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Abstract Belief in paranormal psychic phenomena is wide-
spread in the United States, with over a third of the population
believing in extrasensory perception (ESP). Why do some
people believe, while others are skeptical? According to the
cognitive differences hypothesis, individual differences in the
way people process information about the world can contrib-
ute to the creation of psychic beliefs, such as differences in
memory accuracy (e.g., selectively remembering a fortune
teller’s correct predictions) or analytical thinking (e.g., relying
on intuition rather than scrutinizing evidence). While this hy-
pothesis is prevalent in the literature, few have attempted to
empirically test it. Here, we provided the most comprehensive
test of the cognitive differences hypothesis to date. In 3 stud-
ies, we used online screening to recruit groups of strong be-
lievers and strong skeptics, matched on key demographics
(age, sex, and years of education). These groups were then
tested in laboratory and online settings using multiple cogni-
tive tasks and other measures. Our cognitive testing showed
that there were no consistent group differences on tasks of
episodic memory distortion, autobiographical memory distor-
tion, or working memory capacity, but skeptics consistently
outperformed believers on several tasks tapping analytical or
logical thinking as well as vocabulary. These findings demon-
strate cognitive similarities and differences between these
groups and suggest that differences in analytical thinking
and conceptual knowledge might contribute to the develop-
ment of psychic beliefs. We also found that psychic belief was
associated with greater life satisfaction, demonstrating

benefits associated with psychic beliefs and highlighting the
role of both cognitive and noncognitive factors in understand-
ing these individual differences.
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Many people in the United States believe in the existence of
psychic phenomena, such as extrasensory perception (42 %),
telepathy (31 %), or clairvoyance (26 %; Gallup, 2005), while
many others reject such phenomena as illogical or nonscien-
tific. Understanding why some people strongly believe in psy-
chic phenomena whereas others are strongly skeptical may
provide insights into the factors that drive individual differ-
ences in scientific thinking and reasoning more generally.
Research suggests that many factors are involved in the pro-
pensity for various kinds of paranormal beliefs, including so-
ciocultural traditions (e.g., being raised by a caregiver with
similar beliefs; Braswell, Rosengren, & Berenbaum, 2012)
and the psychological benefits that such beliefs might afford
(e.g., enhanced meaning in life; see Kennedy, Kanthamani, &
Palmer, 1994; Parra & Corbetta, 2013). These findings sug-
gest that paranormal beliefs are influenced by a variety of
individual differences, and they raise the question as to wheth-
er other factors – such as individual differences in cognition –
also contribute to the propensity for paranormal beliefs.
Cognitive differences may be particularly relevant to beliefs
in psychic phenomena (e.g., ESP or clairvoyance), because
unlike other kinds of supernatural beliefs (e.g., ghosts or
UFOs), psychic beliefs have a metacognitive component: By
definition, they require thinking about the cognitive abilities
and limitations of the human mind.

With the current research we investigated the cognitive
differences hypothesis that has been put forth in the literature,
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or the idea that individual differences in psychic beliefs are
related to differences in the way people tend to process infor-
mation about the world (e.g., Blackmore, 1992; see Irwin,
2009). It is important to note up front that such cognitive
differences – if they exist – need not be considered inherently
Bgood^ or Bbad,^ nor would they necessarily imply differ-
ences in overall cognitive ability or potential for success.
Indeed, prior studies have failed to find consistent links be-
tween various kinds of paranormal beliefs (including psychic
beliefs) and global measures of intelligence (e.g., Smith,
Foster, & Stovin, 1998; Watt & Wiseman, 2002; Musch &
Ehrenberg, 2002) or academic achievement (e.g., Messer &
Griggs, 1989; Tobacyk, Miller, & Jones, 1984), providing
little evidence for differences in overall cognitive ability.
Rather than making such global characterizations of believers
and skeptics, our goal with this research was to determine the
extent that individual differences in paranormal beliefs are
related to differences in information processingwithin specific
cognitive domains. Such differences might be driven by
domain-specific abilities, or they might be driven by more
flexible information processing styles that, in turn, could be
influenced by other factors (e.g., speed–accuracy trade-offs,
personality characteristics, motivation). Regardless of the
cause, such cognitive differences might contribute to the de-
velopment and reinforcement of psychic beliefs, but few stud-
ies have tested for cognitive differences between those who
believe in psychic phenomena and those who do not.

With respect to specific cognitive domains, our primary
focus was episodic memory accuracy, or one’s susceptibility
to memory errors and distortions (for reviews of individual
differences in various memory distortions, see Gallo, 2010;
Zhu et al., 2010). According to the memory distortion
hypothesis, an enhanced susceptibility to memory errors and
biases increases the likelihood that some people will selective-
ly recall facts or events that support their psychic beliefs (see
also Blackmore, 1992). For example, a believer may be biased
to selectively remember a fortuneteller’s correct predictions or
to distort their own memory to conform to these predictions,
helping to create and reinforce their beliefs in such psychic
phenomena. A greater propensity for memory distortions also
might increase the likelihood of believers misattributing nor-
mal experiences to psychic ones. One might dream about a
prior experience and then later misremember the dream as
preceding the experience (e.g., a psychic vision). Similarly,
onemight have an initial conversation with a friend about their
feelings, and then later forget this conversation and instead
misattribute a deep understanding of their friend’s feelings to
a paranormal sense of intuition or ESP. In general, according
to this hypothesis, an increased susceptibility to memory dis-
tortions could affect one’s sense of reality in ways that could
support an individual’s psychic beliefs.

To our knowledge, no prior research has investigated the
possible link between memory distortion and psychic beliefs

in particular, but an influential pair of studies by McNally and
colleagues is relevant to the memory distortion hypothesis.
These studies used the DRM false memory illusion
(Roediger & McDermott, 1995), which measures people’s
propensity to falsely remember nonpresented words after
attempting to memorize lists of semantically associated
words. Clancy, McNally, Schacter, Lenzenweger, and
Pitman (2002) found that individuals who claimed to have
memories of being abducted by extraterrestrial aliens were
more susceptible to the DRM memory illusion compared to
control participants (i.e., people who did not report being
abducted by aliens). Similarly, Meyersburg, Bogdan, Gallo,
and McNally (2009) found that individuals who claimed to
have memories from past lives (e.g., reincarnation) also were
more prone to the DRM illusion than control participants.
These studies demonstrate a link between false memories
and paranormal beliefs, suggesting that psychic beliefs also
might be related to memory distortion. However, a limitation
to this conclusion is that participants in these studies were
intentionally recruited because they claimed to havememories
of paranormal experiences. Assuming that these paranormal
experiences did not actually happen, these participant recruit-
ment methods conflated the two factors of interest here (i.e.,
propensity for memory distortion and paranormal beliefs). In
order to test the hypothesis that paranormal belief is related to
memory distortion more generally, one would need to recruit
participants solely on the basis of paranormal belief and then
test for differences in memory distortion.

Although no studies have investigated the potential link
between memory distortion and psychic beliefs, a few studies
have investigated the link between more general paranormal
beliefs and memory accuracy, and the results have been
mixed. Blackmore and Rose (1997) and Rose and
Blackmore (2001) found no relationship between paranormal
beliefs and memory accuracy on a task in which college
undergraduates had to differentiate between seen and
imagined objects in memory. French, Santomauro,
Hamilton, Fox, and Thalbourne (2008) did not find a signifi-
cant relationship between personally reported extraterrestrial
alien contact experiences and false memory on the DRM task
(in contrast to Clancy et al., 2002) but did find a weak positive
relationship between false memory and self-proclaimed para-
normal experiences and abilities. Finally, Corlett and
colleagues (2009) found that magical thinking (including be-
liefs in paranormal phenomena) was positively related to the
DRM illusion in a sample of college undergraduates. It is
unclear why these relationships were only sometimes found,
but the use of relatively small sample sizes and a limited num-
ber of memory tasks make this literature difficult to interpret.

Despite the unclear pattern of results from these studies, there
have been consistent correlations between beliefs in various
paranormal phenomena and other personality characteristics
that, in turn, have been linked to laboratory measures of
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memory distortion. For example, Glicksohn and Barrett (2003)
found a relationship between paranormal beliefs, absorption,
and hallucinatory experiences, and Wilson and French (2006)
linked paranormal beliefs to dissociativity, absorption, fantasy
proneness, and hypnotic suggestibility. In general, individual
differences in absorption and dissociative experiences have been
found to correlate with propensity for memory distortion (see
Eisen&Lynn, 2001; Gallo, 2010). If thesemetrics are correlated
with both false memories and paranormal beliefs, then perhaps
there also is a direct relationship betweenmemory distortion and
psychic beliefs.

In addition to memory distortion, the current research also
investigated the potential link between individual differences
in psychic beliefs and analytical or critical thinking.
According to the analytical thinking hypothesis, differences
in analytical or critical thinking could promote psychic beliefs,
to the extent that believers are less likely than skeptics to
scrutinize evidence that may not support their beliefs.
Consistent with this hypothesis, several studies have found a
negative relationship between psychic beliefs and syllogistic
reasoning tasks thought to tap analytical thinking (e.g.,
Roberts & Seager, 1999; Watt & Wiseman, 2002; Wiseman
& Watt, 2006). In general, this research on psychic beliefs is
consistent with studies linking other kinds of paranormal be-
liefs to less analytic or critical thinking (see Gervais &
Norenzayan, 2012; Pennycook, Cheryne, Sleli, Koehler, &
Fugelsang, 2012), including less critical evaluation of hypo-
thetical arguments (Stanovich & West, 1998; Svedholm &
Lindeman, 2012) or an increased likelihood of endorsing con-
spiracy theories that most people reject based on careful scru-
tiny of the evidence (Bruder, Haffke, Neave, Nouripanah, &
Imhoff, 2013; Lobato, Mendoza, Sims, & Chin, 2014).
Although group differences in analytical thinking and logic
tasks have not always been observed (compare Dagnall,
Drinkwater, Parker, & Rowley, 2014, to Rogers, Davis, &
Fisk, 2009), these represent some of the most reliable cogni-
tive difference between paranormal believers and skeptics ob-
served to date.

