Current Psychology (2024) 43:18074-18088
https://doi.org/10.1007/s12144-024-05611-7

=

Check for
updates

Revising the core knowledge confusions scale: a measure of logical
error associated with cognitive and personality traits

Brenton M. Williams'® . Matthew Browne'® . Matthew Rockloff'© - George Stuart?

Accepted: 2 January 2024 / Published online: 16 January 2024
© The Author(s) 2024

Abstract

The Core Knowledge Confusions scale (CKC) was designed to predict paranormal and spiritual beliefs, alternative health
beliefs and the degree to which people assign meaning to events. It measures the likelihood of individuals' tendency to accept
ontologically confused content as literally true and has been used to investigate beliefs such as the paranormal. However,
the psychometric properties of the CKC have not been tested, limiting the scale’s practical utility. The CKC was revised
and tested, internal consistency was checked, and associations to paranormal belief were assessed using a panel survey of
1010 Australian residents (M, =52, SD=17.69, Female =56%). Using structural equation modelling and regression, the
revised scale (CKC-R) content deviated from previous findings. However, it demonstrated acceptable internal, construct,
and divergent validity. External correlates of the CKC-R were aligned with expectations: associating with high verbal
knowledge, an intuitive cognitive style, and the absorption personality trait (i.e., a tendency to experience altered states of
consciousness). The CKC-R provides researchers with a validated measure predicting paranormal belief that is associated
with both cognitive and personality-based traits. Interpretation of the CKC-R as a measure of ontological error is less clear

and requires further investigation.
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Introduction

The Core Knowledge Confusions scale (CKC; Lindeman &
Aarnio, 2007) was designed to test the assertion that para-
normal beliefs could be defined by ontological mistakes.
It was assumed that people understand the world in sets of
hierarchical ontologies: trees are living inanimates with a
certain set of properties, and these differ from houses which
are inanimate objects. From this, it is assumed that our onto-
logical understanding results in beliefs about what is and is
not possible and leads people to be more or less likely to
believe in things like the paranormal (e.g. ghosts). The CKC
claimed to measure ontological errors using metaphor classi-
fication tasks (Lindeman & Aarnio, 2007). People are asked
to classify items such as a house knows its history as either
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better understood as literal or metaphoric. As houses can-
not know, classifying the item as literal is interpreted as an
ontological error. The CKC was able to significantly explain
variation in paranormal beliefs (Lindeman & Aarnio, 2007)
and has since been used to explain others such as religios-
ity (Lindeman et al., 2015), and supernatural attributions
(Barber, 2014; Svedholm et al., 2010). However, the under-
lying assumptions of the CKC are not necessarily sound and
further investigation of the scale and its properties would
provide more evidence about its relationship to ontologies
(Lindeman & Aarnion, 2007), or as more recently claimed
cognitive bias (Lindeman et al., 2022). In the present study,
we aim to revise and test the psychometric properties of the
CKC so that further work can be done to evaluate the scale
and its usefulness in predicting beliefs.

The CKC targets a very specific set of ontological errors,
those that are core knowledge-related. Core knowledge is
gained through development alone, intuitively, without the
need for formal education and is defined by its commonal-
ity across cultures (children learn the same things across
different countries) and across time (people exhibit the
same knowledge during the 1800’s and 1900’s for example)
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(Carey, 2000; Carey & Spelke, 1996). Knowing that a toy
bear does not feel thirsty is something children will learn
without instruction, so an understanding that inanimate
objects do not have the properties of animates can be con-
sidered core knowledge. However, understanding the sci-
entific properties of light requires formal education and
cannot be considered core knowledge. The CKC identifies
six core knowledge domains (such as mental states having
physical properties) and uses them as subscales of the gen-
eral core knowledge confusion trait (Lindeman & Aarnio,
2007). While these have been defined, it is unknown if these
subscales have any practical implications for the CKC and
associated beliefs.

Measurement of core knowledge (or ontological) confu-
sions is achieved by the CKC using predicate metaphors
to obscure the targeted error (Lindeman & Aarnio, 2007).
Participants are not asked to categorise rocks’ live as literal
or metaphorical, but rocks live a long time. The target meas-
ure, the association between living and a rock is obscured
through the inclusion of time which introduces the possibil-
ity that /ive might be understood not as living, but rather to
imply a long existence. To be clear, the CKC doesn’t claim
to measure explicit ontological beliefs: when asked explic-
itly participants do not believe in the ontological mistakes
they have endorsed: they do not believe that houses can
know (Lindeman et al., 2008, 2011). However, this raises
the question of what aspect of individual characteristics the
scale is measuring through its classification tasks.

The use of metaphors in communication is not uncom-
mon, they are almost unavoidable (Geary, 2011), yet
assumptions made about how they are understood and the
language implications are not without debate. The CKC is
based on the assumption that we store and understand infor-
mation in ontologies, and a literal/metaphorical distinction
is representative of those ontological categorisations (Linde-
man & Aarnio, 2007). In this sense, the CKC adheres to a
view taken by cognitive metaphor theory (Lakoff & John-
son, 1980) that metaphors are grounded in primary experi-
ences. That is, we understand metaphors because they use
experiential language, grounded in a base-level perception
such as movement or sight. Love burns like the sun can be
understood as we physically understand what burning is
or might be like. However, multiple criticisms have been
raised about these views including whether or not meaning
is transferred via grounding in a primary experience (for a
review see: Madsen, 2016). Sound and colour metaphors
can easily be found to reference the others’ domain which
creates issues for determining primacy (Williams, 1976).
For example colour (or sight) is sound: it was a loud shirt,
sound is colour: it was a bright sound. Understanding one is
not easily explainable by its use of knowledge from the other
domain as primary and assumptions of cognitive metaphor
theory become less stringently applicable: if we don’t need

a primary domain to understand metaphor it implies that
the metaphor / literal distinction may not reflect how people
understand language (Madsen, 2016). While the CKC has
been acknowledged not to measure ontologies (Lindeman
et al., 2008, 2011), it was designed assuming their use and
necessity for making a literal/metaphoric categorisation
(Lindeman & Aarnio, 2007) leaving it open to criticisms
about these assumptions.

