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An examination of the underlying dimensional
structure of three domains of contaminated
mindware: paranormal beliefs, conspiracy beliefs,
and anti-science attitudes

Jala Rizeq, David B. Flora and Maggie E. Toplak

Department of Psychology, York University, Toronto, Canada

ABSTRACT
The concept of contaminated mindware provides one conceptualization for
measuring beliefs and attitudes about three domains that have evaluation-dis-
abling properties in the context of reasoning: paranormal beliefs, conspiracy
beliefs, and anti-science attitudes. We tested the underlying structure of indi-
vidual differences in these three domains of contaminated mindware and their
predictors in a sample of 321 Canadian undergraduate students. The predictors
included cognitive ability, cognitive reflection, the dispositional tendency of
actively open-minded thinking, and ontological confusions. A hierarchical
model with three correlated general factors of paranormal, conspiracy, and
anti-science beliefs and attitudes and four specific paranormal factors (i.e., psi,
superstition, spiritualism, and precognition) was optimal. While all predictors
were significantly correlated with the contaminated mindware domains, struc-
tural equation modeling results supported the unique effects of ontological
confusions and actively open-minded thinking. The current results support the
multidimensional nature of contaminated mindware domains and highlight
some of its correlates and unique predictors. Providing a structure and theoret-
ical framework for unwarranted beliefs and attitudes will be useful for measur-
ing their potential impact on the processes of human reasoning.
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There has never been a time in history that we have been bombarded with
so much information in the media and on the internet, especially informa-
tion that may inhibit thoughtful reflection. In contemporary society, per-
haps more concerning than a lack of knowledge is one’s accumulation of
unwarranted beliefs and attitudes which are not grounded in evidence.
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Beliefs that may be unhelpful and that may inhibit reasoning processes
have been conceptualized as contaminated mindware (Stanovich, 2009;
Stanovich et al., 2008; Stanovich et al., 2016). Three domains of contami-
nated mindware that have been examined empirically are paranormal
beliefs, conspiracy beliefs, and anti-science attitudes (Stanovich et al., 2016),
which have also been referred to as epistemically-suspect or unwarranted
beliefs (Lobato et al., 2014; Pennycook et al., 2015b). Although these beliefs
and attitudes are prevalent in the public (Angus Reid Poll, 2015, 2016;
Gallup & Newport, 1990), research examining the concurrent associations
among these domains of contaminated mindware remains scarce. The cur-
rent research focused on paranormal beliefs, conspiracy beliefs, and anti-sci-
ence attitudes. We examined the underlying dimensional structure of these
three categories of unwarranted beliefs and attitudes that partly form one’s
contaminated mindware to better understand the concurrence of those
domains and how to measure individual differences in contaminated mind-
ware. We also assessed cognitive ability, actively open-minded thinking,
cognitive reflection, and ontological confusions as correlates of these
domains of contaminated mindware.

A goal of rational thinking is to base our decisions and actions on what
we know to be true of the world and accurate beliefs; this goal is known as
epistemic rationality (Stanovich, 2016; Stanovich et al., 2016).
Pseudoscientific and unwarranted beliefs contribute to individuals’ accumu-
lation of contaminated mindware, and if relied upon, can hinder one’s
rational and critical thought processes and in turn judgment and decision-
making (Evans & Stanovich, 2013).

Contaminated mindware

Although some people might have a gap in their mindware (that is, they
lack knowledge that is pertinent to making a decision), a different type of
mindware problem is that of contaminated mindware (Stanovich et al.,
2016). Contaminated mindware refers to an accumulation of misinformation
and unwarranted beliefs and attitudes, some of which have evaluation-dis-
abling properties which may inhibit reflective considerations of alternative
possibilities (Stanovich, 2009). There are many categories of contaminated
mindware, but the focus of this study was on three domains, specifically
paranormal beliefs, conspiracy beliefs, and anti-science attitudes, which
have had a recent surge of interest in the literature (e.g., Lobato et al.,
2014; Lobato & Zimmerman, 2019; Pennycook et al., 2019)

Paranormal beliefs
Paranormal phenomena are generally conceptualized as those that violate
the principles of science or current scientific understanding (Broad, 1953;
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Tobacyk & Milford, 1983). Paranormal beliefs are also incompatible with and
mistake core knowledge about mental phenomena, material objects, and
living and animate organisms (see Lindeman, 2018; Lindeman & Svedholm,
2012). Paranormal phenomena seem to confuse or blur the distinctions
among the central aspects of physical, biological, and mental phenomena
(Lindeman, 2018). Paranormal beliefs include, but are not limited to, beliefs
in Psi (e.g. psychokinesis), witchcraft (e.g. spells and black magic), supersti-
tion (e.g. certain numbers are lucky), spiritualism (e.g. communication with
the deceased), and precognition (e.g. astrology predicts the future).

Conspiracy beliefs
Conspiratorial thinking can involve the endorsement of specific events or
situations (specific beliefs) or can reflect a general tendency to endorse con-
spiratorial ideas (or generic beliefs). Conspiracies, although sometimes true,
are generally resistant to falsification and lack support or evidence of their
validity (Sutton & Douglas, 2014). In the absence of a single definition of
conspiracy (Sunstein & Vermeule, 2009), a conspiracist belief can be viewed
as “the unnecessary assumption of conspiracy when other explanations are
more probable” (Aaronovitch, 2009, p. 5) and an attempt to attribute the
cause of an event to secret plots by specific powerful groups or forces
(McCauley & Jacques, 1979). Conspiracist beliefs increase the likelihood of
endorsing contradictory conspiracy theories (Wood et al., 2012) as well as
fictitious conspiracy theories concocted by researchers (Swami et al., 2011).
Generic conspiracy beliefs precede one’s tendency to endorse more specific
event-based conspiracies (Brotherton et al., 2013; Wood et al., 2012) and
has been conceptualized as a unidimensional construct (Dagnall
et al., 2015).