Current study

The primary goal of the current study was to provide a com-
prehensive test of the memory distortion hypothesis, testing
the prediction that individual differences in memory accuracy
and distortion will be associated with paranormal psychic be-
liefs. We tested this hypothesis using a combination of labo-
ratory and online tasks as well as multiple memory measures
that included both episodic memory and autobiographical
memory tasks. We also tested working memory, which has
been linked to individual differences in memory distortion in
other studies (Watson, Bunting, Poole, & Conway, 2005;
Unsworth & Brewer, 2009). A secondary goal of the current

research was to investigate the potential links between psychic
beliefs and measures of analytical thinking and personality
characteristics. Given that prior research has linked these mea-
sures to paranormal beliefs in general, we set out to replicate
these findings and extend them to psychic beliefs in particular.

In all three of our studies, we measured individual differ-
ences in psychic beliefs in large online samples using a self-
report questionnaire coupled with an open-ended question
about one’s reasons for their belief or skepticism.
Independent online samples were recruited for each study,
from which groups of strong believers and skeptics were re-
cruited for follow-up cognitive testing. For each of our studies,
groups were matched on key demographics (age, sex, years of
education), and in two of our studies we also matched be-
lievers and skeptics on academic achievement (self-reported
GPA). These matching procedures ensured that any observed
cognitive differences could be attributed to specific cognitive
domains as opposed to more general intellectual functioning
or academic achievement.

We took a between-groups approach, rather than treating
paranormal belief as a continuous individual difference vari-
able, for both theoretical and practical reasons. On the theo-
retical side, while beliefs in psychic phenomena can range in
confidence or strength, it could be argued that there is a cate-
gorical difference between strongly believing that paranormal
phenomena exist and strongly believing that they do not exist.
Similar to other research in this field (e.g., Riekki, Lindeman,
Aleneff, Halme, & Nuortimo, 2013), our research question
was aimed at comparing strong believers and strong disbe-
lievers while excluding those that do not strongly believe
but would remain open-minded or agnostic. To the extent that
believers and skeptics differ on cognitive measures, an ex-
treme groups approach should be able to detect this difference.
On the practical side, our approach involved multiple sessions
of rigorous cognitive testing that would be unfeasible in a
larger sample that included more agnostic individuals.
Instead, we used a multistaged procedure to recruit targeted
groups of strong believers and strong skeptics, thereby in-
creasing the likelihood of adequate statistical power to detect
group differences on our cognitive measures. This between-
groups approach represents an efficient way to test for possi-
ble differences between believers and skeptics across multiple
cognitive domains, even though this approach obviously over-
simplifies the complexity of individual beliefs.

We conducted three independent studies so that we could
administer different kinds of cognitive tasks and also attempt
to replicate key findings across independent samples.Memory
accuracy and distortion was measured with three tasks. (1) A
version of the Deese-Roediger-McDermott task (DRM;
Roediger & McDermott, 1995), which tested participant’s
memory for studied words as well as false memory for
nonstudied but associated words. (2) A criterial recollection
task (CRT), which required participants to accurately recollect

244 Mem Cogn (2016) 44:242–261



different kinds of information (e.g., font color or pictures)
associated with studied words (Gallo, 2013). (3) An imagina-
tion inflation task (IIT), which used guided imagery to bias
estimates of the occurrence of childhood events from autobio-
graphical memory (Garry, Manning, Loftus, & Sherman,
1996). We assessed working memory with the reading-span
(RSPAN) and operation-span (OSPAN) tasks (Daneman &
Carpenter, 1980; Turner & Engle, 1989).

In addition to these memory tasks, we included several
measures tapping different aspects of analytical or critical
thinking across the three studies. (1) The Shipley Institute of
Living Scale (Zachary, 1986), which contains a logical reason-
ing component in which participants are required to look at a
pattern of letters, numbers, or words and indicate the next item
in the pattern. The Shipley also includes a vocabulary test. (2)
An argument evaluation task (AET; Stanovich &West, 1997),
which requires participants to evaluate the quality of the posi-
tions and arguments that other people make when debating
various public issues. (3) The remote associations test
(Mednick, 1962), in which participants are given three words
(e.g. stalk, trainer, king) and required to solve the puzzle by
identifying the fourth word that connects all three (lion). (4) A
conspiracy theories questionnaire, based on items from Oliver
and Wood (2014), which assessed the likelihood that partici-
pants would endorse conspiracy theory statements about cur-
rent and historical events relative tomatched control items as a
baseline.

Finally, we included several personality and self-report
measures that have previously been linked to propensity for
memory distortion. These included the Dissociative
Experiences Questionnaire–Comparative (DES-C; Wright &
Loftus, 1999), the Tellegen Absorption Scale (TAS; Tellegen
& Atkinson, 1974), and the Need for Cognition Questionnaire
(Cacioppo, Petty, & Kao, 1984). We also asked participants a
few exploratory questions to target other aspects of their
worldview. One set of questions assessed their beliefs in
Darwin’s theory of biological evolution. This set of questions
was included to determine whether beliefs in paranormal psy-
chic phenomena generalized to a rejection of all kinds of sci-
entific beliefs, or instead, whether they were specific to the
existence of paranormal phenomena. Another question asked
about overall life satisfaction, as research has found that para-
normal beliefs are associated with greater meaning in life and
well-being (Kennedy et al., 1994; Parra & Coretta, 2013),
suggesting that these kinds of beliefs might have beneficial
properties in some individuals.

Method

In this study, we report how we determined our sample size,
all data exclusions (if any), all manipulations, and all measures
in the study (Simmons, Nelson, & Simonsohn, 2012)

Participant recruitment

Each of the three studies had the same overall structure. In the
initial screening stage, hundreds of participants took part in an
online procedure that measured psychic beliefs with a modi-
fied version of the Australian Sheep-Goat Scale (ASGS;
Thalbourne & Delin, 1993), which is described more thor-
oughly below. Individuals with the highest scores (strongest
believers) and lowest scores (strongest skeptics) were invited
to participate in additional cognitive testing, provided that
they were between the ages of 18 and 35 and had not experi-
enced severe brain injury/disease or other form of cognitive
decline (self-report). In all three studies we aimed to match
these groups of skeptics and believers on age, sex, and years
of education, and we further matched for self-reported GPA in
Studies 2 and 3. In Study 1, the initial screening phase was
advertised on Craigslist in the Chicago area, and participants
who passed the screening stage were recruited to come into
the laboratory and complete the cognitive tasks and other
measures described below. In Studies 2 and 3, the initial
screening phase was advertised nationally on Amazon
Mechanical Turk, and participants who passed the screening
stage were recruited to take the cognitive tasks and other mea-
sures online. In these studies, we sought to replicate and ex-
tend the findings from Study 1 in a broader online population.
(See Fig. 1 for a graphical representation of the study
procedures.)

In each study we tested at least 40 believers and 40
skeptics for the final group comparisons. A power analysis
of Meyersburg et al. (2009), who found differences be-
tween believers in past lives and nonbelievers in the
DRM task (i.e., one of the primary measures in our
study), revealed that a sample size of 30 should be suffi-
cient to detect a similar group difference between psychic
believers and skeptics (80 % power to detect a mean
group difference of 14 % in false recall, SD = .22, α =
.05, one-tailed). Our final sample sizes in each study were
larger than this, in part because we recognized that a more
common between-groups comparisons in the DRM litera-
ture (i.e., younger vs. older adults) typically uses more
participants than had been used in Meyersburg et al.
(2009). Given that 40 participants per group would be a
relatively large sample size compared to the expansive ag-
ing literature with this task, we reasoned that testing this
number of participants (or more) in each group of the cur-
rent study would give us sufficient power to detect an
effect at least as large as the aging effect on memory dis-
tortion, thereby providing a concrete anchor for evaluating
our current effects. We also overrecruited participants in our
online sampling procedure to ensure a sufficient number
would take part in the follow-up sessions. Sampling also
was constrained by our group matching procedures for each
study, as described below.
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Study 1 sample

In this study, 731 (256 male, mean age = 27.8 years before
exclusion) individuals were initially screened and recruited
via Chicago Craigslist in exchange for entry into a raffle for
a $100 Amazon.com gift card. Four hundred ninety-four (197
male, mean age = 26.5 years) of these individuals were invited
to take part in a follow-up study in the laboratory based on
their psychic belief scores and prescreening qualifications.
Forty-two believers (21 male, mean age = 27.3 years) and
42 skeptics (18 male, mean age = 26.5 years) came into the
laboratory in exchange for $35. These samples did not differ
in age, t(82) = .76, p > .25, years of education, t(82) = 1.41, p =
.16, or sex, χ2 = 0.43, p > .25.

Study 2 sample

In this study, 807 (444 male, mean age = 32.5 years before
exclusion) individuals were initially screened and recruited on
Amazon Mechanical Turk in exchange for $0.50 and the op-
portunity to potentially participate in a two-part online follow-
up study for additional compensation in the following weeks
($9.50). In this screening, in addition to providing all of the

information used in Study 1 (i.e., psychic beliefs, demo-
graphics, and life satisfaction), participants reported their av-
erage high school grades (from A+ to F) in three types of
classes: math, English, and creative arts. Individuals also com-
pleted the initial baseline phases of two tasks (described
below).

Approximately 431 (110 believers) qualified for the study
(i.e., believers and skeptics who could commit to all 3 days).
Of these individuals, 166 people (88 male, mean age =
26.8 years) matched on age, gender, and years of education,
were invited to complete the follow-up study across two
waves of recruitment. To achieve this match, qualified be-
lievers and skeptics were selected for recruitment on the basis
of these three characteristics so that both groups’ distributions
were similar. Of these individuals, 56 believers (27 males,
mean age = 27.04) and 59 skeptics (32 males, mean age =
27.44) completed at least some part of the follow-up study.
These samples did not differ in age, t(113) = .50, p > .25,
years of education, t(113) = .40, p > .25, self-reported
GPA, t(113) = .80, p > .25, or sex, χ2 = 0.42, p > .25.
Some participants failed to complete the online tasks in this
study and in Study 3, so for clarity we report the specific
sample size in the context of each study.