Regardless of theoretical criticisms, allowing for the
definition of core knowledge confusions used by the CKC
as externally derived (and not necessarily representative
of cognitive organisation), classifying metaphors contain-
ing core knowledge confusions as literal has been shown
to predict multiple beliefs. It is not the aim of the present
study to evaluate and critique these assumptions (for a broad
critique see: Madsen, 2016) but to generate a valid replica-
tion of the CKC in English that can be used to explore its
properties further. Knowing more about the properties of the
CKC is of interest in understanding what individual differ-
ences might lead some to believe in logically questionable
or faith-based beliefs and not others. The current barrier
remains an appropriate verification of the CKC in Australia.
Alterations to the original Finnish CKC were made in a
North American study (Barber, 2014) where the wording
of some items was changed to make better sense in English.
Unfortunately, this implementation did not fully replicate
the statistical structure found in the original studies. For
example, several items clustered with non-related subscales
and the structural equation model produced only a marginal
fit (Barber, 2014). Nevertheless, the altered CKC used by
Barber predicted significant variation in events having pur-
pose and paranormal beliefs in both men (78%) and women
(57%; Barber, 2014). These results are consistent with the
original Finnish work, Svedholm et al. (2010) for example,
found 49% of variation in paranormal belief was predicted
by the CKC. Barber’s results support cross-cultural use of
the CKC outside of Finnish studies, and the scale more gen-
erally appears to have promise for assessing an underlying
cognitive trait with explanatory power for a range of real-
world folk beliefs. In the present study, we seek to check
the psychometric properties of a revised English-language
CKC scale and confirm associations with relevant external
measures in a cross-sectional survey. In doing so, we also
hope to gain better insight into what the CKC is measuring,
and whether the construct merits further study.

To inform expectations about the desirable properties of a
revised scale, we turn to previous studies. Verbal intelligence
has been associated with CKC outcomes in research on sus-
ceptibility to ‘pseudo-profound bullshit’; i.e., phrases that
have the structure of insightful commentary, but no meaning.
Pennycook et al. (2015) included an English translation of
the CKC as well as measures of intelligence. Significant cor-
relations were reported for both verbal intelligence and the
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CKC with paranormal beliefs (verbal intelligence: r=-0.26,
p<0.01; CKC: r=0.38, p<0.01; N=187) and between ver-
bal intelligence and the CKC (r=-0.33, p <0.001). However,
since multivariate analyses were not conducted it is unclear
whether the relationship to paranormal beliefs holds after
controlling for verbal intelligence. As verbal knowledge
influences metaphor understanding (Carriedo et al., 2016;
Prat & Just, 2011; Stamenkovi¢ et al., 2019, 2020), CKC
outcomes may reflect differences in verbal intelligence rather
than a separate trait related to ontological reasoning. That
is, errors on the CKC may reflect a poor understanding of
written statements. If the CKC scale offers little or no addi-
tional predictive value when predicting paranormal beliefs
over and above verbal intelligence measures, this would tend
to discredit the utility of CKC as a meaningful independent
trait.

Personality traits provide another source of influence on
cognitive biases (Ahmad, 2020; Kumar et al., 2021) poten-
tially leading to ontological confusion. One relevant trait is
absorption which is a measure of an individual’s imagina-
tion, affective states, and object relations (Tellegen, 1981). It
was initially designed as a measure predicting an individual's
level of hypnotisability and was interpreted as “a capacity for
absorbed and self-altering attention” (Tellegen & Atkinson,
1974, p.276). Being high in absorption may also result in
individuals attributing personal characteristics to the object
of attention (Tellegen & Atkinson, 1974) and lends itself to
interpreting the world in “unconventional or idiosyncratic”
ways (Tellegen & Atkinson, 1974, p.275). Accordingly,
when assessing statements such as a house knows its history,
individuals high in absorption may attribute their personal
characteristic (knowing) to the object (a house), resulting in
a literal interpretation of the metaphoric statement.

Absorption has been associated with a wide range of
effects ranging from religious belief (Luhrmann et al., 2010),
supernatural experiences (Lifshitz et al., 2019; Luhrmann
etal., 2021; Maij & van Elk, 2018; Wilson & Barber, 1982),
decreases in agency and increases in automaticity (Breg-
man-Hai et al., 2020), disruptions in aspects of control (Bar-
rett & Keil, 1996), a focus on negative emotions in music
(Hall et al., 2016), synaesthesia (Chun & Hupé, 2016), and
memory errors (Nichols & Loftus, 2019). Several outcomes
involve ontologies and directly relate to the supernatural.
For example, absorption correlates with experiencing God
as a person (r=0.66; Luhrmann et al., 2010), daily spir-
itual experiences (r=0.34) and hearing voices when alone
(r=0.43, p<0.001; Luhrmann et al., 2013). These corre-
lations are similar in magnitude to those reported for the
CKC on related measures: supernatural purpose (r=0.42,
p <0.05; Lindeman et al., 2015) and religion (r=0.35,
p <0.05; Lindeman et al., 2015). The common link to reli-
gious and spiritual beliefs further supports the position that
absorption and ontological confusions are associated with
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one another and might possibly indicate some degree of con-
struct overlap.

Although reliability and validity tests of the CKC have
been generally positive, it has not been established that the
CKC provides additional value when evaluated in conjunc-
tion with alternative measures of related constructs. Anthro-
pomorphism for example incorrectly assigns attributes to
targets which is very similar to the measures used in the
CKC. The CKC is built around the attribution of either life,
psychological states, or movement to categories of inani-
mate objects (e.g. the sky hears the thunder), mental states
(e.g. grief moves in the stomach), and ‘force’ which can be
interpreted as something which, when applied can change
the motion of an object (e.g. force aims to influence; Lin-
deman & Aarnio, 2007). These can largely be classed as
anthropomorphic: Trees aim to move upwards, or the earth
wants water for example. These ontological confusions are
similar to questions from general anthropomorphism scales
such as the Individual Differences in Anthropomorphism
Questionnaire (IDAQ; Waytz et al., 2010). This asks for
the various degrees to which different objects and animals
hold attributes such as free will. Thus, at face value, at least
some of the content of CKC overlaps with the construct of
anthropomorphism, the degree of overlap requires further
investigation.

Anthropomorphism was omitted in initial CKC research
and subsequent work has not checked the potential for con-
struct overlap although arguments have been made about
their differences (see Lindeman et al., 2015). Anthropomor-
phism measures (such as the IDAQ) do not generally cover
mental states or physical forces and their association with
characteristics such as agency, whereas the CKC does (Lin-
deman et al., 2015). This difference is reflected in research
findings: anthropomorphism does not specifically predict
a belief in God but does predict more general paranormal
beliefs (Willard & Norenzayan, 2013). Hence, Lindeman
et al. (2015) claim that anthropomorphism is not necessar-
ily a good predictor of all spiritual and paranormal beliefs,
appears to be justified. Nevertheless, the CKC and anthro-
pomorphism both measure a range of ontological errors and
anthropomorphism may represent a specific subset of onto-
logical confusion. Thus, it is worthwhile to test the benefit of
the CKC whilst controlling for anthropomorphism, to estab-
lish its usefulness as a broader measure of faulty ontologies.

Lastly, the CKC has been associated with intuitive think-
ing (Lindeman & Aarnio, 2007) and negatively with analyti-
cal thinking (Pennycook et al., 2015). When people think
analytically about their answers, it appears to decrease the
likelihood of making an ontological error and categorising
items as literal. This assertion is consistent with partici-
pants' explicit denial of belief in the ontological mistakes
made when asked directly (Lindeman et al., 2008); people
do not believe the mistakes that they make, but when they
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are not thinking critically people who believe in paranormal
beliefs are more likely to make ontological errors. Hence,
a revision of the CKC should evaluate the relationship
between the revised scale and analytical, or intuitive think-
ing preferences.

