feel irritated when one person disagrees with what everyone else in a group
believes.

When I have made a decision, I feel relieved.

When I am confronted with a problem, I'm dying to reach a solution very quickly.
I don't like to go into a situation without knowing what I can expect from it.

I would quickly become impatient and irritated if I would not find a solution to a
problem immediately.

. I don't like to be with people who are capable of unexpected actions.
11.
12.
13.
14.
. I dislike unpredictable situations.

I dislike it when a person's statement could mean many different things.

I find that establishing a consistent routine enables me to enjoy life more.

I enjoy having a clear and structured mode of life.

I do not usually consult many different opinions before forming my own view.

Rational-Experiential Inventory (selected from Pacini & Epstein, 1999)

I'm NOT that good at figuring out complicated problems

I'am NOT very good in solving problems that require careful logical analysis
I'am NOT a very analytical thinker

Reasoning things out carefully is NOT one of my strong points

I DON'T reason well under pressure

I try to avoid situations that require thinking in depth about something

I enjoy intellectual challenges

I DON'T like to have to do a lot of thinking

I enjoy solving problems that require hard thinking

. Thinking is NOT my idea of an enjoyable activity
. I DON'T have a very good sense of intuition
. Using my "gut-feelings" usually works well for me in figuring out problems in my

life

. I believe in trusting my hunches
. I trust my initial feelings about people



15. When it comes to trusting people, I can usually rely on my gut feelings
16. I like to rely on my intuitive impressions

17. Intuition can be a very useful way to solve problems

18. T often go by my instincts when deciding on a course of action

19. I DON'T like situations in which I have to rely on intuition.

20. I think there are times when one should rely on one's intuition

Statements truth effect: (selected from Unkelbach & Rom, 2017)

1. The smallest bird in the world is the bee hummingbird

2. The Vatican has the highest crime rate

According to Forbes Magazine, the richest man in the world in 2007 was Warren
Buffet

4. The tie was invented in Italy

5. Nereid is a moon of the planet Neptune

6. Srang is one of Thailand’s historical currencies

7

8

9

(98]

. Nerthus is a German goddess of water
. Hyperesthesia is the term describing an intolerance to light
. Puccini’s first opera was ‘‘Le Villi”
10. Zeus procreated the three spouses of destiny with Themis
11. Only male mosquitos can sting
12. Dr. Jonas Salk developed the inoculant against polio
13. One of Aphrodite’s sons was Priapus
14. There are no domestic snakes in Scotland and Greenland
15. The world’s biggest fish is the whale shark
16. H. von Euler - Chelpin was awarded the Nobel Prize in Physics
17. The most toxic jellyfish in the world is Chironex fleckeri
18. The Doppler effect applies to the velocity of light
19. The disability to recognize sequences of sound and rhythms is called dystonia
20. Bethold Brecht wrote the piece ‘‘Life of Galilei‘* in exile in Paris
21. Microhylidae's tadpole stage lasts twice as long as in other frog families
22. In Cuba, sex reassignment surgery is forbidden
23. Van Gogh painted 'The Starry Night' in Saint-Rémy
24. Otello was the last opera of Verdi
25. Bramante was an architect of the renaissance
26. The poison of the tarantula is not dangerous for humans
27. The smallest country in Central America is El Salvador
28. The last name of the painter Michelangelo was Buonarotti
29. The musician Fiona Apple grew up in Los Angeles
30. Antonio Vivaldi emigrated to Germany in 1740



Study 2

Independent variable:

e Cognitive ability: Ammons, R. B., & Ammons, C. H. (1962). Quick Test. Oxford,
England: Psychological Test Specialists.