Fig. 1 Note. A graphical representation of study procedures. CRT = criterial
recollection task; TAS = Tellegen Absorption Scale; DES-C = dissociative
experiences scale–comparative; AET = argument evaluation task; IIT =

imagination inflation task; RSPAN/OSPAN = reading span/operation span
working memory tasks; RAT = remote associations task
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Study 3 sample

In this study, 1,003 (522 male, mean age = 33.9 years before
exclusion) individuals were screened and recruited on
Amazon Mechanical Turk using the same procedures as in
Study 2. The initial screening process included identical mea-
sures as in Study 2, and participants also filled out the DES-C
(Wright & Loftus, 1999).

Approximately 402 (157 believers) qualified for the study
(i.e., believers and skeptics who could commit to all 3 days).
Of these individuals, 152 people (83 male, mean age =
27.0 years) matched on age, gender, years of education, and
self-reported GPA were invited to complete the follow-up
study across two waves of recruitment. To achieve this match,
qualified believers and skeptics were selected for recruitment
on the basis of these three characteristics so that both groups’
distributions were similar. Of these individuals, 47 believers
(22 male, mean age = 27.4 years) and 48 skeptics (27 male,
mean age = 27.0 years) completed at least part of the follow-
up study. These samples did not differ in age, t(93) = .46, p >
.25, self-reported GPA, t(93) = .38, p > .25, or sex, χ2 = 0.85, p
> .25. Although the follow-up samples in Study 3 were re-
cruited to be matched on years of education, of the individuals
who followed through and completed the study, the skeptics
had more years of education than the believers (skeptic mean
= 15.8 years, believer mean = 14.6 years), t(93) = 2.37, p =
.02. To address this in a supplementary analysis, data from
seven believers and eight skeptics (so that n = 40 for each)
were removed from the sample to match the groups on years
of education, and statistical analyses of these groups yielded
the same results and conclusions as reported below.

Psychic beliefs questionnaire

All participants were given the Australian Sheep-Goat Scale
(ASGS; Thalbourne & Delin, 1993) to measure paranormal
psychic belief or skepticism. The original ASGS is composed
of 16 true–false questions that measure one’s belief in various
psychic phenomena and is highly reliable (Cronbach’s α =
0.91 in Storm & Thalbourne, 2005). It contains three catego-
ries of items: belief in extrasensory perception (ESP, the abil-
ity to predict the future), psychokinesis (the ability to move
objects using the power of one’s mind), and telepathy (the
ability to read another’s thoughts or feelings). Sample items
include BI believe that it is possible to gain information about
the future before it happens, in ways that do not depend on
rational prediction or normal sensory channels^ and BI have
had at least one vision that was not a hallucination and from
which I received information that I could not have otherwise
gained at that time and place.^ In order to increase sensitivity,
wemodified the scale such that participants rated the degree of
their belief for each item on a scale from 1 (no belief) to 6
(very ardent belief). Because our interest was in beliefs about

paranormal or supernatural psychic phenomena in general as
opposed to idiosyncratic interpretations of some of the items
or categories of items, we calculated a single score that aver-
aged each individual’s responses across all 16 items on the
scale. Based on the data from the first 219 participants in
Study 1, participants who were within the top third of ASGS
scores (a score greater than or equal to 3.875) were classified
as Bbelievers,^ and participants who were within the bottom
third of ASGS scores (a score less than or equal to 2.875) were
classified as Bskeptics.^ We used these same cutoffs for all of
our studies in order to keep our definition of Bbelievers^ and
Bskeptics^ consistent. Cronbach’s α for this scale with the
original 192 participants on the scale was 0.90. Cronbach’s
α for all 2541 participants who completed the ASGS was
0.95.

In addition to these specific paranormal belief questions,
we asked participants to describe their reasons for their belief
or skepticism about psychic phenomena. This question used
an open-ended free response format, allowing participants to
respond however they chose. For the believers in psychic
phenomena that were ultimately included in our studies, the
most frequently cited reasons to believe were frequent feelings
of déjà vu, personal dreams and experiences that seemed psy-
chic, or having shared paranormal beliefs with family or
friends. For the skeptics that were ultimately included, they
most frequently cited lack of scientific evidence or lack of
personal psychic experiences as driving their belief that such
phenomena do not exist.

Study 1 measures

For Study 1, participants were recruited online, and follow-up
testing occurred in a single session in the lab. We assessed
episodic memory accuracy and distortion using a modified
version of the DRM recall task (Roediger & McDermott,
1995) and the criterial recollection task (CRT; Gallo,
McDonough, & Scimeca, 2010). Analytical thinking was
assessed using the Shipley Institute of Living Scale (Zachary,
1986). We also gave questionnaires to assess absorption
(Tellegen & Atkinson, 1974), dissociative experiences
(Wright & Loftus, 1999), and need for cognition (Cacioppo
et al., 1984).

DRM recall task This task allowed us to assess false memory
for nonstudied words under conditions where participants
were motivated to try to avoid false memories. The study
materials were 24 DRM lists of 15 words each that elicited
high levels of false recall in the Stadler, Roediger, and
McDermott (1999) norms. Each list was presented as a group
of auditory stimuli presented by a speaker on the computer
(each word presented for 1–1.5 s, with 250 ms interstimulus
interval). Participants were informed that they would encoun-
ter several word lists and were asked to try to remember as
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many words from the lists as possible. For the first 12 word
lists, participants were given no warning that the words would
be related to critical lures, as in the original task in Roediger
and McDermott (1995). After studying and recalling these
first 12 word lists, participants were forewarned that each list
was associated to a word that was not actually in the list, and
they should avoid falsely recalling these critical lures (as in
Gallo, Roberts, & Seamon, 1997). To illustrate this relation-
ship, they were given an example of a DRM list and its critical
lure, and during the recall tests, participants were given a
special box in which to write down the critical lure if they
could identify it (Carneiro, Garcia-Marques, Fernandez, &
Albuquerque, 2014). After studying each list, participants
were given 1 minute to write down as many words as they
could remember and attempt to identify the critical lure. This
task yielded three critical measures: true recall of studied
words (both sets of lists), false recall of critical words (both
sets of lists), and the ability of participants to correctly identify
the missing critical words (only on the second set of lists). We
also administered a recognition memory test following the
recall of all of the lists, but because the results from this test
tracked the pattern of group effects found on the recall tests,
we only report the recall results here for simplicity.

Criterial recollection task (CRT) This task assesses the ac-
curacy with which people recollect information that varies in
distinctiveness (Gallo et al., 2010). Stimuli were 360 easily
recognizable colored pictures (e.g., umbrella, dragon, socks)
and their corresponding verbal labels presented in large red
font. Pictures were colored images collected from various
Internet sources, with the object cropped from surrounding
context. All pictures or words were presented with a white
background on the computer screen. The study phase of the
CRT was divided into two blocks: studying red words and
studying pictures, the order of which was counterbalanced
across participants. During the red-word study block, individ-
uals were presented with a word in black font for 500 ms, and
after a 100ms delay, the sameword in larger red font for 1,200
ms. After seeing the red word, in order to retain attention,
participants’ were asked to respond (Y/N) about whether the
given item could be made in a factory. During the picture
study block, individuals were instead presented with a word
in black font for 500 ms, and after a 100 ms delay, a picture
representing that word for 1,200 ms. In order to maintain
participants’ attention during this task, they were asked to
judge whether the image was a highly detailed representation
of the word. There were 150 trials total within each study
block, and a 150 ms interstimulus interval between trials.
Half of the items were studied in both formats (i.e., they were
presented as both a picture and a red word), whereas the other
items were presented only in one of the formats.

Each participant took three different recollection tests. On
each test, the retrieval cues were black words corresponding to

items from each study format (red words and pictures)
intermixed with nonstudied items. The tests differed in the
retrieval instructions. On the picture test, participants were
instructed to respond Byes^ if they recollected that the test
item had been studied as a picture (i.e., items that were only
studied as a picture and items that were studied in both for-
mats), otherwise Bno^ (i.e., items that were only studied as a
red font or nonstudied items). On the red-word test, partici-
pants were instructed to respond Byes^ if they recollected that
the test item had been studied in red font (i.e., items that were
only studied in red font and items that were studied in both
formats), otherwise Bno^ (i.e., items that were only studied as
a picture or nonstudied items). On these tests, because some
test items had been studied in both formats, participants were
told to focus only on recollecting the criterial information
(e.g., red words or pictures). The exclusion test was similar
to the red-word test except we did not include items studied in
both formats so that if participants recollected a picture they
could be sure that the item was not studied in a red font. Thus,
whereas the red-word test and picture test allowed us to selec-
tively assess recollection accuracy for words and pictures,
respectively, the exclusion test assessed recollection accuracy
under conditions where an exclusion rule could be employed.

Tellegen absorption scale (TAS) Absorption is defined as
one’s openness to experiences that are absorbing or self-
altering (Tellegen & Atkinson, 1974). The original scale con-
sists of 34 true–false items in which participants rate how
often a particular scenario measuring absorption applies to
them. We used a modified version of the scale (Nadon,
Hoyt, Register, & Kihlstrom, 1991), ranging on a scale of 0
to 3, where 0 means never, 1 means rarely, 2 means
sometimes, and 3 means often. An example of an item from
the TAS is BIf I wish I can imagine (or daydream) some things
so vividly that they hold my attention as a goodmovie or story
does.^ Individual scores were calculated as an average sum of
the ratings on each item. This scale has been found to have
high levels of internal reliability (r = .88) and high test–retest
reliability (r = .91; Tellegen, 1982). This version of the scale
was highly reliable, with a Cronbach’s α of 0.95 in our study.