To reiterate some of the points above, the present study
aimed to test and validate an English revision of the CKC
(the CKC-R) in the context of existing related measures.
Candidate CKC items were tested with the following hypoth-
eses: CKC-R factor structure would adhere to the original
hierarchical model reported in previous CKC research (see
Barber, 2014; Lindeman & Aarnio, 2007; Svedholm et al.,
2010). Criterion validity was tested by comparing the vari-
ance of paranormal belief explained by both the CKC-R and
the CKC short form. Given the CKC-R is longer than the
CKC short form, we evaluated whether this yields greater
measurement precision, which was hypothesised to be
reflected in better predictive ability in paranormal belief than
the original CKC short form. Testing the divergent validity
was performed by evaluating relationships to anthropomor-
phism, analytical thinking, verbal knowledge, absorption,
and bullshit susceptibility. Analytical thinking and high ver-
bal fluency were hypothesised to correlate negatively with
the CKC-R. In contrast, absorption, bullshit receptivity, and
anthropomorphism were hypothesised to correlate positively
with the CKC-R. To evaluate the usefulness of the CKC-R,
as an independent cognitive trait, it should explain unique
variations in outcomes in multivariate regression predict-
ing paranormal belief including measures of anthropomor-
phism, cognitive style, absorption, and verbal knowledge.
While anthropomorphism is hypothesised to overlap with
the CKC-R, the other traits are predicted to be influential in
response to CKC-R items and provide insight into ontologi-
cal mistakes.

Methodology
Participants

Participants were sourced by a commercial panel provider
(Qualtrics) and received payment from the provider in the
form of redeemable vouchers. Participation was restricted
to anyone over 18 years old, residing in Australia. A total
of 1618 participants completed the survey. Screening
and quality checking for issues such as speeded respond-
ing and partial responses removed 608 participants. Due
to the survey length and the necessity for imputing many
responses, partial responses were not retained for analysis.
All survey items were required to answer, hence there was
no random missing data, rather abandoned sessions. While
these respondents may constitute characteristically different
respondents than those who completed the survey, it was

deemed unnecessary and impractical to impute responses
for inclusion. The final sample of 1010 participants retained
in the analysis consisted of 56% female, and 42% male,
with a mean age of 52 (SD=17.69). Ethics approval was
obtained from the Human Research Ethics committee of
CQUniversity (0000022768).

Materials

The CKC-R included 47 statements sourced from Barber
(2014), supplemented with newly generated candidate items
adhering to the format of the original CKC. Candidate items
were generated using commonly referenced subjects (such as
sleep). These were paired with appropriate target items (in
this example the weary) and a believable, yet metaphorical
bridge inserted to form a predicate metaphor that, if inter-
preted literally would qualify as a core knowledge confu-
sion, e.g. sleep welcomes the weary. Eight potential items
were created and are shown in the results section (Table 2).
Candidate items replaced poor contributors to the statistical
model reported by Barber (2014). Scale items are grouped to
cover the domains originally identified as core knowledge-
related confusions: artificial entities have attributes of ani-
mates, force has attributes of animates, inanimate organisms
have attributes of animates, lifeless entities have attributes
of animates, and mental states have physical attributes (Lin-
deman & Aarnio, 2007). Items classed as core-knowledge
confusions (n=34) consisted of predicate metaphors such as
a house knows its history. Participants were asked to rate on
a Likert-type scale to what degree items could be interpreted
literally (0 =metaphorical, 5 =literal), conforming to prior
CKC use (Barber, 2014; Lindeman et al., 2015; Lindeman
& Aarnio, 2007; Svedholm et al., 2010). Distractor items
consisted of both literal statements (e.g. “a drawing in pencil
can be erased”, n=9) and metaphors not classed by Linde-
man as core knowledge confusions (n=4) such as “A good
memory is a mine”.

The CKC short form was used to compare the perfor-
mance of the best-performing predictors of paranormal
belief from the original CKC (Lindeman et al., 2015) to the
CKC-R. CKC scores were created by summing item scores
with the results ranging from 0 — 14. Higher scores indicate
a greater tendency to interpret metaphoric statements con-
taining ontological errors as literal. Cronbach's alpha for the
CKC short form has been reported as 0.85 (Lindeman et al.,
2015), in this study it was 0.83.

The Paranormal and Supernatural Beliefs Scale (Dean
et al., 2021) was used to measure paranormal beliefs. It
was selected as the most appropriate measure to use as it
represents a modern, up-to-date, and specific measure of
paranormal and supernatural beliefs when compared to ear-
lier scales such as the paranormal beliefs scale (Tobacyk,
2004; for full reporting see Dean et al., 2021). The scale
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presents participants with 13 items, such as “it is possible
to be reincarnated”. Participants indicate the extent to which
they agree with the statements on a Likert-type scale rang-
ing from 1 (strongly disagree) to 4 (strongly agree). Two
items are reverse scored, and the total scale score is created
by summing the items, with scores ranging from 13 to 52.
Higher scores indicate greater belief in the paranormal. The
original scale reported Cronbach’s alpha of 0.91 (Dean et al.,
2021), in this study it was 0.87.

Verbal knowledge was measured using the ten-item ver-
sion of the Wordsum Plus test (Cor et al., 2012). This scale
has previously been used in similar research on the detection
of pseudo-profound bullshit which also included the use of
the CKC: both were shown to correlate (Pennycook et al.,
2015). Participants are presented with a word in capitals and
asked to select an alternative closest in meaning. For exam-
ple, APPARITION was presented with “ghost, insurrection,
apparent, farce, apparel, or don’t know”. Correct answers
were allocated a score of one and items were summed to
create the overall verbal knowledge score. Scores range
between zero and 10, where higher scores indicate greater
verbal knowledge. Cronbach’s alpha was previously reported
to be 0.787 (Cor et al., 2012). Using our dataset, Cronbach’s
alpha (0.80) indicated reasonable internal consistency.

Absorption was measured using the Modified Tellegen
Absorption Scale (MODTAS; Jamieson, 2005) and has been
shown to associate with similar religious and paranormal
type beliefs as the CKC (see introduction for expanded
discussion). The MODTAS consists of five factors (syn-
aesthesia, aesthetic involvement, imaginative involvement,
extrasensory perception [ESP], and altered states of con-
sciousness). A total of 34 statements such as “I feel as if
my mind could envelop the whole world” are evaluated.
Respondents are asked to rate how often they experienced
the presented feelings on a Likert-type scale ranging from
0 (never) to 5 (very often). Items are summed to create the
overall score, resulting in a maximum score of 170. Higher
scores indicate greater levels of absorption. Cronbach’s
alpha was reported as 0.94 (Jamieson & Loi, 2014) and
consistent (also 0.94) in this study.