Anti-science attitudes
Anti-science attitudes refer to the rejection of and opposition to the object-
ive methods of science (Holton 1992, 1993) and regarding scientific meth-
ods as possessing low credibility (Hartman et al., 2017), with a preference
for intuition over the use of objective methods (Stanovich et al., 2016). The
role of anti-science attitudes is particularly relevant to several modern day
controversial issues where scientific methods have been used to try to
develop knowledge and adjudicate policy, such as climate change, the
impact of vaccinations, evolution (Hmielowski et al. 2014; Lewandowsky
et al., 2013; Lobato et al., 2014), and alternative medicine and treatments
(e.g., van den Bulck & Custers, 2010).

Paranormal beliefs, conspiracy beliefs, and anti-science attitudes often
present themselves as objective but are in fact valenced and present epis-
temically inaccurate information (Boudry et al., 2015). Further, these beliefs
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and attitudes rely upon a “nonscientific evidentiary process” (Losh et al.,
2003) and propagate beliefs which are self-validating in nature, increasing
their “appeal and enduring popularity” in the public (Boudry & Braeckman,
2012). Stanovich (2004) discusses unwarranted beliefs within the framework
of memetic theory, in which a meme is a cultural unit analogous to a gene
(Dawkins, 1976). A meme is a selfish replicator that exists for its own propa-
gation across culture, regardless of its validity and in the absence of benefit
to the person that holds it (Stanovich, 2004). The persistence of these
beliefs is partly based on the limitations of our cognitive system. Our infor-
mation processing system is inherently predisposed to reasoning errors and
biases that lead to the accumulation of unwarranted beliefs (Gilovich, 1991;
Nisbett & Ross, 1980). For example, people’s misunderstanding of random-
ness results in superstitious beliefs and behaviour (Vyse, 1997). An overre-
liance on pattern recognition and causal inference can also contribute to
the acquisition of unwarranted beliefs (Foster & Kokko, 2009). Further, peo-
ple tend to seek evidence and information that confirms their beliefs over
information that critiques these beliefs (Connors & Halligan, 2015), suggest-
ing a bias towards confirmatory information (Nickerson, 2008). Through this
process, individuals preserve prior beliefs and assimilate new congruent
beliefs, contributing to the perpetuation of self-sustaining and stable
belief systems.

The structure of unwarranted beliefs themselves also may have features –
called “epistemic defense mechanisms” (Boudry & Braeckman, 2011, 2012) –
which aid in their propagation. For example, some beliefs may support mul-
tiple interpretations, making them difficult to contradict. For example, horo-
scopes make multiple predictions (Gilovich, 1991), including broad
predictions that allow anyone to find inevitable matches with real events.
These beliefs also often retreat to a weaker version of an original hypothesis
in the face of a failed prediction, known as “deflationary revision,” or permit
retrospective interpretation of phenomena and are therefore inherently
resistant to falsification (Boudry & Braeckman, 2011). For example, alternative
medicine and spiritual healing attribute any failure to one of three causes: (1)
inappropriate administration of the intervention, (2) a specific type of inter-
vention being unsuitable, or (3) interference of invisible factors or spirits. A
feature of conspiracy beliefs is the tendency to deflect any troubling counter-
evidence or criticism, such as claiming that any contradiction is precisely
what would have been predicted by the theory (Boudry & Braeckman,
2011, 2012).

These three domains of contaminated mindware have been mostly
studied either independently or in pairs, but they tend to be positively
associated (e.g. Browne et al., 2015; Bruder et al. 2013; Darwin et al., 2011;
Douglas et al., 2016; Drinkwater et al., 2012; Lewandowsky et al., 2013;
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Stanovich et al., 2016; van den Bulck & Custers, 2010). In this study, we first
examined the underlying dimensional structure of individual differences in
those beliefs to determine whether a unidimensional or multidimensional
factor structure better represents the associations among domains of conta-
minated mindware. By doing so, we were able to estimate associations
among the contaminated mindware factors that are free of measurement
error and to add related individual difference variables. It is now clear that
other individual difference variables, such as thinking styles or dispositions,
ideologies, and cognitive biases, are important for understanding the
endorsement of unwarranted beliefs (Lobato & Zimmerman, 2019).

Reasoning, thinking, and contaminated mindware

The endorsement of superstitious thinking and paranormal beliefs has been
consistently shown to be negatively correlated with cognitive abilities
(Kokis et al., 2002; Toplak et al., 2011) and reasoning performance, including
ratio bias (Kokis et al., 2002), several heuristics and biases tasks including
probabilistic reasoning (Leonard & Williams, 2019; Stanovich et al., 2016;
Toplak et al., 2007; Toplak et al., 2011), and argument evaluation perform-
ance (Stanovich & West, 1997). There has been less research on reasoning
correlates of conspiracy and anti-science attitudes than on superstitious
thinking, but studies thus far indicate similar negative associations between
indices of cognitive ability and cognitive reflection with these three
domains (Hartman et al., 2017; Pennycook et al., 2019; Stanovich et al.,
2016). Nonetheless, even intelligent people accumulate contaminated
mindware (Stanovich, 2009) and unwarranted beliefs (Browne et al., 2015;
Lewandowsky et al., 2013).