Dissociative experiences scale (DES) The DES-C measures
the extent to which people believe they experience
dissociativity in comparison to others, and it is highly reliable
(α = 0.93; Wright & Loftus, 1999). Dissociativity can be
defined as the occasional failure to integrate experiences into
consciousness, similar to absent-mindedness. On the DES-C,
participants make a rating between 1 and 10 as to how often
they feel they have particular dissociative experiences in com-
parison to other people. An example of an item from the DES-
C is BSome people find that sometimes they are listening to
someone talk and they suddenly realize that they did not hear
part or all of what was said.^ The scale was highly reliable in
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our study (Cronbach’s α = 0.93). Scores for each participant
were computed by averaging across all individual items.

Shipley institute of living scale This scale has two parts: the
first part is a vocabulary test, whereas the second part is an
analytical test that measures reasoning or logic (Zachary,
1986). The vocabulary test contains 40 multiple-choice ques-
tions. For example, if given the word orifice, to which the
possible choices are brush, hole, building, and lute, partici-
pants must select the word that most closely corresponds to
the meaning (hole). The logic test contains 20 fill-in-the blank
questions in which participants must complete a sequence of
letters, numbers, of words. For example, given the words
Bescape, scape, cape, _ _ _ ,^ participants must fill in the three
blank spaces with letters that complete the pattern (Bape^).
Scores were computed by summing the total number of cor-
rect responses on each part of the task.

Need for cognition scale This 18-item scale was included to
determine whether there were differences between believers
and skeptics in how much they willingly engage in difficult
cognitive tasks. It is a scale from 1 to 5 in which participants
indicate how Bcharacteristic^ a particular statement about cog-
nitive motivations is of them. For example, one item reads, BI
would prefer complex to simple problems.^ The scale was
reliable in our study (Cronbach’s α = 0.88). Scores were com-
puted by averaging ratings for each participant.

Study 2 measures

For Study 2, participants were recruited online and then took
two follow-up online testing sessions with each of the three
sessions separated by a week. Online tasks were administered
using the Inquisit Web Software Package 4.0.5 (Millisecond
Software LLC., Seattle, WA) and Qualtrics (Qualtrics, Provo,
UT). Memory distortion was assessed using an imagination
inflation task. Analytical thinking was assessed using an ar-
gument evaluation task, the remote associations tests, and a
conspiracy questionnaire. Working memory was assessed
using two different span tasks.

Imagination inflation task (IIT) This task is designed to
create autobiographical memory bias or distortion by using
guided mental imagery (Garry et al., 1996). Participants were
presented with 16 different events and were asked to rate the
likelihood of the event having occurred during childhood on a
scale of 1 (definitely did not happen) to 8 (definitely did
happen). Examples of these events include BTrip and smashed
hand through a window^ and BFound some keys that one of
my parents lost.^ One week later, participants were taken
through guided imagery for eight of these events. For exam-
ple, Bimagine that it’s after school and you are playing in the
house. You hear a strange noise outside, so you run to the

window to see what made the noise. As you are running, your
feet catch on something and you trip and fall. Next, imagine
that as you’re falling you reach out to catch yourself and your
hand goes through the window. As the window breaks you get
cut and there’s some blood.^

Participants were asked a few questions about each scenar-
io to make sure they were actually trying to imagine the situ-
ation during the imagery task, such as BWhat did you trip on?^
One week after the imagery, participants were again asked to
rate the likelihood that the event happened in their childhood.
Two scores were calculated for each participant: the average
difference between the event likelihood ratings from the final
day and the initial day for imagined items, and also for control
items that were not imagined.

Argument evaluation task (AET) This task is designed to
examine individual differences in critical thinking, or reason-
ing about the quality of an argument’s structure while
avoiding one’s personal beliefs about the issue under argu-
ment (Stanovich & West, 1997). The task consists of two
phases. In the first phase, participants rate their agreement
with 15 different propositions about social and political issues
on a scale consisting of strongly disagree, disagree, agree, and
strongly agree. For example, one proposition was BCapital
punishment should be outlawed.^One week later, participants
read a passage about Dale, a fictitious individual, whose argu-
ments they were instructed to evaluate. For each item, Dale
stated a belief about a particular issue. These statements were
identical to the items rated in the first phase. After this, he
provided justification for this belief (e.g. BCapital punishment
should be outlawed because killing is wrong and the moral
costs of sentencing an innocent person to death are too
great.^). A critic then presents an argument to counter this
justification (e.g. BThe prison system is very overcrowded,
and it costs the state over $25,000 per prisoner each year to
maintain each prisoner.^). Finally, Dale attempts to rebut this
argument with a counterargument (e.g. BThe cost to the state
of processing a capital punishment case through to completion
averages about 10-million dollars in court and legal costs for
each case.^). Participants were told to evaluate the strength of
Dale’s rebuttal to the counterargument on a scale of 1 to 4
(very weak, weak, strong, and very strong).

In order to evaluate each participant’s performance on the
AET, we used the method described in the original Stanovich
and West (1997) study. Specifically, for each participant, re-
sponses across the 15 test items served as the criterion variable
(i.e., the participant’s final assessment of the quality of each of
Dale’s 15 rebuttals), which was regressed simultaneously on
(a) the participant’s prior belief scores for each of the 15 items
(reported in the first phase of the study) and (b) the actual
quality of Dale’s 15 rebuttals (established by a panel of experts
in the Stanovich and West, 1997, study). This procedure gen-
erated two beta weights for each participant: one that
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quantified the strength of the correlation between the partici-
pant’s ratings of argument quality and actual quality according
to the panel of experts, independent of prior beliefs, and a beta
weight that quantified the strength of the correlation between
the participant’s ratings of argument quality and their prior
beliefs, independent of expert ratings. The former beta weight
was the dependent variable that was used for group
comparisons.

Working memory tasks Working memory was measured
using the reading span (RSPAN) and operation span
(OSPAN) tasks (Daneman & Carpenter, 1980; Turner &
Engle, 1989). Participants received five sets for each span
task, with each set containing seven to-be-remembered items.
For each set of the RSPAN, participants were required to read
a series of grammatically correct sentences and at the end of
each sentence make a judgment as to whether or not the sen-
tence was valid. An example of a valid sentence was BThe
seventh graders had to build a volcano for their science class,^
whereas an example of an invalid sentence was BDuring the
week of final spaghetti, I felt like I was losing my mind.^ For
each set of the OSPAN, participants were instead given a
mathematical equation, and asked to indicate whether or not
the equation was valid. An example of a valid equation was
B(7 * 2) + 1 = 15,^ whereas an example of an invalid equation
was B(8 * 2) - 5 = 15.^ After each sentence or mathematical
validity judgment, a to-be-remembered target word was
flashed on the screen for 1 second. At the end of each set of
seven items, participants were asked to recall as many of these
target words as possible in order. It should be noted that while
seven items is a larger number than that found typically in
working memory tasks, we chose this to avoid ceiling effects
in our participants’ performance on this task. We were not
concerned about floor effects, and for the most part, partici-
pants performed very well even with these challenging trials.
Two scores were calculated for each participant: the average
number of words correctly recalled in the RSPAN and the
average number of words correctly recalled in the OSPAN.
The percentage of trials in which participants correctly iden-
tified whether the item was valid was used as a manipulation
check to make sure participants were complying with the in-
structions of the task.

Conspiracy questionnaire The conspiracy questionnaire was
intended to assess the degree to which participants endorse
various conspiracy theories. It consisted of 20 items, 10 of
which were conspiracy theories taken from Oliver and Wood
(2014) and 10 of which were created to act as nonconspiracy
controls. Whereas conspiracy items represented controversial
theories of public events or situations that (by definition) are
generally believed to have little substantial evidence, the con-
trol items were about noncontroversial public events or situa-
tions that are generally accepted as fact. An example of a

conspiracy item is BPresident Barack Obama was not really
born in the United States and does not have an authentic
Hawaiian birth certificate.^ An example of a control item is
BPresident Bill Clinton was impeached by the House of
Representatives based on perjury and obstruction of justice
but was subsequently acquitted by the Senate.^ Participants
were asked (1) whether or not they had heard of the claim
before and (2) how strongly they agreed with each theory on
a -2 to 2 scale, from strongly disagree to strongly agree. Two
scores were calculated for each participant: the average agree-
ment rating for conspiracy items and the average rating for
control items.

Remote associations task (RAT) In this task, participants
were given a triad of words that are closely related to a fourth
word and were asked to identify the fourth word. One example
was falling, actor, dust (solution: star). Scores were computed
by calculating the percentage of items correctly solved. The
version of the RAT used in this study consisted of 18 items
(items taken from Bowers, Regehr, Balthazard, & Parker,
1990; Mednick, 1962; Mednick & Mednick 1967; see
Shames, 1994).

Study 3 measures

Study 3 took place in three online sessions, similar to Study 2.
This study included measures that had yielded significant
group differences in the prior studies in order to determine
the extent that these measures would independently replicate.
These measures included the warning version of the DRM
task, the working memory tasks, the argument evaluation task,
the Shipley Institute of Living Scale, the remote associations
task, and the conspiracy questionnaire. We also included the
imagination inflation task, because although this task did not
yield group difference in Study 2, we wanted to counterbal-
ance the imagine and control items (see below). As in Study 1,
we also assessed dissociative experiences.

The procedure for the cognitive tasks was similar to Study
1, with the following changes. First, because the DRM task
was presented online in Study 3, each study list was presented
visually (each word presented for 1 s, with a 1.5-s interstimu-
lus interval). Instead of 1 min to recall each list of words
participants had 45 s. For the imagination inflation task in
Study 3, the imagined and unimagined items were reversed
from Study 2 such that the unimagined items in Study 2 were
now the imagined items in this study. This switch was
intended to counterbalance the items in this task across these
two studies.