Anthropomorphism was measured using the Individual
Differences in Anthropomorphism Questionnaire (IDAQ;
Waytz et al., 2010), a commonly used, relatively recent
measure of anthropomorphism. The IDAQ uses fifteen items
to measure generalised anthropomorphism directed towards
artificial objects, animals, and natural formations such as
mountains. Participants were asked to rate each item, such as
“To what extent does a fish have free will?” on a Likert-type
scale between 0 (not at all) and 10 (very much). Scale items
were summed, resulting in a total possible score of 150,
where higher scores indicate a greater tendency to anthro-
pomorphise. Cronbach’s alpha for the IDAQ was reported as
0.82 (Waytz et al., 2010) and calculated in this study as 0.90.
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Cognitive style was measured using the Cognitive Reflec-
tion Test 2 (CRT-2; Thomson & Oppenheimer, 2016). The
CRT-2 was validated as an alternative test to the original
Cognitive Reflection Test (Frederick, 2005) and measures
participants’ preference for analytical, or intuitive-based
thinking. The alternate test was used as an attempt to lev-
erage the validated avoidance of mathematical knowledge
associated with the original scale (Thomson & Oppen-
heimer, 2016). Five questions are presented that have an
intuitive, yet incorrect response, such as: “A farmer had 15
sheep and all but 8 died. How many are left?”. Each incor-
rect answer attracts a score of one and items are summed,
resulting in a maximum score of five. Higher scores indicate
a greater preference for intuitive thinking. Cronbach’s alpha
has been reported as low for both the original (0.62) and
CRT-2 versions (0.51) (Thomson & Oppenheimer, 2016).
The consistency of the CRT-2 in this dataset was similarly
low (0.56).

Susceptibility to bullshit was measured using the Bullshit
and Profoundness Susceptibility scale (Pennycook et al.,
2015). The bullshit susceptibility scale presents individu-
als with seven meaningless sentences such as “the hidden
meaning transforms the abstract beauty”. The profoundness
scale measures responses to seven items that have accepted
meaning to them, such as “Imagined pain does not hurt less
because it is imagined”. For this study, only the susceptibil-
ity to bullshit scale was used as a measure of an individual's
tendency to find meaning where there is none. Responses
on the susceptibility to bullshit scale are measured using
a Likert-type scale ranging from 1 (not at all meaningful)
to 6 (very meaningful), with a scale range of 7—42. The
scale was found to have good internal consistency previously
(0.82; Pennycook et al., 2015), and this is found to be similar
in this dataset with a Cronbach’s alpha of 0.88.

Results

Analysis was conducted using R (version 4.1.1). Partici-
pant demographics are presented in Table 1. Characteris-
tics including education levels, income and country of birth
broadly represent the national norms (Australian Bureau of
Statistics, 2021). Candidate CKC-R item characteristics are
presented in Table 2. All items were approximately normally
distributed, and skew and kurtosis statistics were moder-
ate. Correlations (supplied in supplementary materials 1)
between items indicate most CKC-R items are significantly
related to others, one indication the data is related and suit-
able for SEM analysis (Rosseel, 2012). Sampling adequacy,
an indicator of shared common variance between items, was
checked via Kaiser—Meyer—Olkin (KMO) and was found to
be acceptable (0.96), and Bartlett’s test of sphericity was
significant (x2(528)=12715.63, p <0.001). Thus, there was
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Table 1 Participant demographics

Gender association Count %
Male 434 42.97%
Female 568 56.24%
Non-Binary / Third gender 0.30%
Prefer not to say 0.40%
Self-described 0.10%
Highest Education Level Obtained
Year 11 or below 199 19.70%
Year 12 157 15.54%
Certificate II/IV 169 16.73%
Diploma or Advanced Diploma 105 10.40%
Bachelor degree 209 20.69%
Graduate Diploma or Graduate Certificate 56 5.54%
Post Graduate 103 10.20%
Prefer not to say 12 1.19%
Is Religion important in your daily life?
Yes 350 34.65%
No 660 65.35%
Income (Before tax, annual)
$0—$19,999 113 11.19%
$20,000—$39,000 2717 27.43%
$40,000—$59,999 167 16.53%
$60,000—$79,999 134 13.27%
$80,000—$99,999 87 8.61%
$100,000—$119,999 59 5.84%
$120,000—$139,999 37 3.66%
$140,000—$159,999 42 4.16%
$160,000 or more 43 4.26%
Prefer not to say 51 5.05%
Born in Australia?
No 319 31.58%
Yes 691 68.42%

sufficient relationship between items to assess their associa-
tion with a latent variable. All variables were scaled with
a mean of zero, and a standard deviation of one, enabling
direct comparisons for the remainder of the analyses.

We performed a confirmatory factor analysis using struc-
tural equation modelling (SEM) consistent with previous
explorations of the CKC (Barber, 2014; Svedholm et al.,
2010). Structural equation modelling (SEM) using ordinary
least squares was performed to test the predicted model
of relationships between items, the global latent trait, and
paranormal belief. The hierarchical latent trait model was
specified for the CKC and its nominal domains, as shown
in Fig. 1. All subscales were defined as uncorrelated com-
ponents of the global trait (i.e., nil residual covariation),
reflecting the originally reported scale structure (Lindeman
& Aarnio, 2007; Svedholm et al., 2010). Weak items were
evaluated and removed from the model, applying previously

proposed methodologies and rationale (Browne et al., 2018).
This approach minimises error terms between items and both
the global latent trait, and the outcome variable (paranormal
beliefs), and maximises item contribution to the overall vari-
ance explained. Error terms were based on the * and item
residuals, calculated as (1-r°)? + (1-(sum of squared residu-
als))’. These values were calculated for each of the items
at each iteration. The item with the largest error term was
removed in each iteration, and overall model goodness of fit
indicators were checked to indicate when iterations should
cease. Goodness of fit measures were acceptable after eight
iterations. The procedure for this process can be obtained
via Williams (2022).

The first iteration of SEM output found the subscale liv-
ing inanimates have properties of animates to have no sig-
nificant relationship (p=0.07, p=0.07) with the common
latent trait. The subscale, including all constituent items,
was dropped from further analysis. After further item remov-
als, the final model reported acceptable model fit statistics:
goodness of fit=0.95, RMSEA =0.04 (95% CI: 0.03—0.04,
p=1), standardised root mean square residual =0.03. Omega
was obtained using the R package semTools and Cronbach’s
alpha using package Cronbach. Internal consistency was
acceptable for both methods of evaluation (Omega=0.85,
Cronbach’s alpha=0.95). Final CKC-R items along with
their standardised factor loadings are presented in bold text,
in Table 2 with CKC-R and subscale correlations presented
in Table 3. Model paths are shown in Fig. 1. The CKC-R
model structure therefore partially met expectations since the
subscale living inanimates have properties of animates and
did not significantly relate to the global latent trait of core
knowledge confusions. Strong correlations found between
the remaining CKC-R subscales indicate they measure the
same global latent trait and overall, the CKC-R exhibits both
acceptable model fit and consistency.