Statements Truth effect: See Study 1 (selected from Unkelbach & Rom, 2017)

Study 3

Independent variables:

Rational-Experiential Inventory (Pacini & Epstein, 1999):
I’m not that good at figuring out complicated problems
I am not very good at solving problems that require careful logical analysis
I am not a very analytical thinker
Reasoning things out carefully is not one of my strong points
I don’t reason well under pressure
I am much better at figuring things out logically than most people
I have a logical mind
I have no problem thinking things through carefully
Using logic usually works well for me in figuring out problems in my life
. I usually have clear, explainable reasons for my decisions
. I try to avoid situations that require thinking in depth about something
. I enjoy intellectual challenges
. I don’t like to have to do a lot of thinking
. I enjoy solving problems that require hard thinking
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. Thinking is not my idea of an enjoyable activity

. I prefer complex problems to simple problems

. Thinking hard and for a long time about something gives me little satisfaction

. I enjoy thinking in abstract terms

. Knowing the answer without having to understand the reasoning behind it is good
enough for me

20. Learning new ways to think would be very appealing to me

21. I don’t have a very good sense of intuition

22. Using my gut feelings usually works well for me in figuring out problems in my

life.

23. I believe in trusting my hunches

24. 1 trust my initial feelings about people

25. When it comes to trusting people, I can usually rely on my gut feelings

26. If I were to rely on my gut feelings, I would often make mistakes

27. I hardly ever go wrong when I listen to my deepest gut feelings to find an answer

28. My snap judgments are probably not as good as most people’s

—_—
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29. I can usually feel when a person is right or wrong, even if I can’t explain how |
know

30. I suspect my hunches are inaccurate as often as they are accurate

31. I like to rely on my intuitive impressions

32. Intuition can be a very useful way to solve problems

33. I often go by my instincts when deciding on a course of action

34. I don’t like situations in which I have to rely on intuition

35. I think there are times when one should rely on one’s intuition

36. I think it is foolish to make important decisions based on feelings

37. I don’t think it is a good idea to rely on one’s intuition for important decisions

38. I generally don’t depend on my feelings to help me make decisions

39. I would not want to depend on anyone who described himself or herself as
intuitive

40. I tend to use my heart as a guide for my actions

Preference for Intuition and Deliberation (Betsch, 2004):

Before making decisions, I first think them through.

I listen carefully to my deepest feelings.

Before making decisions, I usually think about the goals I want to achieve.
With most decisions, it makes sense to completely rely on your feelings.

I don’t like situations that require me to rely on my intuition.

I think about myself.

I prefer making detailed plans rather than leaving things to chance.

I prefer drawing conclusions based on my feelings, my knowledge of human
nature, and my experience of life.

9. My feelings play an important role in my decisions.

10. I am a perfectionist

11. I think about a decision particularly carefully if [ have to justify it.

12. When it comes to trusting people, I can usually rely on my gut feelings.

13. When I have a problem, I first analyze the facts and details before I decide.
14. 1 think before I act.

15. I prefer emotional people.

16. I think more about my plans and goals than other people do.

17. T am a very intuitive Person.

XN R WD = e

18. I like emotional situations, discussions, and movies.

Statements truth effect: (selected from Unkelbach & Rom, 2017)

The first windmills turned in Persia.

A cat is the only pet that is not mentioned in the bible.

Blackberrys, Rasberries, and Strawberries belong to the rose family.
The painting “Le moulin de la Galette” was created by Renoir.

The name of the Russian space platform MIR means peace.

The Kongo holds more water than any other river in Africa.

Alberto Fujimori served as president of Peru from 1990 — 2000.
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10.
11.
12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31

33

38.
39.
40.
41.
42.
43.
44.

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.

The buzzard is the most frequent raptor in the world.

There are 5 players in a Hockey team.

Early scholasticism was a movement during the Middle Ages.
The piece “A doll’s house” was written by Henrik Ibsen.

John S. Pemberton is the inventor of Coca-Cola.

The Lorentz force is the combination of electric and magnetic force on a point
change.

The Ising model is a mathematical model of ferromagnetism.
Fibrinogen is a protein which is generated by the kidney.

The exosphere is the uppermost layer of the Earth’s atmosphere.
“The rite of spring” is a piece by Igor Stravinsky.

Coffee contains the vitamin niacin.

Urania is the byname of the goddess Aphrodite.

A Wobbler is a type of fishing bait.

Piperine is the alkaloid responsible for the pungency of pepper.
The Battle of Zama marked the end of the second Punic war.
Sesame seeds come in many different colors.

In ancient roman religion, the Penates were the household deities.
Inorganic pigments are also called ‘mineral colors’.

