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Understanding abstract phenomena is a fundamental human 
need. Emerging evidence increasingly points to the multi- 
dimensionality of abstract knowledge representations, with 
theories emphasizing the importance of both embodied and 

linguistic influences. In the present paper, we argue that 
the strength with which embodiment is associated with ab- 
stract concepts is moderated by cultural beliefs about onto- 
logical meaning. Specifically, we predicted that self-identified 

spirituality—a belief system guided by an experiential ap- 
proach to understanding reality—contributes to greater senso- 
rimotor associations with abstract concepts. As hypothesized, 
across four studies ( n = 729; in the USA and the UK), Western 
spiritual beliefs involved stronger sensorimotor associations for 
highly abstract compared to concrete concepts. Importantly, re- 
ligious beliefs that conceptually overlap with spirituality did 

not contribute to these associations. Altogether, individual dif- 
ferences in belief systems guide people’s conscious attendance 
to sensorimotor features when thinking about abstract concepts, 
with spiritual individuals likely feeling the meaning of words 
through linking abstract thought with bodily experiences. 
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1. Introduction 

Understanding reality is a fundamental human need. Beyond epis-
temic concerns about the physical world, people are strongly
motivated to understand complex abstract phenomena, such as
the nature of existence. Yet, abstract conceptual understand-
ing remains a challenge for theories of cognition. The influen-
tial embodiment perspective, which emphasizes the importance
of perception, action and emotion systems in determining the
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m tract concepts [1 ]. Indeed, brain net- 
w e when thinking about concrete con- 
c see [2 ] for an overview). On the other 
h eaning to be derived from word asso- 
c ols need to be understood in relation 
t  [3 ] for an overview). More recent hy- 
b mbodied influences [4 ]. Importantly, 
c  flexibility of abstract concepts by ac- 
k al differences in sensory experiences 
[  sensorimotor grounding contributes 
t individual differences in cultural be- 
l  examining whether spiritual beliefs 
a ance to sensorimotor features in ab- 
s

ies [8 ,9 ]. Although Western spiritual 
b r is an experiential approach to onto- 
l nd can be found by looking inwards 
[ hat one can feel what is true [11 ]. As 
s  understanding reality, we examine 
w ith abstract knowledge. As an addi- 
t lications for objective approaches to 
k

2
U vigating, predicting and controlling 
t the social world. Yet, the nature of the 
m tudy and highly debated. Influential 
t tual representations are grounded in 
p ognition that conceptualized knowl- 
e s seen as tied to bodily experiences, 
s ors (e.g. action with legs/arms), and 

i  experiences. While ample evidence 
s tual qualities (e.g. bottle), embodied 

c ncepts, which lack clear physical ref- 
e  concrete concepts, abstract concepts 
a nd have low iconicity (i.e. little cor- 
r nality (i.e. sharing few features) and 

i g more about their meaning [5 ,6 ,13 ]. 
A eriences compared to concrete ones, 
e cent theories strongly emphasize the 
i ction on needing other people to ex- 
p direct sensorimotor experiences with 
r

 representation of abstract concepts, 
t  are still linked to sensorimotor expe- 
r e embodiment-abstract thought link 
d ual or motor experience and contex- 
t  types of concept categories, concrete 
a ugh visual modality often dominates 
b tic experience and hand–arm move- 
m experiences [13 ]. Further, highly ab- 
s  and logic) involve particularly weak 
s f and sociality are strongly grounded 

i stract concepts have less prominent 

Downloaded from ro
by University of Ess
on 11 November 20
eaning of words, cannot fully account for the complexity of abs
orks associated with sensorimotor experiences are typically activ
epts, but abstract concepts primarily involve linguistic activation (
and, linguistic distributional semantic theories, which consider m
iations, suffer from the symbol grounding problem. That is, symb
o their real-world referents, rather than other abstract symbols (see
rid theories, however, account for the role of both linguistic and e
urrent evidence increasingly points to the multidimensionality and
nowledging the contribution of socio-cultural context or individu
2 ,5 –7 ]. Building on this literature, we argue it is possible that while
o the representation of abstract concepts, its strength depends on 
ief systems. In the present paper, we begin addressing this issue by
bout ontological meaning contribute to increased conscious attend
tract concepts. 
Spirituality has recently grown in prevalence in Western countr