Criterion validity was tested by comparing the CKC-R
to the original CKC short form in both scale consistency
and prediction of paranormal belief. The SEM model for
the CKC short form did not meet goodness of fit guide-
lines (GFI=0.90, RMSEA =0.08 (95% CI: 0.08—0.09,
p= <0.001), standardised root mean square resid-
ual =0.07). However, scale consistency was acceptable
for both scales (CKC short form: Omega =0.87, Cron-
bach’s alpha=0.83; CKC-R Omega =0.85, Cronbach’s
alpha=0.95). Correlations between both versions of the
CKC and other measures are presented in Table 4. As
predicted, both versions of the CKC positively correlate
with paranormal belief. The hypothesis that the additional
length of the CKC-R would result in a more precise meas-
urement of paranormal beliefs was tested using a two-
tailed dependent groups t-test; the correlation between the
CKC-R and paranormal beliefs was expected to be signifi-
cantly higher than that of the CKC. The 95% confidence
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Table 2 CKC-R item characteristics

Subscale and Item Mean SD Skew Kurtosis SE [k

Artificial Animate .93
Furniture wants a home** 2.32 1.40 .63 -.92 .04 .61

2 A house knows the people who live in it** 1.95 1.24 1.03 -.13 .04 .81

3 A house misses its inhabitants when they are gone** 1.91 1.24 1.12 .03 .04 79

4 A house senses its environment** 2.05 1.27 91 -.36 .04 .82

5 A house knows its history** 2.04 1.30 .96 -.34 .04 79

Force Animate 91

6 Force wants to act** 2.52 1.34 .35 -1.01 .04 .63

7 Force tries to intervene** 248 1.30 .33 -1.02 .04 .66

8 Force lives in the universe** 2.72 1.39 17 -1.18 .04 .50

9 Force knows the direction it is going in** 2.60 1.40 28 -1.21 .04 .58

10 Force knows there is a human present** 2.20 1.32 .68 -.76 .04 .76

Inanimate Animate

11 Plants know the difference of the seasons** 3.59 1.33 -.59 =77 .04

12 Flowers want light*** 4.01 1.19 -1.13 40 .04

13 Plants want to face the sun* 3.82 1.25 -85 =25 .04

14 Mushrooms value darkness* 3.46 1.40 -.50 -.98 .04

15 Flowers like bees* 3.46 1.43 -.49 -1.04 .04

Natural Living .96

16 A rock lives a long life** 2.53 1.52 41 -1.32 .05 .50

17 The moon is alive at night** 2.44 1.48 49 -1.21 .05 .59

18 Stones live in the forest™* 2.57 1.44 .34 -1.21 .05 47

19 Stars live in the sky** 3.42 1.52 -48 -1.24 .05

20 Water lives in rivers and lakes** 3.49 1.45 -.53 -1.06 .05

Lifeless Animate .99

21 Earth wants water*** 3.35 1.43 -39 -1.11 .04

22 The planets know things*** 221 1.32 .68 =77 .04 72

23 The sky hears the thunder*** 2.13 1.36 .83 -.67 .04 72

24 The sea embraces swimmers* 2.47 1.38 41 -1.10 .04 .53

25 The sky darkens in anger* 1.98 1.28 1.02 -.23 .04 .70

26 The sun touches the morning* 2.39 1.41 54 -1.05 .04

Mental Material .90

27 A plan lives in nature*** 2.50 1.36 35 -1.10 .04 .58

28 A mind touches the other*** 2.17 1.31 74 -.67 .04 71

29 Fear poisons man*** 2.55 1.41 37 -1.15 .04 .54

30 Misery seeks company* 2.32 1.37 .61 -.88 .04 .65

31 Sleep welcomes the weary* 2.82 1.50 A1 -1.40 .05

32 Knowledge is in our hands* 2.88 1.52 .07 -1.44 .05

33 Knowledge lives within people* 3.29 1.40 -35 -1.10 .04

* Newly generated items; ** Items from Barber (2014); *** Items from CKC (Lindeman & Aarnio, 2007). **** B entry for subscale relates
to estimate relating to global ontological confusion trait, B for items shows item standard estimate to subscale’s-R estimate to Paranormal

Beliefs =.44. All retained items p <.001

interval for r.CKC-R—r.CKCshort =0.03—0.09 (Dieden-
hofen & Musch, 2015; Zou, 2007) supports the prediction;
the CKC-R presents a model with appropriate fit statistics
and is a stronger predictor of paranormal beliefs when
compared to the original CKC short form.
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Divergent validity was assessed through the evalu-
ation of CKC-R relationships to anthropomorphism,
analytical thinking, verbal knowledge, absorption, and
bullshit receptivity. Scale characteristics and correlations
are presented in Table 4 above and are supportive of the
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Fig. 1 Hierarchical SEM model

used to test CKC-R items Q1-Q5 </ Artificial objects ™\
\._ are animate )
Q6-Q10 — —'< Force is animate
Qi1-Qi5 Pl Luvmg mannmates \ e
N _are animate ~——
—_— T _ General Core \
J— . = Knowledge |
— 7~ Natural lifeless SouTion "
\.__areliving . ) /
Q21-Q26 k- </ Natural lifeless
\._ are animate
v B }\;I—(;ntal states ar;~
Qa7 - Q33 \._ physical / animate _/
Table 3 Correlations betwelen Atrtificial Force Animate Natural Lifeless Mental
CKC-R and CKC-R subscales Animate Living Animate Material
Force Animate .85
Natural Living .89 .88
Lifeless Animate .92 .90 95
Mental Material .84 .83 .87 .89
CKC-R .93 91 .96 .99 .90
N=1010; All p<.001
Table 4 Scale characteristics and correlations
Scale Correlations
Mean SD Skew  Kurtosis  BS Absorption  IDAQ WordSum  CRT-2 Paranormal =~ CKC-SF
CKC-R -.15 .76 .55 -.53 Ak ARk LO2kE Ak S Q5% Ak 9]k
BS 2132 793 23 -.49 53k Sk 3k S Q1R ASekk A6k
Absorption 39.57 2038 .37 -.31 AQsk Pk -.08 50 39k
IDAQ 56.28 21.58 41 -.35 -39k S 4 Sk 56k
WordSum 6.17 2.61 =37 -.67 3wk - Q7 - 40k
CRT-2 1.44 1.19 .37 -91 - 14 -4k
Paranormal  30.22  7.18 -.24 =23 R Gk
CKC-SF 36.56 1058 .26 =25