James Conolly was the first modern Olympic Gold medalist.
Vatnajoekull is the largest Icelandic glacier in Europe.

The world’s second highest summit is the K2 in Pakistan.

The world’s most populated city is Tokyo.

The Nobel prize has been awarded annually since 1901

. The Yukon is the third longest river in the United States.
32.

“In variatete concordia” is the official motto of the European Union.

. The United States are a presidential federal republic.
34.
35.
36.
37.

Goethe wrote the piece “Torquato Tasso”.

For harmonic oscillations frequency is independent of its amplitude.

There exist three classical states of aggregation.

The mass of an object does not equal the force experienced by an object due to
gravity.

A salt crystal is an ion of sodium paired with an ion of chloride.

Lucius Superbus was the last roman emperor.

Odin is a major god in most branches of Germanic mythology.

Semiotics is the philosophical theory of signs.

According to the book of genesis Methuselah was the grandfather of Noah.
An oxymoron is the juxtaposition of ideas that seem contradictory.

The Battle of Trafalgar (21 October 1805) was part of the War of the Third
Coalition.

Simple machines work according to the lever principle and force of gravity.
Panarellos are adaptors on steam wands of espresso machines.

Syntagma is the antoyme of paradigma.

Herbert Blumer was the leading symbolic Interactionist of his time.

The national motto of Indian states is “Truth alone triumphs”.

Mount Waileale in Hawaii is one of the rainiest spots on earth.

A chordophone is a musical instrument that makes sound with its strings.
The world’s biggest cemetery is in Bahrein.

Lubaantun is a ruined city of the Maya in Belize.

The blood of crabs contains copper instead of iron.



55. The world’s oldest tree is 9550 years old.

56. The chemical element Einsteinium was not discovered by Albert Einstein.

57. Cleopatra was the daughter of the Egypt king Ptoleméus XII.

58. Jimi Hendrix was born 11/27/1942 in Seattle, Washington.

59. James Polk was president of the United States from 1845-1849.

60. Ravens pass the mirror test.

61. The Greek gods of creation were Gaia, Erebos, and Kreon.

62. Chiasm is the juxtaposition of contrasting elements.

63. Mitochondria is the base for plants’ photosynthesis.

64. Cactuses recreate through parthenogenesis.

65. Beethoven wrote the opera “Apollo and Hyacinth”.

66. Sound velocity is independent of temperature.

67. The capital of Madagascar is Toamasina.

68. Kinetic pressure is measured in millimeters water column.

69. The standard unit of time is milliseconds.

70. The magnetic river is measured in “Henry”.

71. Moerda is a river in the Germany.

72. Sac fungi belong to the family of Protista.

73. Australian coastal taipans are the most toxic snakes in the world.

74. Frequency and amplitude are correlated for soundwaves.

75. The first UN Secretary-General was Dag Hammarskjolbd from Sweden.

76. All countries of Oceania have water borders.

77. Viscosity describes the molecular concentration of a solid.

78. The sun’s photosphere can only be observed through a coronagraph.

79. A galactic year takes 2500 normal years.

80. “Ashi-Waza” describes a class of kicks in Karate.

81. Stuart Sutcliff was a member of the band “The Rolling Stones”.

82. Qin Shi Huéngdi was the last emperor of china.

83. The Cocos islands belong to Indonesia.

84. Pope Pius IX. was the successor of pope Leo XIII.

85. The fourth man on the moon was Charles P. Conrad.

86. The Lama temple is located in Shanghai.

87. Mehndi is the Indian description for Yoga Master.

88. Ephendios is the Greece god of agriculture.

89. The Barringer Crater is located in the moon’s northern hemisphere.

90. The act of comparison with something impossible is called aberration.

91. Liberia consists of the areas Tripolitana, Cyrenaika, and Fezzan.

92. Norway’s current secretary of state is Jan Olgerson.

93. “Au rendez-vous des amis” is a piece by August Macke.