eliefs are heterogenous, a common aspect that binds them togethe
ogical meaning, that is, the belief that truth is subjective, personal a
10 ]. This experiential way of knowing is linked to the conviction t
pirituality emphasizes the importance of subjective experience in
hether this approach contributes to sensorimotor associations w

ional aim, we explore whether sensorimotor associations have imp
nowledge involving science. 

. Flexibility of abstract concepts 
nderstanding the meaning of abstract concepts is essential for na
he physical environment, therefore imposing coherent meaning on 
ental representation of abstract concepts has been challenging to s

heorists of embodied cognition perspectives postulate that concep
erception, action and introspection, rejecting earlier theories of c
dge as amodal [12 ]. In other words, knowledge representation i
uch as those with sensory modalities (e.g. vision) or motor effect
nvolves a simulation or reenactment of these previously acquired
upports this view for concrete concepts, which have clear percep
ognition cannot fully account for the representation of abstract co
rents in the environment (e.g. meaning) [1 ]. Indeed, compared to
re more complex, as they are largely detached from perception a
espondence between the word’s form and its meaning), dimensio
mageability and are difficult to understand, with people disagreein
s such, abstract concepts are less grounded in sensorimotor exp
xposing limitations of the embodiment perspective [1 ]. Indeed, re
mportance of linguistic input and social metacognition (i.e. a refle
lain the meaning of words), rather than the exclusive reliance on 
eferents in the physical environment [14 ]. 
Although embodied cognition cannot fully explain the mental

his does not preclude the possibility that various abstract concepts
iences under certain circumstances. Specifically, the strength of th
epends on the nature of the represented concept, type of percept
ual and physical features of the environment. As an example, both
nd abstract, are differently tied to sensorimotor experiences. Altho
oth categories [13 ], concrete concepts are particularly tied to hap
ent, while abstract concepts involve auditory and interoceptive 
tract philosophical–spiritual concepts (e.g. mystery, religion, virtue
ensorimotor associations, but abstract concepts associated with sel
n inner bodily sensations (i.e. interoception) [7 ]. Overall, while ab
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
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s erate how strongly abstract concepts 
a

extual online cues rather than solely 
fi otor experiences [15 ]. Evidence sug- 
g e, can be used as a flexible toolbox in 
t onceptual metaphor theory [5 ,15 ,16 ]. 
A ce that a set of concepts makes sense 
t th upper vertical positions and spa- 
t cific spatial cues in the environment 
[ ality, power, magnitudes (e.g. domi- 
n e horizontal or vertical spatial dimen- 
s ract concepts lack physical referents, 
c d to facilitate thinking about abstract 
c  experiences. 

nvolved in the representation of ab- 
s nd perceptual or action dimensions. 
H s in higher-order cognition moderate 
t t is, our proposal is that the extent to 
w epending on one’s attitudes towards 
o tual representation is more nuanced 

t erences and diversity of experiences 
b nce in this area is still scarce, studies 
d itive learning and experiences, while 
s h as gender [26 –28 ]. In this light, we 
p aning from inner and bodily experi- 
e or features. 