N=1010; CKC-SF=CKC short form; *** p <.001

hypothesised relationships. To further test relationships,
a conjoint factor analysis (ConFA) using an oblimin rota-
tion (allowing correlations between factors) was run. The
model exhibited a reasonable model fit (RMSEA =0.04,
p=1, SRMR =0.06). Factor loadings are presented in
Table 5. Table 4 shows both the anthropomorphism and

susceptibility to bullshit scales were moderately, positively
correlated with the CKC-R. The ConFA output suggests
the IDAQ shows a strong loading on all the CKC-R sub-
scales. Similarly, verbal knowledge and absorption were
both correlated to the CKC-R in the expected directions,
but the ConFA identifies they have weak loadings on
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Table5 Factor Loadings from SEM Analysis of CKC-R subscales
and comparison scales

IDAQ  Absorption WordSum CRT  Bullshit
ArtAnim .96 .30 -.13 -.06 43
ForceAnim .90 33 =11 -.06 44
NatLiving 91 29 -11 -.05 42
Lifel Anim 1.09 32 -.15 -.07 48
MentalMat .85 .30 -.11 -.05 43

ArtAnim Artificial are Animate, ForceAnim Force has properties of
animates, NatLiving Natural lifeless are living, LifelAnim Lifeless
objects are Animate, MentalMat Mental states have material properties

CKC-R subscales. Overall, the CKC-R appears to be dif-
ferentiated from verbal knowledge, absorption, suscepti-
bility to pseudo-profound bullshit, and analytical think-
ing measures. However, the CKC-R appears significantly
similar to anthropomorphism (IDAQ).

Linear regression was used to evaluate the usefulness
of the CKC-R when predicting paranormal beliefs in a
model including anthropomorphism, verbal knowledge,
absorption, and analytical thinking style. Both a stand-
ard linear regression and a robust linear regression were
compared: results did not materially differ, and the out-
put of the standard linear regression is summarised in
Table 6. Using calc.relimp from R library relaimpo, the
CKC-R was the third most important predictor (+*=0.07,
p <0.001). The most important was absorption (r>=0.15,
p <0.001), and anthropomorphism was the second high-
est contributor to the model (r2 =0.08, p<0.001). Verbal
knowledge was a small, yet significant contributor to the
model whereas analytical thinking did not meet statisti-
cal significance. To measure the individual significance of
variables, partial eta-squared (calculated using R package
effect size) and the change in model R’ when individual
variables were removed are presented in Table 5. These
indicate that absorption has the most unique contribution
to the model. Other variables have significant overlap and
little unique contributions when explaining variation in
paranormal beliefs. While the effect of the CKC-R on
paranormal beliefs is statistically significant, most of the

relationship between the CKC-R and paranormal beliefs is
not unique, sharing common variance with anthropomor-
phism, absorption, and verbal knowledge.

Discussion

This research tested the psychometric properties of a revised
Core Knowledge Confusions Scale: the CKC-R. Candidate
replacements for items previously found to be suboptimal
(see Barber, 2014) were generated according to the speci-
fications of the original CKC; items were created using
predicate metaphors including core knowledge-related onto-
logical errors. Although the final CKC-R structure deviates
from the original CKC, broader psychometric properties met
most expectations. The SEM model fit, defining the CKC-R
was acceptable. Evaluations of alpha and omega for both
the CKC-R and CKC short form indicate they are similarly
consistent and, as predicted, the CKC-R is the stronger of
the two when predicting paranormal belief. The CKC-R
was also correlated to the related traits of absorption, ver-
bal knowledge, and cognitive style in the expected direc-
tions. These relationships were moderate and interpreted
as support for CKC-R divergent validity when combined
with conjoint factor analysis (CFA) although the CFA also
highlighted significant overlaps between the CKC-R and
anthropomorphism. The CKC-R was able to explain unique
variations in paranormal belief when controlling for other
measures, although the effect size was small.

The structural equation model used to evaluate the
CKC-R model met goodness of fit guidelines, resulting in
a scale with acceptable consistency as evaluated using both
Cronbach’s alpha and Omega. However, the final model
structure only partially met expectations. The subscale ‘/iv-
ing inanimates have properties of animates’ (e.g. plants want
to face the sun) was dropped from the model based on a lack
of association with the principle trait; a deviation from pre-
vious findings (see Barber, 2014; Lindeman & Aarnio, 2007;
Svedholm et al., 2010). This deviation suggests a potential
for cultural differences when evaluating core knowledge.
The original CKC (Lindeman & Aarnio, 2007) purported
to test core knowledge, in essence, knowledge that one gains

Tablg 6. Regression output B 95% CI : P 7 DeltaR>

predicting paranormal and

supernatural beliefs using CKC-R 14 21 4.06 <.001 02 01

standardised variables WordSum -.08 -14 -.02 -2.48 013 01 00
IDAQ 15 22 4.38 <.001 .02 .01
Absorption .35 41 11.58 <.001 12 .09
CRT -.03 -.08 .02 -1.20 232 .00 .00

F(5,1004)=97.82, p<.001, R’ =.33, N=1010, #° =eta-squared calculated using simultaneous entry (anova
type 2); DeltaR?=change in model R? when the variable is removed
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without formal instruction (Carey & Spelke, 1996; Spelke,
2017; Spelke & Kinzler, 2007). However, both biology stu-
dents and professors classify living inanimates as animates
when quick, intuitive responses are obtained (Goldberg &
Thompson-Schill, 2009): a core knowledge violation accord-
ing to the CKC. Given core ontological knowledge is not
dependent on domain expertise both biology students and
professors should not make errors when classifying living
inanimates such as trees. However, it takes years of expe-
rience before professors perform substantially better than
students at the categorisation task and expert knowledge is
required for the categorical error to be resolved (Goldberg
& Thompson-Schill, 2009). Thus, biological categorisations
as measured by the inanimate animate subscale appear to
reflect learned knowledge rather than core knowledge, which
would explain the poor psychometric properties of the living
inanimate subscale observed here.

Further evaluation of the CKC-R structure suggests
that the sub-domains are not statistically distinct, relative
to the general trait of making categorical errors. Correla-
tions between all subscales were strong and positive (all
r>0.83, p<0.001). Additionally, there was an extremely
strong (r=0.99) correlation between the lifeless animate
subscale and the global latent trait. Dropping all other sub-
scales would only slightly decrease the performance of the
CKC-R, and the subscale itself should be considered as a
possible short version of the CKC-R. When making core
knowledge-related ontological errors, domains appear to
be approached similarly: participants who made one kind
of ontological error are very likely to make other kinds of
ontological errors irrespective of the referenced ontology.