In addition to cognitive abilities and cognitive reflection, other aspects
of thinking may explain systematic variation in the endorsement of conta-
minated mindware. For example, ontological confusions, where one blurs
the distinctions among the core ontologies including the physical, bio-
logical, and mental phenomena (Lindeman, 2018), have been implicated in
the accumulation of contaminated mindware. If individuals cannot distin-
guish category mistakes when ascribing properties of the core ontologies,
they will likely be more susceptible to accumulating mindware that repre-
sents such mistakes. For example, individuals who credit mental phenom-
ena like thoughts with the ability to instil physical force, will also likely do
so in the case of paranormal beliefs (e.g., psychokinesis; Lindeman et al.,
2015). Similarly, anti-science attitudes represent a preference for intuition
and gut sensations over scientific method, where one might ascribe human
motivation or intentionality to inanimate beings. Higher levels of onto-
logical confusions have been shown to be associated with more
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endorsements of paranormal and conspiracy beliefs and belief in alternative
and complementary medicine (Lindeman & Aarnio, 2007; Lobato et al.,
2014; Svedholm & Lindeman, 2013b). Further, Actively Open-minded
Thinking (AOT), which is the tendency to actively seek and consider several
possible conclusions even if they contradict or challenge one’s initial or pre-
ferred conclusion and beliefs (Baron et al., 2015, 2016; Stanovich et al.,
2016), has been shown to be negatively associated with anti-science atti-
tudes, conspiracy beliefs, and paranormal beliefs (Stanovich et al., 2016;
Svedholm & Lindeman, 2013b; Swami et al., 2014).

Taken together, the presence of contaminated mindware (paranormal
beliefs, conspiracy beliefs, and anti-science attitudes) has been shown to be
negatively correlated with cognitive ability, cognitive reflection and AOT
and positively correlated with higher ontological confusions. However,
these multiple predictors have yet to be assessed concurrently in a multi-
variate model, where the shared effects of the predictor variables on the
outcomes are statistically controlled.

The current study

Not until recently have studies included a concurrent examination of the
three domains of contaminated mindware. Lobato et al. (2014) examined
bivariate associations among the three domains and suggested that those
beliefs may have a unitary underlying structure. Stanovich et al. (2016)
examined the factor structure of the comprehensive assessment of rational
thinking (CART), a prototype measure of rational thinking subtests, includ-
ing superstitious thinking, generic anti-science beliefs and attitudes, and
specific conspiracy beliefs. Those three subtests of the CART were influ-
enced by a single latent factor. To build on this research, we examined the
dimensional structure of individual differences in three domains of contami-
nated mindware to model the positive associations among those beliefs
and attitudes. Three separate confirmatory factor analysis (CFA) models
were estimated to test competing hypotheses regarding the latent struc-
ture of paranormal, conspiracy, and anti-science domains. First, we tested a
one-factor model of contaminated mindware to examine whether indeed
the associations among these domains might be explained by a unified
underlying variable. To examine the multidimensional nature of the three
domains of unwarranted beliefs and attitudes, we estimated a model with
three correlated factors, including paranormal, conspiracy, and anti-science
factors. Finally, because the paranormal items are multifaceted and sample
multiple aspects of the broader paranormal beliefs domain (see Lindeman
& Svedholm, 2012, for a discussion), we tested a hierarchical model with
three general factors of paranormal, conspiracy, and anti-science beliefs
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and attitudes along with five specific factors representing inherent associa-
tions among items representing certain domains of the paranormal (i.e.,
spiritualism, superstition, witchcraft, psi, and precognition). The paranormal
domain tested in the latter model is similar to the structure of the
Australian Sheep-Goat Scale and the Revised Paranormal Belief Scale (see
Drinkwater et al., 2017, 2018). Figure 1 shows generic forms of the three
CFA models estimated.

We used the contaminated mindware indices to examine their correla-
tions with cognitive ability, cognitive reflection, AOT, and ontological confu-
sions to replicate previously demonstrated associations. We then expanded
the optimally fitting CFA model into a structural regression model to exam-
ine the unique effects of cognitive ability, cognitive reflection, AOT, and
ontological confusions on the latent variables of contaminated mindware.
This examination was done to uncover the variables that uniquely contrib-
ute to the accumulation of contaminated mindware.

Method

Participants

The sample consisted of 321 undergraduate students from a Canadian uni-
versity who received course credit for their participation. There were 58
males and 263 females and their age ranged from 18 to 30 (M¼ 19.36, SD
¼ 2.09). Three hundred fifty-nine participants were recruited originally. Data
from 31 participants were discarded because of random responding.
Specifically, the five-item Conscientious Responders Scale (CRS; Marjanovic
et al., 2014) was intermixed within the contaminated mindware items. The
five attention check items instructed participants exactly how to respond
and were scored as either correct or incorrect. In the original CRS paper, a
seven-point Likert-type scale was used and the cutoff for random respond-
ing was a score lower than 3. Because we used a six-point scale, whereby
the probability of answering incorrectly due to chance is lower than that of
a seven-point scale, a cutoff score of 4 was used. We included data from
participants who scored at least 4 out of 5 on the attention check items. Of
the remaining 327 participants, six participants were older than 30; their
data were excluded from further analyses to constrain the study to
young adults.

Measures

On all rating scales, including paranormal beliefs, conspiracy beliefs and
anti-science attitudes, and actively open-minded thinking scales, partici-
pants rated how much they agreed with statements on a six-point Likert-
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Figure 1. Generic CFA models tested.
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type scale where 1¼ strongly disagree, 2¼moderately disagree, 3¼ disagree,
4¼ agree, 5¼moderately agree, 6¼ strongly agree.