Finally, in Study 3 we asked participants a few questions
about Darwin’s theory of evolution, including, BAlthough the
details are still being discovered, it is an established fact that
humans evolved from earlier life forms, in a way similar to
natural selection described by Charles Darwin,^ BIf true, then
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the theory of evolution makes it very unlikely that the poten-
tial for kindness or goodness to strangers is innate or geneti-
cally programed,^ BA very strong belief in evolution neces-
sarily leaves a person feeling empty or hopeless about the fate
of humanity,^ BThere are certain things science cannot fully
explain, like the existence of consciousness, or why the uni-
verse exists in the first place,^ and BOverall, I am satisfied
with my beliefs in how the universe works.^ We also gave a
question about life satisfaction: BOverall, I am satisfied with
my life and my future potential.^

Results

Results from the various measures are organized by the hy-
pothesis to which they are most relevant. Based on the cogni-
tive differences hypothesis and related findings in the litera-
ture, our a priori predictions were that skeptics would outper-
form believers on the measures of memory distortion and
analytical thinking but that believers would have higher dis-
sociation, absorption, and life satisfaction scores. All tests of
statistical differences reported below used the cutoff of p < .05
(two-tailed), except where otherwise noted. Because p values
do not provide evidence in favor of the null hypothesis, we
also computed the Bayesian information criteria (BIC) for
each major comparison; a probability pBIC(H1|D) of .50-.75
is considered as weak evidence in favor of alternative hypoth-
esis, .75-.95 is positive evidence, .95 to .99 is strong evidence,
and >.99 is considered very strong evidence (Masson, 2011).
Furthermore, the inverse of this value is pBIC(H0|D), a mea-
sure of probabilistic evidence for the null hypothesis.
Correlation matrices for key measures from Studies 1, 2, and
3 can be found in the Appendix.

Memory distortion measures

DRM false memory task The DRM task was administered in
Study 1 (n = 42 in each group) and Study 3 (believer n = 47,
skeptic n = 48). As can be seen from the data in Fig. 2, par-
ticipants correctly recalled studied words more often than they
falsely recalled nonstudied associates (i.e., critical lures), but
there also was reliable false recall of critical lures even in
conditions where participants were warned to avoid false re-
call. In contrast, false recall of noncritical words was overall
very low. These patterns are consistent with previous literature
using this task (see Gallo, 2006). As expected, warned partic-
ipants also were able to correctly identify some but not all of
the critical nonpresented words, similar to Carneiro et al.
(2014).

With respect to group differences, Study 1 found several
differences, but the only difference to be replicated in Study 3
was the accuracy with which individuals identified the
nonstudied critical lures. In Study 1, for the first 12 word lists

(with no warning), skeptics remembered more studied words
than believers, t(82) = 3.23, p = .001, SEM = .02, d = .73,
pBIC(H1|d) = .96, but there was no difference in critical lures
falsely recalled, t(82) = .32, p = .74, SEM = .05, d = .07,
pBIC(H1|d) = .10 or false recall of noncritical words, t(82) =
-.82, p = .41, SEM = .12, d = . 18, pBIC(H1|d) = .13. For the
word lists with the warning, skeptics correctly recalled more
studied words than believers, t(82) = 2.88, d = .63, SEM = .02,
p = .005, pBIC(H1|d) = .86, and fewer critical lures, t(82) =
2.50, p = .01, SEM = .04, d = .55, pBIC(H1|d) = .71, with no
difference in falsely recalled noncritical words, t(82) = 1.12, p
= .24, SEM = .18, d = .26, pBIC(H1|d) = .18. Skeptics were
also better than believers at successfully identifying the critical
lure as a missing item, t(82) = 2.54, p = .01, SEM = .07, d =
.55, pBIC(H1|d) = .72. In Study 3 there were no significant
group differences in the recall of studied words, t(93) = 1.02, p
= .31, SEM = .03, d = .21, pBIC(H1|d) = .15, false recall of
critical lures, t(93) = 1.09, p = .28, SEM = .03, d = .22,
pBIC(H1|d) = .16, or false recall of noncritical words, t(93)
= .52, p = .61, SEM = .61, d = .10, pBIC(H1|d) = .10 However,
skeptics identified a higher percentage of critical words than
did believers, t(93) = 3.68, p < .001, SEM = .06, d = .75,
pBIC(H1|d) = .98, replicating the finding from Study 1.

Considered as a whole, we did not consistently find group
differences in true recall or false recall across the two DRM
studies, and the only replicated group difference was in iden-
tifying the critical missing word. While this latter measure
may reflect a memory difference, it also might reflect a differ-
ence in analytical thinking (i.e., effectiveness at determining
the missing word). As discussed later, the analytical thinking
interpretation is more consistent with the results from our oth-
er cognitive tasks.

Criterial recollection task Results from the criterial recollec-
tion task are presented in Fig. 3. The criterial recollection task
was administered in Study 1 (n = 42 in each group).
Recollection accuracy was calculated as the ability to discrim-
inate between criterial targets (i.e., items that had been studied
in the criterial format) and noncriterial lures (i.e., items that
had been studied in the noncriterial format) on each of the
three tests. Collapsing across participant groups, the results
replicated prior work with this task (Gallo et al., 2010).
Participants were significantly less accurate on the red-word
test (mean discrimination score = .29) compared to the picture
test (mean discrimination score = .51), t(84) = 7.45, p < .001,
SEM = .03, d = .89, demonstrating an effect of stimulus dis-
tinctiveness on recollection accuracy. Participants also were
less accurate on the red-word test than on the exclusion test
(mean discrimination score: .41), t(84) = 4.52, p < .001, SEM
= .03, d = .44, demonstrating the benefit of the exclusion rule
on recollection accuracy.

With respect to group differences, a direct comparison of
the two groups on each test revealed no accuracy differences
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in the red-word test, t(82) = 0.14, p = .89, SEM = .05, d = .03,
pBIC(H1|d) = .10, picture test, t(82) = 0.79, p = .43, SEM = .05,
d = .17¸ pBIC(H1|d) = .14, or the exclusion test, t(82) = 1.46, p
= .15, SEM = .06, d = .32, pBIC(H1|d) = .24. We also analyzed
recollection confusion scores on each test, which were calculat-
ed as the difference in false alarms to noncriterial lures (i.e.,
items that had been studied in the noncriterial format) and
nonstudied lures on each test. These analyses again revealed
no significant group differences on any of the three tests (all
ts < 1). Overall, there was little evidence for group differences
on the various measures of recollection accuracy from the CRT.

Imagination inflation task Results from the imagination in-
flation task are presented in Fig. 4. This task was administered
in Study 2 and Study 3. Because control and imagined items
were counterbalanced across these two studies, we present
data collapsed across the studies here, although analysis of
each separate study revealed an identical pattern of results.
Data are from the 92 believers and 85 skeptics that completed
all 3 days of the task. Our main dependent variable was the

Fig. 2 Recall DRM performance for believers and skeptics in Study 1
(laboratory) and Study 3 (online). For unrelated lures in Study 1, for the
no warning lists, believers falsely recalled an average of 0.68 ± 0.12,
whereas skeptics falsely recalled 0.56 ± 0.08. For the warning lists,

believers falsely recalled an average of 0.69 ± 0.16 per list, whereas
skeptics falsely recalled 0.48 ± 0.07 per list. In Study 3, believers falsely
recalled an average of 0.20± 0.03 per list, and skeptics falsely recalled
0.19 ± 0.03 per list. Error bars represent standard error of the mean

Fig. 3 Criterial recollection task discrimination scores for believers and
skeptics in Study 1 (laboratory). Discrimination scores were computed by
subtracting false alarms to noncriterial lures (i.e., picture words on the
red-word test) from the hits to criterial targets (i.e., red words on the red-
word test). In addition, we also computed source confusion scores, in
which there were also no group differences (red-word test–believers:
0.23 ± 0.03, skeptics: 0.23 ± 0.04; picture test–believers: 0.11 ± 0.02,
skeptics: 0.11 ± 0.02; exclusion test–believers: 0.15 ± 0.04, skeptics: 0.10
± 0.04). Error bars represent standard error of the mean
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change in ratings of event likelihood from baseline (Day 1) to
follow-up (Day 3), calculated separately for control items
(which were not imagined postbaseline) and imagined items
(which were imagined postbaseline).

To analyze group differences on this task, we conducted a 2
(item type: control change vs. imagined change) × 2 (group:
skeptic vs. believer) mixed ANOVA on these data. This anal-
ysis yielded an effect of item type: F(1, 175) = 4.86, p = .03,
MSE = .55, η2p = .03, reflecting the finding that estimates of

event likelihood decreased from baseline (Day 1) to follow-up
(Day 3) for control items, whereas imagined items tended to
show no change or increases across days. An increase in these
ratings across days would be expected if imagination in-
creased confidence that the events had happened (Garry
et al., 1996). There was no significant effect of group, F(1,
175) = 1.88, p = .17,MSE = 1.15, η2p = .01, and no interaction,

F(1, 175) = 0.59, p = .44, MSE = .55, η2p = .003. The

pBIC(H1|d) of this interaction was .09, supporting the idea
that there is no difference in the size of the inflation effects
between groups. As with the other two measures, there was
little evidence for group differences in this measure of mem-
ory distortion.

Working memory measures

Reading span Reading span was administered in Study 2
(n = 59 skeptics, 56 believers) and Study 3 (n = 48
skeptics, 47 believers). There were no group differences
in the sentence-verification component of this task in both
studies, which showed very high accuracy (over 90 %)
and indicates that both groups were focused on the task
(p > .30). Contrary to the idea that skeptics would outper-
form believers, results indicated that believers remembered
more words per list in the correct serial position than
skeptics in Study 2 (skeptic mean = 4.30, believer mean

= 5.02), t(113) = -2.21, p = .03, SEM = .32,, d = .41,
pBIC(H1|d) = .51. The group difference was not signifi-
cant in Study 3 (skeptic mean = 4.44, believer mean =
5.05), t(93) = -1.54, p = .13, SEM = .39, d = .32),
pBIC(H1|d) = .26. Pooling the data across these experi-
ments, believers outperformed skeptics, t(208) = -2.67,
p = .008, SEM = .25, d = .37, pBIC(H1|d) = .72. Thus,
believers did not have worse working memory than skep-
tics, and if anything, they tended to outperform the skep-
tics on this measure.