94. Alfred Wegener is known for his ice age studies.

95. The Ghasel is a song form that developed in North Africa.

96. The Castle-Taubig —Thesis makes predictions about the capacity of a calculating
machine.

97. Sokrates was the teacher of Alexander the Great.

98. Vientiane is the biggest city of Vietnam.

99. The smallest bird in Europe is the dwarf finch.

100. Valparaiso belongs to Angola’s biggest cities.

101. The world’s tallest tree is the spruce.

102. Giraffes are the only mammals that cannot jump.

103.  The first heart-lung machine was built in the Netherlands.



104. Australia’s oldest city is Adelaide.

105. The biggest lake in the world is the Aral sea.

106. Falkland’s conflict was a war between Argentina and France.

107. The Cheops pyramide is taller than the dome of cologne.

108.  Every uneven number taller than two can be the sum for two prime numbers.
109.  The four-color sentence cannot be proven mathematically.

110. Lipid is a term for hydrophile solids.

111.  Wooden furniture is good for climate.

112. ,,Cum hoc ergo propter hoc* is a figure of syllogistic reasoning.

113. A gauge displays the percentage of oxygen in a compressed air cylinder.
114. Parema lapsis are a class of parasites.

115.  Gun powder excesses its sound velocity upon explosion.

116. The most expensive colorant is ultranavy.

117.  Vulcanos can reach a maximum height of about 5000 metres.

118. Henbane was a popular spice in the Middle Ages.

119. Caleb Followill is the singer of the band 30 seconds to Mars.

120. Theodore Fontane published his first novel at the age of 35.

Study 4
Independent variables:

e Rational Experiential Inventory (Pacini & Epstein, 1999): See Study 3

e Preference for Intuition and Deliberation (Betsch, 2004): See Study 3

Statements truth effect: (selected from Unkelbach & Rom, 2017)

The first windmills turned in Persia.
A cat is the only pet that is not mentioned in the bible.
Blackberrys, Rasberries, and Strawberries belong to the rose family.
The painting “The moulin de la Galette” was created by Renoir.
The name of the Russian space platform MIR means peace.
The Kongo holds more water than any other river in Africa.
Alberto Fujimori served as president of Peru from 1990 — 2000.
The buzzard is the most frequent raptor in the world.
There are 5 players in a Hockey team.

. Early scholasticism was a movement during the Middle Ages.

. The piece “A dolls house” was written by Henrik Ibsen.

. John S. Pemberton is the inventor of Coca-Cola.

. The Lorentz force is the combination of electric and magnetic force on a point
change.

14. The Ising model is a mathematical model of ferromagnetism.

15. Fibrinogen is a protein which is generated by the kidney.

16. The exosphere is the uppermost layer of the Earth’s atmosphere.

17. “The rite of spring” is a piece by Igor Stravinsky.

18. Coffee contains the vitamin niacin.

19. Urania is the byname of the goddess Aphrodite.

20. A Wobbler is a type of fishing bait.
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21. Piperine is the alkaloid responsible for the pungency of pepper.

22. The Battle of Zama marked the end of the second Punic war.

23. Sesame seeds come in many different colors.

24. In ancient roman religion, the Penates were the household deities.
25. Inorganic pigments are also called ‘mineral colors’.

26. James Conolly was the first modern Olympic Gold medalist.

27. Vatnajoekull is the largest Icelandic glacier in Europe.

28. The world’s second highest summit is the K2 in Pakistan.

29. The world’s most populated city is Tokyo.

30. The Nobel prize has been awarded annually since 1901.

31. The Greek gods of creation were Gaia, Erebos, and Kreon.

32. Chiasm is the juxtaposition of contrasting elements.

33. Mitochondria is the base for plants’ photosynthesis.

34. Cactuses recreate through parthenogenesis.

35. Beethoven wrote the opera “Apollo and Hyacinth”.

36. Sound velocity is independent of temperature.

37. The capital of Madagaskar is Toamasina.

38. Kinetic pressure is measured in millimeters water column.

39. The standard unit of time is milliseconds.

40. The magnetic river is measured in “Henry”.

41. Moerda is a river in the Germany.

42. Sac fungi belong to the family of Protista.

43. Australian coastal taipans are the most toxic snakes in the world.
44. Frequency and amplitude are correlated for soundwaves.