Paranormal beliefs
Paranormal beliefs were measured using 35 items adapted from several
extant scales measuring paranormal belief and used in research with adults
(Bolton et al., 2002; Epstein & Meier, 1989; Lobato et al., 2014; Tobacyk,
2004). Of the 35 items, four represented belief in Psi (e.g., psychokinesis),
four represented belief in witchcraft (e.g., spells and black magic), eight rep-
resented superstition (e.g., certain numbers are lucky), eight represented
spiritualism (e.g. communication with the deceased), and six items repre-
sented precognition (e.g., astrology predicts the future). One item repre-
sented extraterrestrial activity and five items were generated based on
modern fictional characters (e.g., Hobbits really exist). Participants were
instructed to rate how much they agree with each statement. Higher scores
indicate greater endorsements of paranormal belief.

Generic conspiracy beliefs
Conspiracy beliefs were measured using items adapted from the generic
conspiracy belief scale (Brotherton et al., 2013). Twelve items were used
which asked about the occurrence and normalcy of conspiracies in the real
world without providing context or cues to any specific historical events
(e.g., The government is secretly involved in the murder of innocent citizens
and a small secret group of people control world events). Higher scores indi-
cated greater endorsement of conspiracy belief.

Anti-science attitudes
Items assessing anti-science attitudes were adapted from Stanovich et al.
(2016). Ten items were included asking about one’s beliefs and attitudes
towards science and preference for intuition (e.g., I tend to rely on my gut
feeling even when it contradicts a scientific finding and evidence from science
is usually biased or wrong). Higher scores indicated greater endorsement of
anti-science attitudes.

Actively open-minded thinking
The 30-item Actively Open-Minded Thinking scale was used (Stanovich
et al., 2016). The scale measures participants’ disposition to take evidence
into account even when it contradicts one’s preferred conclusion or belief
(e.g., changing your mind is a sign of weakness (reverse scored) and people
should always consider evidence that goes against their beliefs). Higher scores
indicate greater AOT.
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Cognitive reflection
The expanded seven-item version of the Cognitive Reflection Test (CRT; ori-
ginally from Frederick, 2005; Toplak et al., 2014) was used. These problems
elicit an intuitive incorrect response that participants need to override to
obtain the correct answer. Each item was scored as correct or incorrect,
with a possible total score of 7. Higher scores are indicative of better per-
formance. The proportion of correct responses ranged from 23.7% to
47.4%, and the proportion of intuitive responses ranged from 29.9%
to 69.2%.

Ontological confusion
The 30-item Ontological Confusions scale (Lindeman & Aarnio, 2007;
Svedholm & Lindeman, 2013a) was used. The scale has six subscales, each
with five items. The six subscales were (1) Natural, lifeless objects are living;
(2) Force is living and animate; (3) Lifeless objects are animate; (4) Living
inanimate entities (e.g., plants) are animate; (5) Artificial objects are ani-
mate; and (6) Mental states are material objects. Example items include
stars live in the sky (natural, lifeless objects are living) and earth wants water
(lifeless objects are animate). Participants were asked whether the state-
ments are literally true or not literally true. Before asking participants to rate
the literal truth of the statements, they were provided with an example to
explain the difference in meaning between literally true and metaphorically
(or not literally) true: “Do you think the following statements can be literally
true, the way a sentence such as ‘Wayne Gretzky was a hockey player’ is
true? Or are they true only in a metaphorical sense, like the expression
‘Friends are the salt of life?’” (Pennycook et al., 2015a). Answers were coded
as either correct or incorrect and a higher total score was indicative of bet-
ter performance (i.e., lower ontological confusions). There were also eight
filler statements (four metaphors and four literal statements) which were
not used to compute the ontological confusion score.

Verbal and nonverbal reasoning
A brief vocabulary measure using the checklist-with-foils format was used
to assess verbal reasoning. This measure has been shown to be a reliable
and valid way of assessing individual differences in vocabulary knowledge
(Anderson & Freebody, 1983; Cooksey & Freebody, 1987; Zimmerman et al.,
1977). The stimuli for the test included 40 words and 20 pronounceable
nonwords taken largely from the stimulus list of Zimmerman et al. (1977).
The words and nonwords were intermixed through alphabetization.
Participants were told that some of the letter strings were actual words and
that others were not and that their task was to read through the list of
items and to put a check mark next to those that they knew to be words.
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The total vocabulary score was obtained by subtracting off the number of
foils (i.e., nonwords) checked from the sum of correctly identified words. A
higher score indicated better performance.

To assess non-verbal reasoning, the 18-item short form of Raven’s
Advanced Progressive Matrices (APM) was used (Arthur & Day, 1994; Chiesi
et al., 2012). Participants were presented with an abstract visual design that
had a portion missing. The participants’ task was to choose the missing por-
tion from eight alternatives. Each item was scored as correct or incorrect,
with a maximum possible total score of 18.

The raw scores on these subtests were converted into z-scores and
summed to create a composite measure of cognitive ability for use in the
analyses. A higher score indicated higher cognitive ability.

Procedure

Participants completed the study online using Qualtrics software (Qualtrics,
Provo, UT). Upon consent, participants were presented with a battery of
questionnaires and tests in the following order: CRT, a block of paranormal
items and AOT items intermixed and presented in a randomized order,
Raven’s APM, a block of conspiracy items, OCS, and anti-science items inter-
mixed and presented in randomized order, demographic questionnaire,
and the Vocabulary Checklist. The attention check items were intermixed
within blocks with the contaminated mindware items.