3
W bsolute meaning, or in other words, 
t discovering spiritual truth refers to 
g outside of human senses (i.e. Kant’s 
n ly posits that such spiritual meaning 
i  accessible to the individual [29 ]. The 
m  spiritual practices involving a focus 
o ing. Overall, spiritual epistemology, 
t elf and hence stands in contradiction 
t  faith and positivist scientific reason 
[

nt evidence illustrating that commit- 
m resents a distinct approach to onto- 
l  as spiritual but not religious report 
g urpose) than secular individuals, a 
d ssociated with a sense of order and 

c y of knowing that prioritizes inner as 
o y is consistently linked with a greater 
r gut feelings, beliefs that one can feel 
w  knowledge [11 ,31 ,33 ,34 ]. That is, al- 
t fs, such as personal experiences with 
a side of religious traditions [29 ]. 

ique consequences for societal chal- 
l dict low trust in objective scientific 
m trust explains stronger science scepti- 
c  effectiveness of vaccines [11 ,34 –39 ]). 

e inner experiences as cues to on- 
t o representing abstract objects and 
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ensorimotor representations, there are contextual factors that mod
re tied to sensorimotor dimensions. 
Finally, the representation of abstract concepts depends on cont

xed long-term memory links between phenomena and sensorim
ests that experiences with concrete concepts, such as physical spac
he representation of a range of abstract concepts, consistent with c
s such, highly abstract reasoning about coherence – the experien
ogether as a whole—involves flexible and online associations wi
ial proximity. These associations depend on the availability of spe
15 ,17 ]. Likewise, other abstract concepts related to valence, mor
ance), social stereotypes or religious entities are associated with th
ions [18 –25 ]. Again, this evidence suggests that even though abst
oncrete concepts associated with physical dimensions may be use
oncepts, linking abstract representations to concrete sensorimotor
Altogether, the extent to which sensorimotor experiences are i

tract concepts strongly depends on the context, types of concepts a
owever, beyond these factors, we argue that individual difference

he strength of sensorimotor associations in abstract concepts. Tha
hich abstract thoughts involve sensorimotor features also varies d
ntological meaning. Recent empirical insights suggest that concep
han previous theories of cognition assumed, with individual diff
eing important factors in such representation [5 ]. Although evide
emonstrate that semantic networks change with age owing to cogn
ocio-cultural norms influence the way people define concepts suc
ropose that spiritual belief, in its focus on deriving ontological me
nces, is particularly relevant to conscious attending to sensorimot

. Spiritual quest for meaning 

ithin historical accounts, spirituality is defined as a quest for a
rue knowledge about reality and existence [10 ]. In other words, 
aining awareness of unknowable or hidden elements that exist 
oumena ). Despite the pluralism of esoteric beliefs, spirituality large
s hidden in the divine properties of one’s soul which are not readily
ain human quest is therefore to discover these properties through
n subjective experiences which grant access to ontological mean
ermed gnosis , relies on the idea that truth can be found within ones
o external forms of knowledge, including both dogmatic religious
29 ,30 ]. 

These insights about spiritual beliefs are well supported by rece
ent to spiritual beliefs contributes to existential meaning and rep

ogical knowledge beyond religiosity [31 ]. First, those who identify
reater meaning in life (in terms of coherence, significance and p
ifference explained by commitment to mystical beliefs that are a
onnection in the universe [32 ]. Second, spirituality is a distinct wa
pposed to external epistemology. Indeed, self-identified spiritualit
eliance on intuitive approaches to knowledge, including trusting 
hat is true and one’s inner knowing is superior to other people’s

hough spirituality can be experienced in relation to religious belie
 deity, Western spirituality often functions independently and out
As such, ample evidence demonstrates that spirituality has un

enges. Even when controlling for religiosity, spiritual beliefs pre
ethod as a way of discovering ontological meaning, and such low 

ism, particularly towards vaccination (e.g. distrust in the safety and
Altogether, given that spiritual individuals consider subjectiv

ological meaning, we propose that they may be predisposed t
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
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p ore consciously associate these con- 
c sorimotor associations as cognitive 
c  conflicts between scientific and spir- 
i  scepticism [38 ], we additionally hy- 
p tion rejection in spiritual individuals. 
A abstract concepts predict greater sci- 
e