Operation span Operation span was administered along-
side reading span. There were no group differences in
the operation-verification component of this task, which
showed very high accuracy (over 90 %) and indicates that
both groups were focused on the task (p > .90). As with
reading span, believers remembered numerically more
words than skeptics in Study 2 (skeptic mean = 4.77,
believer mean = 5.23), t(113) = -1.15, p = .16, SEM = .32,,
d = .26, pBIC(H1|d) = .20, and Study 3 (skeptic mean = 4.93,
believer mean = 5.10), t(93) = -0.43, p = .66, SEM = .41,
d = .09, pBIC(H1|d) = .10, although neither group difference
was significant. Pooling the data across these two ex-
periments revealed no differences between believers and
skeptics, t(208) = -1.31, p = .19, SEM = .25, d = .18,
pBIC(H1|d) = .14. Thus, as with reading span, there
was no evidence that skeptics outperformed believers
on this working memory measure.1

Analytical thinking measures

Shipley institute of living scale The Shipley scale was ad-
ministered in Study 1 (n = 41 skeptics and 42 believers,
as one skeptic failed to complete the task) and Study 3 (n
= 42 skeptics and 45 believers, as six skeptics and three
believers failed to complete this task), and data are pre-
sented in Fig. 5. With respect to the logic test, in Study 1
skeptics solved a significantly greater proportion of prob-
lems than did believers (skeptic mean = .78, believer
mean =.67), t(81) = 2.56, p = .01, SEM = .04, d = .56,
pBIC(H1|d) = .74. In Study 3, skeptics performed numer-
ically higher than believers, but this difference failed to
reach significance (skeptic mean = .78, believer mean =
.73), t(85) = 1.65, p = .10, SEM = .03, d = .32,
pBIC(H1|d) = .29. Pooling the logic data across the two
studies, skeptics outperformed believers, t(168) = 3.03, p
< .01, d = .46, pBIC(H1|d) = .88.

Fig. 4 Imagination inflation task scores collapsed across Studies 2 and 3.
Values represent the average difference between Day 3 and Day 1 ratings
of event liklihood for control items (no imagination) or imagined items
(imagery generated betweenDay 1 baseline and Day 3 ratings). Error bars
represent standard error of the mean

1 As noted by a reviewer, these working memory measures might have
been especially susceptible to cheating, and we were unable to deterimine
if online participants had written down the items instead of keeping them
in mind (as instructed). However, we have little reason to believe that one
group might have cheated more than the other.

Mem Cogn (2016) 44:242–261 253



With respect to the vocabulary test, in Study 1, skeptics
identified more words than did believers (skeptic mean =
.81, believer mean = .74), t(81) = 3.17, p < .01, SEM = .02,
d = .70, pBIC(H1|d) = .94. In Study 3, skeptics performed
numerically higher than believers, but this difference failed
to reach significance (skeptic mean = .85, believer mean =
.81), t(85) = 1.73, p = .09, SEM = .02, d = .38, pBIC(H1|d)
=.33. Pooling the vocabulary data across the two studies,
skeptics outperformed believers, t(168) = 3.42, p < .01, d =
.0.62, pBIC(H1|d) = .96.

Remote associations test Data from the RAT were collected
online in Study 2 (n = 46 skeptics and 49 believers, as 13
skeptics and seven believers did not complete this task) and
Study 3 (n = 45 skeptics and 42 believers, as three skeptics and
five believers failed to complete this task). In Study 2, there
was a trend such that skeptics identified more words than be-
lievers (skeptic mean = .48, believer mean = .40), t(93) = 1.88,
p = .06, SEM = .04, d = .39, pBIC(H1|d) = .38. In Study 3,
skeptics were numerically higher than believers (skeptic mean
= .48, believer mean = .44), but this effect was not significant,
t(85) = .74, p = .46, SEM = .05, d = .16, pBIC(H1|d) = .12.
Pooling together these two studies yielded a combined sample
of believers (n = 91) and skeptics (n = 91). In this combined
sample, there again was a trend that skeptics identified more

words than did believers, t(180) = 1.84, p = .07, SEM = .03,
d = .27, pBIC(H1|d) = .29. Note that although our pooled
sample yielded a marginal group difference and the effect size
was small to medium, the Bayesian statistics indicate that there
was in fact little support for group differences on this task.

Argument evaluation task Data from the AETwere collect-
ed online in both Study 2 (n = 48 skeptics and 45 believers, 11
skeptics and 11 believers did not complete the task) and Study
3 (n = 48 skeptics and 47 believers). In general, participants
were quite good at evaluating the quality of the hypothetical
arguments independent of their prior beliefs, as the average
beta weight (representing the convergence between partici-
pant and expert evaluations, controlling for each participant’s
personal beliefs) was 0.29 ± 0.02, which was significantly
different than 0, t(187) = 11.97, p < .001, and comparable to
the original AET results found in Stanovich and West (1997).
In Study 2, although skeptics were numerically better than
believers (skeptic beta: .35, believer beta: .27), this difference
was not significant, t(91) = 1.19, p = .24, SEM = .07, d = .25,
pBIC(H1|d) = .17. In Study 3, a similar pattern emerged (skep-
tic beta = .33, believer beta = .23), with no difference between
believers and skeptics, t(93) = 1.52, p = .13, SEM = .07,
d = .30, pBIC(H1|d) = .25. However, by combining these
two samples across studies, skeptics had marginally higher
betas than believers on this task, t(186) = 1.92, p = .06,
SEM = .05, d = .28, pBIC(H1|d) = .32. In other words, skeptics
were better than believers at evaluating the quality of the ar-
guments presented, and this result was independent of prior
belief. This finding is consistent with studies investigating
beliefs in more general paranormal phenomena (Stanovich
& West, 1998; Svedholm & Lindeman, 2012). Note that, as
with the RAT, although our pooled sample yielded a marginal
group difference and the effect size was small to medium, the
Bayesian statistics indicate that there was in fact little support
for the group differences on this task.

Conspiracy questionnaire Data from the conspiracy ques-
tionnaire (see Fig. 6) were collected in Study 2 (n = 59 skep-
tics and 56 believers) and Study 3 (n = 48 skeptics and 47
believers). For Study 2, a 2 (believer vs. skeptic) × 2 (conspir-
acy vs. control item) ANOVA revealed a main effect of item
type F(1, 113) = 532.68, p < .001,MSE = .29, η2p = .83, as all

participants were more likely to endorse control items (e.g.,
public events generally accepted as true) than conspiracy
items. Critically, there was a trend for a group effect, F(1,
113) = 2.88, p = .09, MSE = .23, η2p = .03, and a significant

interaction between item and group, F(1, 113) = 8.64,
p = .004, MSE = .29, η2p = .07, such that believers gave dis-

proportionately higher ratings than skeptics to conspiracy
items compared to control items. This pattern of results was
replicated in Study 3 (main effect of item type: F(1, 93) =

Fig. 5 Shipley Institute of Living Logic and Vocabulary scale in Studies
1 and 3. Values represent the percentage of trials answered correctly on
each test. Error bars represent standard error of the mean
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471.93, p < .001, MSE = .26, η2p = .84; main effect of group,

F(1, 93) = 7.11, p = .009, MSE = .23, η2p = .07, and a signif-

icant interaction, F(1, 93) = 4.34, p < .001, MSE = .26,
η2p = .15. Pooling these data together, we find a main effect of

item type, F(1, 208) = 1006.4, p < .001,MSE = 57.40, a main
effect of belief, F(1, 208) = 9.21, p = .003, η2p = .042, and an

interaction, F(1, 208) = 24.13, p < .001, η2p = .104. The

pBIC(H1|d) of this interaction was larger than .99, supporting
the idea that there is a very strong difference in conspir-
acy endorsement between believers and skeptics. These
data show that believers were more likely than skeptics
to endorse conspiracy theories, even though the two
groups did not differ for control items, and this effect
was replicated across studies.

Controlling for vocabulary differences

Interestingly, although we matched the groups on years of
education and self-reported GPA, we found that skeptics
outperformed believers on the vocabulary test. To the extent
that vocabulary reflects the depth of one’s conceptual knowl-
edge or crystallized intelligence (due to the quality of one’s
educational experiences or other factors), this group difference
might have been associated with some of the differences in
analytical thinking that we observed. To further explore this

relationship, we simultaneously regressed our measures of
analytical thinking on both psychic belief scores (binary: 1 =
believer, 0 = skeptic) and Shipley Vocabulary scores. This
analysis was separately done for each of the measures tapping
some aspect of analytical thinking that showed a significant or
near-significant group difference in the pooled data (Shipley
Logic, RAT correct items, AET betas, conspiracy difference
scores, and DRM critical lures identified). After controlling
for individual differences in vocabulary in this way, results
indicated that belief scores were not reliably related to
Shipley Logic scores, β = -.07, t = -.95, p = .34, RAT scores,
β = .04, t = .42, p = .67, or AET betas, β = -.07, t = -.64,
p = .52. Importantly, even after controlling for vocabulary
differences, belief continued to correlate with both conspiracy
difference scores, β = .40, t = 4.43, p < .001, and identifying
the missing DRM words, β = -.23, t = -2.97, p = .003. Thus,
differences in vocabulary between believers and skeptics can
explain some but not all of the group differences that we
observed on the various measures thought to tap into some
form of analytical thinking.

Self-report measures

Data from self-report measures are presented in Table 1.