Data analysis

First, we calculated item-level descriptive statistics to assess the most and
least prevalent contaminated mindware beliefs in the sample, retaining
only those items that elicit sufficient variability in responses (as explained
below) for the subsequent factor analyses. To address the first goal, CFA
was used to model the dimensional structure of the contaminated mind-
ware items. We then removed items with smaller factor loading estimates
to create scales more succinctly representative of contaminated mindware.
Then we calculated correlations among these contaminated mindware
scales and other individual-difference variables. Finally, we expanded the
CFA model into a structural equation model (SEM) to measure the unique
effects of each of the other individual-difference variables on the general
factors of contaminated mindware estimated in the CFA model.

All models were estimated using R software with the lavaan package
(version 0.5-17; Rosseel, 2012). Maximum likelihood estimation was used
with robust standard errors and fit statistics to adjust for multivariate non-
normality (Yuan & Bentler, 2000). Model fit was evaluated using the
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standardized root mean square residual (SRMR), the root mean square error
of approximation (RMSEA), the comparative-fit index (CFI), and the Tucker-
Lewis index (TLI).

Results

Frequency and CFA models of the structure of contaminated
mindware items

The responses to each item were collated and dichotomized to represent
either an agree or disagree preference, removing items with less than 10%
endorsement for either the agree or disagree options. Four of the paranormal
and two of the anti-science items were removed (paranormal items: bad things
happen when you step on a crack on the pavement; zombies can really be found
in graveyards after midnight; werewolves are real living people during the day-
time; mermaids really live in the ocean near the South Pacific; anti-science items:
scientific understanding gets better over the years; science is based on measuring
observable events in the world and this has led to important knowledge).

The hierarchical model described earlier, with three general factors of para-
normal beliefs, conspiracy beliefs, and anti-science attitudes and five specific
factors (i.e., psi, spiritualism, precognition, witchcraft, and superstition) fit the
data (CFI ¼ .85, TLI ¼ .84, RMSEA ¼ .06, SRMR ¼ .07) better than the three-
factor model (CFI ¼ .80, TLI ¼ .79, RMSEA ¼ .07, SRMR ¼ .08) and one-factor
model (CFI ¼ .60, TLI ¼ .58, RMSEA ¼ .09, SRMR ¼ .11).1 Based on these
results, we reduced the number of items to improve model fit of the hierarch-
ical model: for the revised model, we retained items with completely standar-
dized factor loadings of .60 or higher on their respective general factor.

The revised model was specified for 20 paranormal items, eight conspir-
acy items, and five anti-science items. This hierarchical model with three
general factors and four specific factors (i.e., psi, precognition, spiritualism,
and superstition) fit the data adequately (CFI ¼ .91, TLI ¼ .90, RMSEA ¼ .06,
SRMR ¼ .06). In the revised model, only one witchcraft item was retained,
two conspiracy items were allowed a non-zero residual covariance (The gov-
ernment hides information and facts to trick the public and The government
blames other people to hide its criminal activity) because of a strong residual
correlation (r ¼ .34), and the residual variance of one spiritualism item was
set to zero [Your mind or soul can leave your body and travel (astral projec-
tion)]. Table 1 presents the completely standardized general factor loadings
and the proportion of item-level variance explained by the revised model

1The same three models were estimated using the full item list. Results were similar: The
hierarchical model fit the data (CFI ¼ .83, TLI ¼ .82, RMSEA ¼ .06, SRMR ¼ .08) better than the
three-factor model (CFI ¼ .76, TLI ¼ .75, RMSEA ¼ .07, SRMR ¼ .08) and one-factor model (CFI ¼
.60, TLI ¼ .57, RMSEA ¼ .09, SRMR ¼ .10).

198 J. RIZEQ ET AL.



Table 1. General factor standardized factor loadings and proportion of variance
explained in the revised hierarchical model as well as frequency of item endorsement.

General factor item

Standardized
factor

loadings

Proportion
of variance
explained

Frequency of
endorsement

(%)

Paranormal
Some people can lift objects using the power from
their minds

.69 .63 13.4

A person’s thoughts can influence the movement
of a physical object

.60 .62 17.8

Witches really exist and practice their magical
powers in certain parts of the world

.60 .36 23.7

If you break a mirror, you will have bad luck .73 .57 20.9
Some numbers are unlucky .65 .75 29.9
Your mind or soul can leave your body and travel
(astral projection)

.65 1.00 34.0

During altered states, such as sleep or trances, the
spirit can leave the body

.61 .50 32.7

It is possible to communicate with the dead .61 .38 42.7
Astrology is a way to accurately predict the future .78 .61 21.5
Horoscopes accurately predict the future .76 .57 20.2
Some psychics can accurately predict the future .77 .62 42.1
Some people have an unexplained ability to
predict the future

.74 .87 45.8

You can prevent something bad from happening
by just touching wood

.62 .48 19.3

Certain objects, such as rabbit’s feet and four-
leafed clovers, are known to bring good luck

.68 .48 39.3

Astrology is a valid explanation for the behaviors
and personality of people

.76 .58 26.2

Dead people can communicate with living people
through s�eances or Ouija boards

.70 .49 29.3

Some numbers and dates are more lucky or
unlucky than others

.68 .70 36.1

Certain types of crystals have special powers .70 .50 24.9
Hobbits really exist .60 .36 11.8
Some people have a “sixth sense” that allows them
to accurately predict the future

.71 .58 40.8

Conspiracy
The government is secretly involved in the murder
of innocent citizens

.71 .50 44.4

The spread of certain diseases is secretly caused by
certain organizations

.79 .62 40.3

The government hides information and facts to
trick the public

.62 .38 75.0

A secret organization is responsible for making all
major world decisions, such as going to war