Hypotheses around criterion validity were partially sup-
ported. Scale consistency was found to be acceptable for
both the CKC-R and CKC short form, assessed using omega
and alpha. In this dataset, the revised CKC-R proved to be a
better fit for the hierarchical model tested as the CKC short-
form SEM model did not meet goodness of fit guidelines.
As hypothesised, the additional length of the CKC-R (when
compared to the short form) appears to yield a stronger pre-
dictive relationship with paranormal beliefs possibly due to
the additional coverage and item quality. Despite the change
in structure, the CKC-R retained appropriate characteristics,
partially meeting expectations and demonstrating criterion
validity.

Results supported the view that the CKC-R is different
to scales that have been associated with the CKC in prior
research. Verbal knowledge, absorption, and cognitive style
were all significantly correlated with ontological confu-
sion in the expected directions. However, CFA analysis
highlighted only small loadings of these scales on CKC-R
subscales and indicated divergence between scales. As pre-
dicted, higher levels of absorption, a greater focus and a
tendency to become engrossed in the subject of attention

was also associated with making more ontological errors.
This effect may be interpreted using embodied semantics.
Theories of embodied semantics suggest a role for the sen-
sorimotor system in understanding abstract concepts (i.e.
metaphors) such as those used by the CKC-R (e.g. Gallese &
Lakoff, 2005; Meteyard et al., 2012); and moderate forms of
the hypothesis are considered supportable (Meteyard et al.,
2012). In this view, both external cues and sensory-motor
systems influence individuals’ generation of understanding.
For example, when we engage in an interaction such as buy-
ing a drink, there are cues, such as numerals indicating a
price, available to assist with understanding; these are not
present when we think about buying a drink. Understanding
is reached by re-creating or simulating experience (Meteyard
et al., 2012). Given that the creation of categorical under-
standing is to some degree dependent on experience, higher
levels of absorption may reflect an increased emphasis on
sensory-motor roles (embodiment) when understanding
abstract concepts. Neurological responses related to seman-
tic embodiment may differentiate CKC-R results in much
the same way as verbal intelligence is related to responses
in N400 activity.

The moderate negative correlation between verbal knowl-
edge and the CKC-R is also consistent with previous find-
ings (see Pennycook et al., 2015). Greater verbal knowledge
is associated with a better understanding of metaphors (Car-
riedo et al., 2016), and according to our results, it also influ-
ences performance on the CKC-R. However, this association
raises the possibility of measurement error in the attempt to
measure core knowledge-related ontological errors. Verbal
skills were significant predictors of both the CKC-R and
paranormal beliefs in this study, suggesting verbal under-
standing is important in both categorical understandings and
paranormal beliefs. However, verbal skills are influenced by
education (Beck & McKeown, 2007), and education should
not influence the core knowledge-related categorical under-
standing targeted by the CKC-R. Any potential change in
item wording is complicated by the explicit directive that
core knowledge-related metaphors are necessarily abstract
(Lindeman & Aarnio, 2007). Given the IDAQ is similarly
related to both paranormal beliefs and the CKC-R, and
IDAQ items are less abstract, the requirement for abstract-
ness appears questionable. Whether the results indicate
verbal skills are related to actual ontological beliefs (the
belief that a knife can live), or to interpretations of language
that the CKC-R is predicated on (is “a knife /ives in the
cupboard” literal or metaphorical?) is unclear. The role for
verbal knowledge in providing evidence for these inter-
pretations may be clarified by further research using more
direct items such as ‘to what degree does a house know it’s
history?’.

Scales argued to overlap with the CKC-R (anthropo-
morphism and bullshit susceptibility) were both positively
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correlated with the CKC-R as hypothesised. Consistent
with previous findings the CKC-R and bullshit susceptibil-
ity are positively correlated (see Pennycook et al., 2015).
CFA output also supports the suggestion that the bullshit
susceptibility scale is associated with the CKC-R through
moderate loadings on all CKC-R subscales. Seeing mean-
ing in pseudo-profound statements tends to be associated
with more ontological errors. However, the relationship is
only moderate suggesting ontological confusion and finding
meaning in pseudo-profound statements are different, yet
overlapping constructs. Anthropomorphism (the IDAQ) was
also related to the CKC-R as predicted. Although the extent
of this overlap had not previously been tested, results (both
correlational and CFA output) indicate a significant overlap
between the two scales. Factor loading output from the CFA
highlights that while all subscales of the CKC-R are strongly
associated to the IDAQ, the lifeless are animate subscale has
a loading of greater than one and suggests the constructs are
very similar. Anthropomorphism is not always associated
with beliefs such as religion (Lindeman et al., 2015) and
why this is the case deserves more attention through detailed
comparisons between the two scales. It appears there is sig-
nificant overlap between the two and arguments about the
utility of either scale over the other remain questionable.
Arguments about the difference between the CKC-R and
anthropomorphism have previously focused on religion and
may be explained either through evaluating item wording,
or the different domains of ontologies covered in each scale.
Whereas judgments about metaphors are used by the CKC-R
(To what degree is a house knows its history a literal state-
ment?), direct statements are used by the IDAQ (to what
degree does a mountain think?). As verbal knowledge was
significantly correlated with both the IDAQ and CKC-R,
verbal knowledge may influence the interpretation of scale
items and create measurement errors between the two scales.
This may explain the theoretical divergence between CKC
and IDAQ associations to religion. Alternatively, the mini-
mal divergence may reflect differences in ontological cov-
erage. The CKC-R covers disembodied categories such as
mental states and the IDAQ does not. This appears to be
reflected in CFA output where the IDAQ had the lowest
(although still high) loading on the mental states’ subscale
of the CKC-R. Subsequently, the CKC-R may be interpreted
as a more complete representation of general core knowl-
edge related ontological confusion; an argument previously
inferred but not tested (Lindeman et al., 2015). This differ-
ence in coverage of ontological categories may explain the
divergence between the IDAQ and CKC-R seen more gen-
erally, however, it is considered less likely given our prior
suggestion that ontological domains are treated similarly
and the high loading of the IDAQ in our CFA output. Scale
coverage differences may be explored by adding missing
ontological categories such as mental states to the IDAQ.

@ Springer

Any such studies are likely to benefit from the inclusion of
a broad measure of religiosity covering both religious belief
and behaviour-related content that was not available in this
study. Such an inclusion may be able to find insight into why
despite their similarity, anthropomorphism is less consist-
ently associated with religious beliefs whereas the CKC is.
As expected, the CKC-R was a significant contributor to
the multivariate regression predicting paranormal beliefs but
the effect is small. Individual correlations of the IDAQ and
the CKC-R to paranormal belief were very similar (IDAQ:
r=0.45 and CKC-R r=0.42) and the CKC-R proved to be
a similar but less significant predictor of paranormal beliefs
than the IDAQ when both were included in multiple regres-
sion. Overall, absorption was the most important predictor
of paranormal belief, explaining 15% of the variation and
CKC-R explained 7% of the variation in paranormal beliefs.
Further analysis indicated most of this relationship was not
unique to the CKC-R. Removing the CKC-R from the linear
regression indicated only 2% of the variance explained in the
initial model was unique to the CKC-R. Hence, this research
provides some evidence for the utility of the CKC-R and the
complexity of underlying relationships that go some way to
explaining why it is that interpreting statements as literal
or metaphorical predicts beliefs such as paranormal belief.