Dissociative experiences scale-C The DES-C was adminis-
tered in person in Study 1 (n = 42 in each group) and online in
Study 3 (n = 48 skeptics, 47 believers). In Study 1, there was a
trend such that believers reported marginally more dissociative
experiences than skeptics (skeptic mean = 3.65, believer
mean = 4.36), t(82) = 1.90, p = .06, SEM = .38, d = .41,
pBIC(H1|d) = .40. Similarly, believers reported significantly
more dissociative experiences than skeptics in Study 3 (skep-
tic mean = 2.67, believer mean = 4.68), t(93) = 6.18, p < .001,
SEM = .33, d = .90, pBIC(H1|d) > .99. Pooling the data to-
gether, believers reported significantly more dissociative ex-
periences than skeptics, t(177) = 5.60, p < .001, SEM = .26,
d = .84, pBIC(H1|d) > .99. These results indicate that believers
have more dissociative tendencies than skeptics, replicating
Wilson and French’s (2006) link between paranormal be-
lievers and dissociation and extending this link to specific
beliefs about psychic phenomenon.

Tellegen absorption scale This scale was administered in
Study 1 (n = 42 in each group). Believers had signifi-
cantly higher scores than skeptics on the TAS (skeptic
mean = 65.7, believer mean = 41.67), t(82) = 5.98,
p < .001, SEM = .18, d = 1.30, pBIC(H1|d) > .99, indicating
higher levels of absorption. This finding replicates Glicksohn
and Barrett’s (2003) link between paranormal believers and
absorption, and extends this link to specific beliefs about psy-
chic phenomenon.

Fig. 6 Results from the conspiracy item questionnaire. Values are on a
scale of -2 to 2, where -2 is strongly disagree with the given item, 0 is
neither agree or disagree, and 2 is strongly agree. Error bars represent
standard error of the mean
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Need for cognition scale Data from this scale were collect-
ed only in Study 1 (n = 42 in each group). There were no
group differences in need for cognition (skeptic mean =
2.72, believer mean = 2.62), t(82) = .62, p = .54,
SEM = .15, d = .14, pBIC(H1|d) = .12. The failure to
find this difference is consistent with Svedholm and
Lindeman (2012).

Evolution questions Believers (n = 42, as 5 did not com-
plete this task) and skeptics (n = 45, as 3 did not com-
plete this task) did not differ in their endorsement of
Darwinian evolution as a scientific fact, with both groups
endorsing evolution on average (believer mean: 6.2, skep-
tic mean: 5.9, out of 7), t(85) = .71, p = .48, SEM = .33,
d = 0.16, pBIC(H1|d) = .12. Thus, although psychic be-
lievers were more likely to endorse supernatural concepts,
the groups were equally likely to believe other scientific
conclusions about the world. Interestingly, the groups did
show differences in their understanding of the implications
of evolution. For the question, BIf true, then the theory of
evolution makes it very unlikely that the potential for
kindness or goodness to strangers is innate or genetically
programed,^ believers (mean = 3.86) gave significantly
higher ratings than skeptics (mean = 3.07), t(85) = 2.25,
p = .03, SEM = .35, d = .48, pBIC(H1|d) = .57. On the
question that read, BOverall, I am satisfied with my beliefs
in how the universe works,^ believers (mean = 5.29) gave
significantly lower ratings than skeptics (mean = 5.87),
t(85) = 2.13, p = .04, SEM = .27, d = .45, pBIC(H1|d)
= .51. These data suggest that both groups believed in
evolution, but that skeptics were more satisfied with the
perceived implications of these positions than were
believers.

Life satisfaction Answers to the question about life satisfac-
tion came from the prescreening in all three studies. Pooling
across the three studies (145 believers, 149 skeptics) there was
no group difference between believers (3.83) and skeptics
(3.70) in life satisfaction, t(292) = 1.19, p = .26, SEM = .12,
d = .13, pBIC(H1|d) = .10. Because this question was admin-
istered during prescreening, we also pooled all of the
prescreening participants who answered the life satisfaction
question and took the ASGS (n = 2541 who completed the
prescreening process, no exclusions). An ordinary least
squares regression analysis on these data showed a significant
positive correlation between the degree of psychic beliefs and
life satisfaction, β = .19, t(2,539) = 8.99, p < .001, even after
controlling for age, sex, and years of education. This finding
replicates prior research demonstrating that paranormal beliefs
are associated with greater life satisfaction than skepticism
(Kennedy et al., 1994; Parra & Coretta, 2013).

General discussion

This research provided a large-scale test of the cognitive dif-
ferences hypothesis, revealing that psychic believers and
skeptics did not consistently differ on memory measures but
did differ on measures tapping different aspects of analytical
thinking. With respect to memory, we found little evidence
that psychic beliefs are associated with greater memory biases
and errors, even though we used three different memory tasks
tapping different aspects of memory accuracy and distortion.
While psychic believers did show an elevatedDRM illusion in
Study 1, this difference was only found in the warning condi-
tion of that study, with no difference in the no-warning con-
dition. Moreover, these groups did not significantly differ in
recollection accuracy on any of the criterial recollection tests
in Study 1, and the group difference in the DRMwarning task
did not replicate in an independent follow-up study. There also
were no group differences in the imagination inflation task for
autobiographical memories, which was administered in two
different studies. While it is always a possibility that the lack
of group differences on such memory measures is due to in-
sufficient statistical power, we used similar or larger sample
sizes as studies that have observed significant group differ-
ences in these same kinds of tasks (e.g., Gallo, Cotel,
Moore, & Schacter, 2007; Meyersburg et al., 2009).2

2 To make this point more concrete, Balota et al. (1999) and Watson,
McDermott, and Balota (2004) found significant differences across age
groups the DRM recall task, whereas Gallo et al. (2007) andMcDonough,
Wong, and Gallo (2013) found significant differences across age groups
on the criterial recollection task, even though each of these studies used
fewer participants per comparison group than we did in the current study.
Thus, the current study was sufficiently powered to detect group differ-
ences at least as large as these aging-related effects, which themselves can
be quite subtle at times.

Table 1 Self-Report Measures

Measure Believers Skeptics

Dissociative experiences questionnaire–C

Study 1 4.36 (.29) 3.65 (.23) *

Study 3 4.69 (.25) 2.66 (.22) *

Tellegen Absorption Scale 65.65 (2.9) 41.67 (2.75) *

Need for cognition scale 2.62 (.11) 2.72 (.11)

Life satisfaction 3.83 (.09) 3.70 (.08)

Note. SEM is presented in parentheses. The DES-C score is the average
rating of responses, which were on a scale of 1 to 10, where a higher score
represents greater dissociativity. The TAS score is also a sum of re-
sponses, which were on a scale of 0 to 3, where a higher score represents
greater absorption. The need for cognition scale score represents the av-
erage rating of responses, which were on a scale of 1 to 5, where a higher
score represents greater need for cognition. The life satisfaction score
represents a response to a single question about how satisfied participants
were with their lives, and was on a scale of 1 to 6
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Moreover, the current studies had sufficient power to detect
group differences in other measures, such as personality mea-
sures that have been linked to memory distortion (dissociation
and absorption) and several of the analytical thinking tasks.
As a whole, our results indicate that there is little or no rela-
tionship between individual differences in memory accuracy
or distortion and psychic beliefs.

The finding that believers and skeptics did not differ in
memory accuracy or susceptibility to memory distortion is
consistent with Rose and Blackmore (1997, 2001), who failed
to find a correlation between more general paranormal beliefs
and memory errors. Our results extend this result to psychic
believers, using multiple measures of memory accuracy and
distortion as well as a between-groups approach that should
have been maximally sensitive to any group differences. Our
results also help clarify interpretation of the results reported by
Clancy et al. (2002) and Meyersburg et al. (2009), who found
that individuals with autobiographical memories of extrater-
restrial alien contact or past lives (respectively) had higher
levels of false memory on the DRM task. In the Introduction
we noted that these findings suggest a link between paranor-
mal beliefs and a propensity for false memories, but the results
of our current studies do not support this interpretation.
Instead, these other studies might best be interpreted as show-
ing individual differences in the propensity for memory dis-
tortion in both autobiographical and laboratory situations, as
the authors of those studies had initially concluded.

In contrast to the memory distortion hypothesis, several of
our comparisons replicated the link between paranormal be-
liefs and analytical thinking that has been reported in the lit-
erature (e.g. Krummenacher, Mohr, Haker, & Brugger, 2010;
Rogers et al., 2009; Watt & Wiseman, 2002). Overall we
found evidence that skeptics outperformed believers on four
measures that require some form of analytical thinking: (1) the
logic subscale of the Shipley Institute of Learning Scale,
which required them to complete patterns of words, letters,
and numbers; (2) the remote associations task, which required
the identification of a nonpresented word that was related to
three presented words; (3) the rejection of conspiracies on the
conspiracy questionnaire, suggesting that skeptics engage in
more critical or analytical thinking about these kinds of con-
spiracies than do believers; and (4) the argument evaluation
task, which requires critical thinking about the quality of ar-
guments made during a hypothetical debate. These group dif-
ferences were most robust on Shipley Logic and the conspir-
acy questionnaire, whereas the group differences on remote
associations and the argument evaluation were only margin-
ally significant with our conservative statistical threshold and
received little support from the Bayesian statistical approach.
However, given that all of these differences were in the direc-
tion predicted by the analytical thinking hypothesis, we be-
lieve that they are all meaningful. In fact, the pooled group
effect sizes (Cohen’s d) across these four measures ranged

from .27 (on remote associations) to .68 (on the conspiracy
questionnaire), demonstrating small-to-medium-sized effects
for the weakest relationships and large-sized effects for the
strongest relationships, at least by that standard.