.78 .61 39.4

The government blames other people to hide its
criminal activity

.62 .39 63.7

A small secret group of people control
world events

.73 .53 40.0

The government routinely tries new drugs on
people without them knowing

.81 .65 42.5

Scientists routinely hide important information
from the public to protect their jobs

.60 .37 62.2

Antiscience
I tend to rely on my gut feeling even when it
contradicts a scientific finding

.61 .37 42.5

Evidence from science is usually biased or wrong .70 .49 14.7

(continued)
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as well as the total frequency of endorsement (i.e., agreement) for each
item. The three contaminated mindware factors were positively correlated
with each other: The paranormal general factor was moderately correlated
with the anti-science (r ¼ .43) and conspiracy factors (r ¼ .34), ps <.001,
while the anti-science and conspiracy factors were also moderately corre-
lated (r ¼ .38, p <.001). Further, the total score reliabilities of the three gen-
eral factors were good: The general paranormal factor had omega ¼ .93
and the conspiracy and anti-science factors had omegas of .88 and .79,
respectively, indicating that the three general factors account for a large
proportion of reliable variance in the sum of their respective items2 (see
Rodriguez et al., 2016, for a discussion of the interpretation of these
omega indices).

Total scale score descriptive statistics

Descriptive statistics are in Table 2 for all total scale scores, including the
contaminated mindware scales based on the factors of the revised CFA
model with three general factors. All variables were approximately normally
distributed with values of skewness and kurtosis near zero.

Table 1. Continued.

General factor item

Standardized
factor

loadings

Proportion
of variance
explained

Frequency of
endorsement

(%)

Because scientists disagree with each other, this
shows that science is about the personal
opinions of scientists more than actual evidence

.67 .45 27.5

Your gut feeling is better than relying on science
in making decisions

.63 .40 33.4

I don’t rely on findings from science because
scientific facts can be used to prove anything

.69 .48 26.3

Note. N¼ 321.

2To further explore the dimensional nature of individual differences in unwarranted beliefs and
directly assess the reliability of a unitary unwarranted beliefs general scale, we used the reduced
item set to estimate a model with a general unwarranted beliefs factor and three specific factors to
account for residual correlations among the paranormal, conspiracy, and anti-science beliefs and
attitudes items (in addition to specific factors for psi, precognition, spiritualism, and superstition).
The model fit the data well (CFI ¼ .94, TLI ¼ .93, RMSEA ¼ .05, SRMR ¼ .05). The specific
paranormal beliefs, conspiracy beliefs, and anti-science attitudes factors had omegas of .06, .76, and
.62, whereas the unwarranted beliefs general factor had omega ¼ .81. Notably, the general factor’s
high omega is mainly due to the paranormal items having high standardized general factor loadings
(ranging from .58 to .75) in contrast to the conspiracy and anti-science items having lower
standardized general factor loadings (ranging from .12 to .42), meaning that the general
unwarranted beliefs factor is essentially a paranormal factor (see Eid et al., 2017). Therefore, the
model with the three correlated general factors of paranormal beliefs, conspiracy beliefs, and anti-
science attitudes (in addition to the four specific paranormal factors) is preferable to a model with a
general contaminated mindware factor and three specific factors of paranormal, conspiracy, and
anti-science beliefs and attitudes (in addition to the four specific paranormal factors) because its
factor structure is a better representation of the sources of reliable variance in the item sets.
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Bivariate correlations

Correlations among scale scores are presented in Table 3. As expected, cog-
nitive ability, CRT, AOT, and OCS were all positively correlated, with correla-
tions ranging from .22 to .37, all ps < .05. Further, cognitive ability, CRT,
AOT,3 and OCS were all negatively associated with the three aspects of con-
taminated mindware, with correlations between -.14 and -.56, all ps < .05.
Finally, as hypothesized, the paranormal beliefs, conspiracy beliefs, and
anti-science attitudes scores were all positively associated (rs from .30
to .39).

SEM results

The structural equation model shown in Figure 2 had acceptable fit to the
data (CFI ¼ .91, TLI ¼ .90, RMSEA ¼ .05, SRMR ¼ .06). The set of individual-
difference variables (cognitive ability, CRT, AOT,4 and OCS5) explained
24.8% of the variance in the paranormal beliefs latent variable, 9.5% in con-
spiracy beliefs, and 41.3% in anti-science attitudes. AOT and OCS were sig-
nificant unique predictors of paranormal beliefs latent variable, p < .001

Table 2. Descriptive statistics of total scale scores.
Variable Mean SD Observed range Skewness Kurtosis

Predicted correlates
Ravens 5.79 3.42 0, 15 0.51 �0.49
Vocabulary Checklist 18.37 7.45 �2, 40 0.66 0.55
Cognitive ability composite 0.00 1.57 �3.51, 4.64 0.30 �0.32
CRT 2.25 2.09 0, 7 0.85 �0.41
AOT 120.51 13.14 90, 156 0.57 �0.29
OCS 17.68 7.63 0, 30 �0.24 �0.65
Contaminated mindware
Paranormal 51.79 19.08 20, 119 �0.02 �0.79
Conspiracy 27.26 8.04 8, 48 0.03 0.09
Anti-science 14.77 3.90 5, 30 �0.33 0.19

Note. CRT: Cognitive Reflection Test; AOT: Actively Open-Minded Thinking; OCS: Ontological
Confusions Scale.