4
I roaches to ontological meaning, we 
h nsorimotor links with abstract con- 
c ract concepts owing to their higher 
r elevant variables, including religios- 
i neral concrete and abstract concepts 
( endence). Importantly, spiritual and 

p  found to be weakly associated with 
s ts are especially variable across con- 
t uld strongly guide conscious senso- 
r  we also explored whether stronger 
s pticism among spiritual individuals 
[ or experiences and concepts function 
a ase science rejection. 

es, we measured participants’ senso- 
r he extent to which they experienced 

e tory, haptic, olfactory, visual and in- 
c  hand, head, mouth and torso) on a 
s ritual beliefs that were both concrete 
( se). In Study 2, we also used general 
c ree). Across all studies, we measured 

p lity (and additionally post-Christian 
s graphics. In Studies 2–4, we assessed 

w  scepticism among strongly spiritual 
i

5 ual concepts 
5

5

W  [40 ]. We report how we determined 

s t all measures. All study materials, 
d ework at https://osf.io/v5mc4 . Ad- 
d gistered in Study 3 at https://osf.io/ 

u

5

W tment platform Prolific. The sample 
s sion analysis with two tested predic- 
t tal of seven predictors, including the 
i l effect size f = 0.10, an alpha = 0.05 
a a multiple regression analysis rather 
t ct a simulation power analysis. The 
a  150 to compensate for potential data 
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henomena in the context of their bodily experiences and theref
epts with sensorimotor features. We therefore conceptualize sen
haracteristics of an inner knowing experience. As epistemological
tual approaches to knowledge contribute to stronger vaccination
othesize that sensorimotor associations would exacerbate vaccina
s such, we test whether stronger sensorimotor associations with 
nce rejection among spiritual individuals. 

. The present research 

ntegrating insights from grounded cognition with spiritual app
ypothesized that stronger spirituality would involve greater se
epts, and this would be especially pronounced for highly abst
epresentational flexibility [14 ,29 ], and when controlling for other r
ty, political beliefs and demographics. We assessed this using ge
ball/democracy) and those relevant to spirituality (crystal/transc
hilosophical concepts, which are highly abstract, were previously
ensorimotor experiences [7 ]. However, as highly abstract concep
exts, we suggest that individual differences in belief systems wo
imotor associations for such concepts [5 ]. As an additional aim,
ensorimotor grounding contributes to increased vaccination sce
38 ]. It is possible that more pronounced links between sensorimot
s a facilitatory mechanism for intuitive ways of thinking that incre
We tested the hypotheses in four online studies. Across all studi

imotor associations with a series of concepts. Participants rated t
ach concept with sensory/perceptual modalities (auditory, gusta
luding interoceptive experience) as well as motor effectors (foot,
cale. In all studies, we selected concepts that were relevant to spi
e.g. body and crystal) and abstract (e.g. transcendence and purpo
oncepts that were abstract (idea and hope) and concrete (ball and t
articipants’ self-reported beliefs, including self-identified spiritua
pirituality in Study 1), religiosity, political conservatism and demo
hether sensorimotor grounding contributes to greater vaccination

ndividuals. 

. Study 1: Sensorimotor associations with spirit
.1. Methods 

.1.1. Transparency and openness 

e follow JARS in reporting all studies in the present manuscript
ample sizes, we list all exclusions, and we are transparent abou
atasets and analysis code are available on the Open Science Fram
itionally, the hypotheses, materials and analysis code were pre-re
g8jh . 

.1.2. Participants 

e recruited 149 participants in the US through the online recrui
ize was estimated based on a power analysis for a multiple regres
ors (participants’ spirituality and concept concreteness), with a to
nteraction term between spirituality and concreteness, for a smal
nd 80% power. We note that we conducted a power analysis for 
han a linear-mixed model, as we did not have prior data to condu
nalysis estimated 100 participants, but we aimed to recruit at least
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
ex user
26

https://osf.io/v5mc4
https://osf.io/ug8jh


5
royalsocietypublishing.org/rsos

R.Soc.OpenSci.
13:

260997
................................................................................