Limitations

Low internal consistency for the CRT-2 suggests the poten-
tial for problems such as inattention in data collection.
Since other scale consistency measures were acceptable,
this is not considered likely, nor problematic for our overall
conclusions: the issue of consistency appears restricted to
the CRT-2 and is consistent with reports from the CRT-2
development (Thomson & Oppenheimer, 2016). Using a
combined seven-item evaluation of analytical thinking (see
Pennycook et al., 2015) would have been a more appropri-
ate choice for measuring analytical thinking. Because of
this issue, our results are on the lower border of expecta-
tions when comparing previous findings between analytical
thinking and the CKC. Our findings, along with previous
studies report the correlation of analytical thinking to the
CKC to be significant, negative and either small (Linde-
man & Aarnio, 2007) or moderate (Pennycook et al., 2015).
This limited relationship between analytical thinking and
ontological confusion may be explained by examining the
theoretical relationship between cognitive style and core
knowledge. It is plausible that analytical thinking is lever-
aged for knowledge or decisions that are difficult, requiring
reference to educationally obtained information. Conversely,
intuitively gained knowledge may be less likely to trigger
conflict detection processes associated with analytical think-
ing (De Neys & Glumicic, 2008; Neys, 2014). Any increased
relationship found between the CKC and analytical thinking
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(e.g., Barber, 2014) may be the result of CKC inclusions
of non-core knowledge-related errors that may be more
suited to analytical processing. This study did not directly
test this suggestion and further analysis of the dropped sub-
scale and its differences from retained measures may pro-
vide some insight. Regardless, our results are aligned with
previous findings suggesting either the CKC-R is consist-
ent with Lindeman and Aarnio (2007) and has a weak rela-
tionship to analytical thinking, or that the measure of ana-
lytical thinking we used was flawed, or likely both. Future
research may include alternative cognitive style measures
and include tests of non-core knowledge-related errors to
test the relationships.

The CKC-R faces other limitations. Firstly, the CKC-R
suffers from a lack of clarity in construct definition. As
touched on in the introduction, the measurement of ontolo-
gies may not reflect cognitive organisation. Additionally, the
CKC-R does not offer a clear explanation for the cognitive
errors it measures. Initial interpretations of the CKC suggest
that the scale was a simple reflection of ontological error that
was associated with magical thinking (Lindeman & Aarnio,
2007). However, it has since been interpreted as a cogni-
tive bias (Lindeman et al., 2022) and results here suggest an
association with both cognitive performance and personality
traits. Discussions on learning and conceptual change (in
understanding) give credence to interpreting the CKC-R as a
reflection of bias towards intuitive models of understanding.
One view of conceptual change allows for both the intuitive
and analytical accounts to co-exist and may have a positive
influence on such aspects as speed when making decisions
(Shtulman & Lombrozo, 2016). For example, intuitive (yet
incorrect) claims about why giraffes have long necks may
be wrong but ultimately lead to quicker decisions about
giraffes’ development, with little negative outcomes (for
an expanded discussion see Shtulman & Lombrozo, 2016).
Given reasonable evidence that conceptual change requires
at some point overlapping and inconsistent information and
that this may be useful in heuristically guided decisions, the
CKC-R may measure the extent to which individuals utilise
heuristics in decision making. Future studies may broaden
our understanding by testing the association of the CKC-R to
existing measures of cognitive bias or test it against beliefs
not generally associated with magical thinking.

Although no causal inferences can be made from this
study, results expand the understanding of personal influ-
ences resulting in core knowledge-related ontological mis-
takes and support CKC-R use. Intuitively (not learned) onto-
logical understandings such as those tested by the CKC-R
are significantly influenced by personality and cognitive per-
formance, with little influence from cognitive style. Whether
these core knowledge-related errors result in general logi-
cal errors (i.e., those not associated with core knowledge)
is not clear. However, given the lack of association to the

biological inanimate scale, argued here to be unrelated to
core knowledge, the suggestion is the CKC-R appears spe-
cifically useful for predicting beliefs with magical thinking-
type associations. This view is consistent with its histori-
cal implementation. Vaccination avoidance, for example, is
associated with magical health beliefs (Bryden et al., 2018)
and is predicted by a composite measure of ontological con-
fusion (Lindeman et al., 2022). However, such use of com-
posite measures required to cover core knowledge theorised
subscales appears unnecessary. Making errors in inanimate
related metaphors is also associated with responses in meta-
phors using mental states as the subject; adding additional
questions should have little practical effect on the measure
of core knowledge confusion.

Summary

This research sought to revise and test the properties of
the core knowledge confusion scale. The result is a scale
with similar properties, one significant structural deviation,
and several theoretical implications. The deviation, drop-
ping the ‘inanimates have the characteristics of animate’
items, suggests that measuring core knowledge is complex
and influenced by the degree to which common, metaphoric
language is thought of as literal. Further to this, the use of
subscales appears to provide little additional benefit when
measuring the global latent trait of ontological confusion.
Ontological mistakes do not appear to be significantly influ-
enced by their domain (mental states have physical proper-
ties vs artificial entities have properties of living animates
for example). Hence, when it comes to measuring the core
trait of ontological confusion, the use of composite scales
to ensure all core domains are covered (see Lindeman et al.,
2022) appears unnecessary. Results also suggest that onto-
logical confusions are avoided by those who display high
verbal skills and low trait absorption. The relationship with
verbal knowledge could imply a level of measurement error
in the CKC-R. Verbal skills are increased with education,
which is not supposed to be associated with core knowledge.
Hence, there is some question as to the level of measure-
ment error in the ‘core knowledge’ construct. Furthermore,
the moderately strong positive correlation and CFA load-
ings between anthropomorphism and the CKC-R suggest a
significant overlap between the two scales. The relationship
to an outcome variable, paranormal beliefs, is very simi-
lar for both scales. We are left to suggest that claiming to
measure ontological errors is a complicated and questionable
interpretation of the CKC-R. perhaps item wording is more
important than content differences between the CKC-R and
IDAQ scales and this warrants further investigation. Nev-
ertheless, the expected relationships were exhibited when
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testing the psychometric properties and supporting the use
of the CKC-R.

Our study finds that both personality and cognitive per-
formance measures are significantly associated with literal
interpretations of metaphoric statements. It appears to be
useful when predicting beliefs containing logical flaws
based on core knowledge-related ontological confusions.
Whether these core knowledge-related errors generalise to
broader categorical mistakes is yet to be tested. However,
while the association of the CKC-R to ontologies themselves
is questionable, the CKC-R predicts paranormal beliefs as
expected, and may provide further insight into other beliefs
affecting personal and social well-being.
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