3We also calculated correlations using a revised 23-item AOT scale which excludes the belief items
from the original scale (see Stanovich & Toplak, 2019), which yielded similar results. Specifically, the
revised 23-item AOT scale was positively associated with cognitive ability (r ¼ .31, p < .05), CRT (r
¼ .20, p < .05), and OCS (r ¼ .34, p < .05), and negatively correlated with beliefs in the
paranormal (r ¼ �.41, p < .05) and conspiracy (r ¼ �.19, p <.05) and anti-science beliefs and
attitudes (r ¼ �.54, p < .05).
4The structural equation model was also estimated using the 23-item AOT scale, excluding the 7
belief identification items (see Stanovich & Toplak, 2019 for further discussion of the issue), and had
adequate fit to the data (CFI ¼ .91, TLI ¼ .90, RMSEA ¼ .05, SRMR ¼ .06). The 23-item AOT
significantly predicted paranormal beliefs (B� ¼ �.35, p <.001), anti-science attitudes (B� ¼ �0.53,
p < .001), and conspiracy beliefs beliefs (B� ¼ �0.13, p < .05).
5Based on a Reviewer’s recommendation, we also estimated a model examining the effect of
cognitive ability, CRT, and AOT on OCS. The model fit the data well (CFI ¼ 1.00, TLI ¼ 1.00, RMSEA
¼ 0.00, SRMR ¼ 0.00). Cognitive ability (B� ¼ .17, p ¼ .004), CRT (B� ¼ .17, p ¼ .001), and AOT
(B� ¼ .28, p < .001) all significantly predicted OCS.
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and p ¼.003, respectively. AOT and OCS also significantly predicted the
anti-science attitudes latent variable, p < .001 and p ¼ .012, respectively.
Only OCS was a significant unique predictor of the conspiracy beliefs latent
variable, p ¼ .004. Cognitive ability and cognitive reflection did not signifi-
cantly predict any of the three domains of contaminated mindware.
Comparing standardized path coefficient estimates (see Figure 2), AOT was
the strongest predictor of both paranormal beliefs and anti-science atti-
tudes latent variables, such that higher AOT predicted higher disagreement
with those beliefs. Higher ontological confusions predicted higher endorse-
ments of all three domains.

Discussion

In the current study, we examined the dimensional structure of three
domains of contaminated mindware (i.e., paranormal, conspiracy, and anti-

Table 3. Correlations among all variables.
Variable 1 2 3 4 5 6 7

1. Cognitive ability 1
2. CRT .30 1
3. AOT .34 .22 1
4. OCS .31 .28 .37 1
5. Paranormal �.14 �.22 �.44 �.32 1
6. Conspiracy �.15 �.18 �.20 �.22 .32 1
7. Anti-science �.23 �.19 �.56 �.33 .39 .30 1

Note. All correlations are significant p < .05. CRT: Cognitive Reflection Test; AOT: Actively Open-
Minded Thinking; OCS: Ontological Confusions Scale.

Figure 2. SEM testing the unique effect of individual difference variables on contami-
nated mindware. Dashed lines indicate non-significant standardized regression coeffi-
cients (p >.05). Double headed arrows show the correlation among the remaining
variance in the three aspects of contaminated mindware. Ovals are latent variables
and rectangles are observed variables. The figure omits the observed item-level indi-
cators of the contaminated mindware latent variables, to reduce clutter.
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science) and the unique effects of cognitive ability, CRT, AOT, and OCS on
these domains. This study advances research on positive associations
among these domains, including paranormal beliefs, conspiracy beliefs, and
anti-science attitudes, demonstrating that the hierarchical model with three
correlated general factors representing those domains led to an optimal
representation of reliable variance in these items. Further, we replicated the
negative associations between the contaminated mindware domains and
indices of cognitive ability and reflection as well as AOT and ontological
confusions found in previous research. We also empirically supported the
notion that contaminated mindware is uniquely associated with other
aspects of cognition, including ontological confusions and actively open-
minded thinking.

The current findings support the multidimensional structure of contami-
nated mindware consisting of the domains examined in this study, consti-
tuting three correlated general factors of paranormal beliefs, conspiracy
beliefs, and anti-science attitudes, with four specific factors accounting
excess covariation among items representing specific aspects of paranormal
belief. Results from a hierarchical model with a general contaminated mind-
ware factor did not support a unitary construct, with the general factor
loadings indicating that it is essentially a paranormal belief factor.
Specifically, our CFA results suggest that those beliefs and attitudes are not
unidimensional and instead the underlying structure of those domains con-
sists of correlated, yet separate, factors based on the three domains (i.e.,
paranormal, conspiracy, and anti-science). The implication is that differences
among those beliefs and attitudes are the result of their distinct underlying
dimensions, whose intercorrelations partially explain the commonalities
among those domains, perhaps their self-validating nature and ease of
propagation (Stanovich, 2009).

These contaminated mindware domains, including paranormal beliefs,
conspiracy beliefs, and anti-science attitudes, remain prevalent in contem-
porary and educated societies. Everyone is susceptible to acquiring conta-
minated mindware; however, what is important is the degree to which we
utilize and rely on such mindware to filter information we are presented
with, especially now that media outlets are saturated with information,
requiring consumers to be critical in their interpretation and consumption
of such information (Halpern, 2014; Tully & Vraga, 2017). Therefore, it is
especially timely to study these domains and their potential contribution to
a self-validating belief system which can be unhelpful or harmful to individ-
ual decision-making (Stanovich, 2009).