45. The first UN Secretary-General was Dag Hammarskjolbd from Sweden.
46. All countries of Oceania have water borders.

47. Viscosity describes the molecular concentration of a solid.

48. The sun’s photosphere can only be observed through a coronagraph.
49. A galactic year takes 2500 normal years.

50. “Ashi-Waza” describes a class of kicks in Karate.

51. Stuart Sutcliff was a member of the band “The Rolling Stones”.
52. Qin Shi Huangdi was the last emperor of china.

53. The Cocos islands belong to Indonesia.

54. Pope Pius IX. was the successor of pope Leo XIII.

55. The fourth man on the moon was Charles P. Conrad.

56. The Lama temple is located in Shanghai.

57. Mehndi is the Indian description for Yoga Master.

58. Ephendios is the Greece god of agriculture.

59. The Barringer Crater is located in the moon’s northern hemisphere.
60. The act of comparison with something impossible is called aberration.

Study 5
Independent variables:

o Cognitive ability: Ammons, R. B., & Ammons, C. H. (1962). Quick Test. Oxford,
England: Psychological Test Specialists.
e Cognitive reflection test (Toplak, West, Stanovich, 2014)



1. A bat and a ball cost $1.10 in total. The bat costs a dollar more than the ball.

How much does the ball cost? cents
2. Ifit takes 5 machines 5 minutes to make 5 widgets, how long would it take 100
machines to make 100 widgets? minutes

3. In alake, there is a patch of lily pads. Every day, the patch doubles in size. If it
takes 48 days for the patch to cover the entire lake, how long would it take for
the patch to cover half of the lake?  days

4. 1If John can drink one barrel of water in 6 days, and Mary can drink one barrel
of water in 12 days, how long would it take them to drink one barrel of water

together?  days

5. Jerry received both the 15th highest and the 15th lowest mark in the class. How
many students are in the class? students

6. A man buys a pig for $60, sells it for $70, buys it back for $80, and sells it
finally for $90. How much has he made? _ dollars

7. Simon decided to invest $8,000 in the stock market one day early in 2008. Six
months after he invested, on July 17, the stocks he had purchased were down
50%. Fortunately for Simon, from July 17 to October 17, the stocks he had
purchased went up 75%. At this point, Simon has: a. broken even in the stock
market, b. is ahead of where he began, c. has lost money

Statements Truth effect: See Study 1 (selected from Unkelbach & Rom, 2017)

Study 6
Independent variables:

e Rational-Experiential inventory (Pacini & Epstein, 1999): see Study 1

e Cognitive Reflect Test (Frederick, 2005):

1. A bat and a ball cost $1.10 in total. The bat costs $1.00 more than the ball. How
much does the ball cost?

2. Ifit takes 5 machines 5 minutes to make 5 widgets, how long would it take 100
machines to make 100 widgets?

3. In alake, there is a patch of lily pads. Every day, the patch doubles in size. If it
takes 48 days for the patch to cover the entire lake, how long would it take for the
patch to cover half of the lake?

Statements truth effect: See Study 1 (selected from Unkelbach & Rom, 2017)

Study 7:

Independent variables:



e Reworded version of Cognitive Reflection Test (Frederick, 2005) via Shenhav,
Rand, & Greene, 2012):

1. The ages of Mark and Adam add up to 28 years total. Mark is 20 years older than
Adam. How many years old is Adam?

2. Ifit takes 10 seconds for 10 printers to print out 10 pages of paper, how many
seconds will it take 50 printers to print out 50 pages of paper?

3. On aloaf of bread, there is a patch of mold. Every day, the patch doubles in size. If
it takes 40 days for the patch to cover the entire loaf of bread, how many days
would it take for the patch to cover half of the loaf of bread?

e Cognitive Reflection Test-2 (Thomson & Oppenheimer, 2016):

1. If you’re running a race and you pass the person in second place, what place are
you in?

2. A farmer had 15 sheep and all but 8 died. How many are left?

3. How many cubic feet of dirt are there in a hole that is 3* deep x 3’ wide x 3’ long?

4. Emily’s father has three daughters. The first two are named April and May. What
is the third daughter’s name?

Statements truth effect: Headlines as presented to participants can be found on:

https://osf.i0/txf46/.