In addition to our measures of analytical thinking, we also
found that skeptics were better than believers at identifying the
nonstudied associate when presented with DRM word lists.
These effects were reliable, as they were obtained in two sep-
arate studies, one conducted in the laboratory and one con-
ducted online. The lack of consistent group differences in the
other memory tasks suggests that some process other than
memory accuracy, such as analytical thinking, drove this ef-
fect. In the DRM task, the ability to identify the nonstudied
associate requires participants to rapidly analyze the associa-
tive relationships between the presented words and mentally
generate candidate words that link them all together. This
aspect of the DRM task is similar to the analytical thinking
required to solve the remote associations task (e.g., identifying
a missing word that links the three presented words; see Howe
& Wilkinson, 2011) or the Shipley Logic Scale (analyzing
patterns of words, or letters or numbers to determine the next
item in the sequence). In all of these cases, believers were less
likely than skeptics to analyze the evidence provided to them
in order to identify critical missing pieces of information.

As a whole, our analytical thinking findings are consistent
with prior work and also generalize the kinds of analytical
thinking tasks that differ between believers and skeptics. The
differences obtained in our study are particularly striking giv-
en that our groups were matched on years of education, age,
and self-reported GPA, and also given that skeptics did not
outperform believers onmeasures of workingmemory (if any-
thing, the believers did slightly better than the skeptics on one
of the span tasks). These findings point to a specific cognitive
difference in analytical thinking that is independent from these
other cognitive and intellectual domains. One caveat to this
conclusion is that skeptics also outperformed believers on a
vocabulary test, which may be considered a more sensitive
measure of conceptual knowledge or crystallized intelligence
than years of education or self-reported GPA. When these
group differences in vocabulary were statistically controlled,
we found that only the group differences in conspiracy items
and identification of DRM critical items remained significant.
Thus, differences in conceptual knowledge or crystallized in-
telligence between believers and skeptics might have been in
play for some of the group differences in analytical thinking
that we observed, but they cannot explain all of the group
differences that we observed. Future work will need to more
directly investigate the relationship between conceptual
knowledge, analytical thinking, and psychic beliefs.

Related to these ideas, although paranormal beliefs have
previously been linked to less belief in important scientific
concepts, such as evolution (Eder et al., 2011) and medicine
(Lindeman, Svedholm, Takada, Lonnqvist, & Verkaslo,
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2011), we found that our groups were equally likely to endorse
Darwin’s theory of evolution. Thus, at least in our sample,
there was no evidence that paranormal psychic beliefs were
related to the rejection of scientific beliefs more generally.

Implications and future directions

We found that psychic believers were less likely than skeptics
to successfully analyze and evaluate information about the
world and their own experiences, even though the groups
did not differ in basic memory abilities. While these findings
do not demonstrate a causal link between analytical thinking
and the development of paranormal psychic beliefs, they are
consistent with the hypothesis that this cognitive difference
may foster beliefs about the existence of psychic phenomena.
Indeed, many of our psychic believers claimed to have had
personal experiences with ESP (e.g., dreams that seemed to
come true) when, in fact, more careful scrutiny of these expe-
riences might have shown them to be nonpredictive of future
events, on average, or to be based on recently experienced
events that themselves might have been predictive of future
events.

One interesting question raised by our findings is the
extent that these group differences in analytical thinking
were due to differences in a fundamental ability to en-
gage in effective analytical thinking or if they instead
were due to individual differences in information pro-
cessing style or motivation to engage in analytically
thinking. This is an important distinction because the
former suggests a relatively fixed aspect of information
processing, whereas the latter suggests a more flexible
difference (e.g., a potential trade-off between effortful
analytical thinking and faster and less effortful intuitive
thinking). Some literature suggests that paranormal be-
lievers and skeptics differ in cognitive style or motiva-
tion to use effortful thought processes (Pennycook et al.,
2012; Shenhav, Rand, & Greene, 2012; Stanovich &
West, 2008), and group differences in motivation or in-
formation processing style could explain our analytical
thinking results without appealing to group differences
in cognitive ability. On the other hand, we found little
group differences on cognitively demanding measures of
memory distortion and working memory and also found
no group differences in self-reported need for cognition
(Cacioppo et al., 1984). These latter findings speak
against a group difference in motivation to complete cog-
nitive tasks in general, so that any group differences in
information processing style or motivation would have to
be specific to those cognitive tasks that required analyt-
ical thinking. Future work will be needed to determine
the extent that these cognitive differences are due to in-
formation processing ability, information processing
style, or a combination of both.

Another interesting question raised by our findings is the
extent that these group differences in analytical thinking are
related to other cognitive differences reported in the literature.
Some research suggests that paranormal believers are more
likely to identify patterns in noise or drawmeaningful connec-
tions between unrelated events (Blackmore, 1992;
Krummenacher et al., 2010; Rominger, Weiss, Fink,
Schulter, & Papousek, 2011). For example, when presented
with images composed of visual noise, Blackmore and Moore
(1994) found that psychic believers were significantly more
likely to see patterns in the noise than skeptics (see also Riekki
et al., 2013; van Elk, 2013). Similarly, using a word associa-
tion task, Gianotti et al. (2001) found that believers in a variety
of paranormal phenomena producedmore idiosyncratic words
or more distant associations than did skeptics. It also has been
suggested that some kinds of paranormal beliefs – and partic-
ularly paranormal experiences – might be related to abnormal
neurocognitive development or schizotypy (see Brugger &
Graves, 1997). While we did find a link between psychic
beliefs and personality characteristics such as dissociative ex-
periences and absorption, which may relate to these other
cognitive factors, we did not directly investigate these other
cognitive factors in the current study. Future work should
determine whether these other findings could be explained
by group differences in analytical thinking or whether they
represent separate cognitive factors that also might contribute
to the development of paranormal beliefs.

In conclusion, our results indicate that psychic beliefs
were not related to a greater propensity for episodic mem-
ory distortion or poor working memory, but psychic be-
liefs were related to individual differences in tasks tapping
into different forms of analytical thinking as well as vo-
cabulary scores. These findings suggest that differences in
analytical thinking as well as conceptual knowledge might
foster the development of psychic beliefs. It is important
to reiterate, though, that noncognitive factors also are like-
ly to play a role in the development of psychic beliefs.
Approximately 70 % of the believers in our study indicat-
ed that their psychic beliefs were in line with those of
close friends and family, likely representing a mix of so-
ciocultural factors. This link suggests that being raised in
a community of individuals where paranormal beliefs are
accepted makes one more likely to accept them on per-
sonal level, potentially increasing one’s sense of belonging
and consistency in one’s worldview. We also found that
psychic belief was correlated with life satisfaction in our
entire sample, suggesting that holding paranormal psychic
beliefs can have psychological benefits for some individ-
uals. Given these links, an important direction for future
research will be to determine the extent that individual
differences in these other psychological and sociocultural
factors might interact with differences in analytical think-
ing in driving psychic beliefs.
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Appendix

Table 2 Study 1 Correlation Matrix

1 2 3 4 5 6 7 8 9 10

1. ASGS x .252* -.268* -.312** .232* .647** .042 -.401** -.256* .347**

2. DRM False Recall x x -.456** -.607** -.053 .101 -.116 -.340** -.460** .136

3. DRM Target Recall x x x .577** .106 -.118 .067 .442** .576** -.097

4. DRM Lure Identity x x x x -.003 -.101 .053 .352** .461** -.002

5. DES-C x x x x x .322** -.069 .204 .186 -.123

6. TAS x x x x x x .165 -.193 -.051 .269

7. NFC x x x x x x x .098 .256* .361**

8. Shipley Vocabulary x x x x x x x x .574** -.312**

9. Shipley Logic x x x x x x x x x .001

10. Life Satisfaction x x x x x x x x x x

Note. DRM scores are from the warning DRM task. DRM False Recall represents false recall of critical lures only

*p < .05. **p < .01

Table 3 Study 2 Correlation Matrix

1 2 3 4 5 6 7

1. ASGS x .166 .064 .319** -.033 .096 -.021

2. Reading Span Score x x .781** .040 -.043 .005 .052

3. Operation Span Score x x x -.042 -.061 -.014 .166

4. Conspiracy Score x x x x -.043 -.113 -.096

5. AET Beta x x x x x -.066 -.166

6. IIT Score x x x x x x -.010

7. Life Satisfaction x x x x x x x

Note. Conspiracy score represents difference between conspiracy and nonconspiracy item baseline. Imagination inflation score represents difference
between Day 3-Day 1 inflation for imagined items and Day 3-Day 1 inflation for control items

*p < .05. **p < .01

Table 4 Study 3 Correlation Matrix

1 2 3 4 5 6 7 8 9 10 11 12 13

1. ASGS x .175 .058 .122 -.048 -.374** -.158 -.179 -.178 .522** .026 .424** -.114

2. Reading Span Score x x .865** -.195 .420** .024 .069 -.055 .138 .043 -.052 .200 .222*

3. Operation Span Score x x x -.213* .434** .125 .061 -.079 .217* -.020 -.098 .079 .199

4. DRM False Recall x x x x -.170 -.185 .148 -.074 .029 .098 .265* .051 -.065

5. DRM Target Recall x x x x x .175 .194 .237* .267* -.136 -.057 -.051 .208*

6. DRM Lure Identity x x x x x x .158 .291** .165 -.169 .019 -.282** -.054

7. AET Beta x x x x x x x -.254* .230* -.083 -.079 -.238* .118

8. Shipley Vocabulary x x x x x x x x .457** -.034 -.019 -.426** .042

9. Shipley Logic x x x x x x x x x -.022 -.013 -.236* .123

10. DES x x x x x x x x x x -.097 .022 -.299**

11. IIT Score x x x x x x x x x x x .029 -.080

12. Conspiracy Score x x x x x x x x x x x x -.175

13. Life Satisfaction x x x x x x x x x x x x x

Note. Conspiracy score represents difference between conspiracy and nonconspiracy item baseline. Imagination inflation score represents difference
between Day 3-Day 1 inflation for imagined items and Day 3-Day 1 inflation for control items

*p < .05. **p < .01
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