Next, we examined individual differences in cognitive abilities, cognitive
reflection, actively open-minded thinking, and ontological confusions and
their associations and unique contributions to explaining individual
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differences in these domains of contaminated mindware. In terms of associ-
ations with individual differences, as expected, higher cognitive ability and
better performance on the CRT were significantly associated with less
endorsement of the three domains of contaminated mindware, albeit
weakly to moderately with correlations ranging between -.14 and -.23 and
between -.18 and -.22, respectively. Also as expected, higher AOT and lower
ontological confusions were more strongly associated with less endorse-
ment of the three domains of contaminated mindware, with correlations
ranging between �.20 and �.56 and between �.22 and �.33, respectively.
Based on the structural model, neither cognitive ability nor performance on
the CRT uniquely predicted the contaminated mindware scales over and
above AOT and ontological confusions. These results provide evidence that
ability and resistance to miserly processing are not unique determinants of
contaminated mindware, when entered alongside AOT and OCS scales, con-
sistent with suggestions posed in previous research (e.g., Browne et al.
2015; Lewandowsky et al., 2013), and support the notion that even intelli-
gent people can believe in the unbelievable (Stanovich, 2009; Stanovich
et al., 2016).

Actively open-minded thinking and ontological confusions were signifi-
cantly unique predictors of the contaminated mindware scales in the struc-
tural model. Specifically, higher AOT predicted lower endorsement of
paranormal beliefs and anti-science attitudes, while higher ontological con-
fusions predicted higher endorsement of all three domains. These results
are consistent with and extend previous research examining associations
between those individual differences and unwarranted beliefs (e.g.,
Lindeman et al., 2015; Lobato et al., 2014; Pennycook et al., 2015a;
Stanovich et al., 2016; Swami et al, 2014). These results indicate that individ-
uals with a tendency to consider evidence that may challenge their beliefs
are less likely to endorse paranormal beliefs and anti-science attitudes.
Furthermore, individuals who demonstrate ontological confusions are also
more susceptible to endorsing all three types of contaminated mindware.
Even with explicit instruction on the distinction between literal and non-lit-
eral meanings on the OCS task, participants still inferred life-like qualities
from inanimate non-living objects.

Notably, we also acknowledge some methodological limitations. Namely,
the unique predictors in the structural model (the AOT and OCS measures)
are both self-report rating scales, just like the measure of three domains of
contaminated mindware. The shared measurement modality might have
inflated associations among the rating scales. Where possible, future
research can benefit from incorporating behavioural and performance-
based types of measures when assessing domains of contami-
nated mindware.
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In addition, the measurement of contaminated mindware and its associa-
tions with human reasoning performance remains a relatively nascent field
of research, but also timely given the growing interest in how we reason
about controversial issues that involve beliefs and ideologies (Lobato &
Zimmerman, 2019; Pennycook et al., 2019; Stanovich, 2017, 2018). The
reciprocal relationship between reasoning and contaminated mindware is
yet to be explored further, particularly the directionality of the association.
For instance, the accumulation of the constituents of contaminated mind-
ware (e.g., paranormal beliefs) can result from reasoning biases (Foster &
Kokko, 2009; Vyse, 1997). But contaminated mindware can also interfere
with human reasoning and decision making in important areas, such as in
climate change (Hmielowski et al., 2014), complementary and alternative
medicine (Van den Bulck & Custers, 2010), and risky health behaviours
(Bogart & Thorburn, 2005). Therefore, further work to delineate these associ-
ations will inform the study of human reasoning in important ways.

In this study, we included paranormal items that involves specific beliefs
(such as astrology predicts the future), whereas the conspiracy and anti-science
items were somewhat general (such as a small secret group of people control
world events and evidence from science is usually biased or wrong), making
these scales more about generic beliefs and attitudes than about specific
beliefs. All of these contaminated mindware domains can conceivably be
measured as specific beliefs than general beliefs and attitudes, and vice-versa.
There are trade-offs with respect to each direction. Whereas the paranormal
and superstitious beliefs have been relatively well-studied compared to the
other domains, these beliefs do not seem to require as much knowledge as
would be required for more specific conspiracy belief items (such as the con-
spiracy subscale on the CART; Stanovich et al., 2016) or instances where the
methods of science were called into question on an anti-science scale with
more specific items. Also, there are instances where some conspiracies are in
fact true (such as US tobacco companies that conspired to hide evidence that
smoking tobacco was addictive, which is represented in a CART foil item;
Stanovich et al., 2016) and instances where scientifically-based methods have
led to problematic conclusions (the MMR vaccine and autism; Plotkin et al.,
2009), a feature that does not characterize superstitious thinking in a parallel
manner. Thus, more work is needed to determine how unhelpful information,
including these contaminated mindware domains, can be optimally assessed
to capture the evaluation disabling properties we seek to measure and their
impact on human reasoning. Ideally, we would like to advance the measure-
ment of the contaminated mindware domains so that we can assess continu-
ous differences that are not specific to particular countries, political ideologies
(Stanovich & Toplak, 2019), or require knowledge of historical or political
events (Stanovich et al., 2016). In addition, given the extensive exposure that
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children and youth have to social media, measures that demonstrate validity
in younger samples would also be useful to advance our understanding of
contaminated mindware on reasoning performance in developmental sam-
ples. Building on work such as the current study should help to disentangle
levels of conspiracy belief that may not be harmful (possibly motivating, such
as building self-efficacy; Damisch et al., 2010) from extreme levels that can be
debilitating and deterministic.

In conclusion, this study was the first to assess the dimensional structure
of three unwarranted beliefs and attitudes that form part of our contami-
nated mindware, supporting a model with three correlated factors of para-
normal, conspiracy, and anti-science beliefs and attitudes. The findings
further support the unique effects of ontological confusions and actively
open-minded thinking in predicting unwarranted beliefs and attitudes,
regardless of one’s cognitive ability and cognitive reflection capacity. The
current results warrant further examination of the consequences of such
mindware on society, particularly in relation to how this mindware may
interfere with individuals’ reasoning and decision making in relation to con-
troversial scientific topics.
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