Table 1. Samples’ characteristics across all studies. 

variables Study 1 Study 2 Study 3 Study 4 

n 141 96 139 351 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

nationality US general population 
(prolific sample) 

UK student sample UK student sample UK general population 
(prolific sample) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

language English native 
speakers: 97% 

English native 
speakers: 65% 

English native 
speakers: 84% 

English native speakers: 
100% 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

age (years) M = 37.8 s.d. = 11.7 
range: 19–74 

M = 21.2 s.d. = 4.42 
range: 18–56 

M = 19.5 s.d. = 1.40 
range: 18–28 

M = 44.80 s.d. = 1.28 
range: 20–78 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

gender women: 51% men: 
48% non-binary: 0.5% 

prefer not to say: 0.5% 

women: 83% men: 
16% gender fluid: 
1% 

women: 85% men: 
15% 

women: 56% men: 
43% prefer not to say: 
0.5% missing: 0.5% 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

political orientation 
(1 = liberal ; 10 = conservative ) 

M = 5.14 s.d. = 3.01 M = 4.23 s.d. = 1.66 M = 3.43 s.d. = 1.64 M = 4.50 s.d. = 1.90 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

religiosity M = 3.74 s.d. = 2.09 M = 3.10 s.d. = 1.97 M = 2.41 s.d. = 1.80 M = 2.05 s.d. = 1.63 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spirituality M = 4.37 s.d. = 1.89 M = 3.35 s.d. = 1.74 M = 3.12 s.d. = 1.55 M = 2.98 s.d. = 1.81 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

l k, leaving the total sample size at 141 
p nted in table 1 . Participants received 

£ e University of Essex ethics approval: 
E

5

C itual beliefs, with an equal number of 
c tract and spiritual concepts database, 
w om previous research on esotericism 

i ritual-concrete and spiritual-abstract 
c eness norm database of 40k English 
w ch had a concreteness norm rating of 
m  = 3.41, s.d. = 0.73, range: 2.76–4.80) 
( th, healing, inner, meditation, nature, 
s .d. = 0.33, range: 1.07–2.48) ( n = 16; 
a g, purpose, sacredness, significance, 
s  

2 Frequency of the concrete concepts 
w  the abstract ones ( M = 6598, s.d. = 

9 ase for English words [43 ]. 

C oncept (derived from [42 ]) as a mod- 
e ries did not affect the results). 

S  derived from Lynott et al. [44 ] and 

c erceptual modalities and five motor 

1

c
2

w

Downloaded from ro
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oss. We excluded participants who failed at least one attention chec
articipants. Demographic information about participants is prese
2.20 as compensation for a 15–20 min survey. The study received th
TH2324-1635. 

.1.3. Material 

oncepts: We aimed at selecting 30 concepts that were relevant to spir
oncrete and abstract. To achieve this, we used Villani et al. ’s [7 ] abs
ith content focused on spirituality-related beliefs also derived fr

n history, philosophy and psychology [7 ,30 ,38 ,41 ]. We selected spi
oncepts based on concreteness ratings obtained from the concret
ords [42 ]. The concepts that were relevant to spirituality and whi
ore than 2.5 (on a five-point scale) were considered concrete 1 ( M

 n = 14; body, connection, cosmos, crystal, earth, energy, force, grow
elf and universe), while those below 2.5 as abstract ( M = 1.76, s
strology, awe, holism, experience, introspection, intuition, meanin
oul, spirituality, transcendence, unity, universalism and wonder).
as slightly higher ( M = 9844, s.d. = 9814, range: 370–30 204) than
082, range: 7–28 567) based on the SUBTLEX-UK frequency datab

oncept concreteness: We used continuous concreteness ratings for each c
rator (dichotomizing the ratings into concrete and abstract catego

ensorimotor associations measure: The sensorimotor measure was directly
omprised questions tapping into experiencing concepts with six p
 Note, in an open-ended question, participants indicated that they considered connection and energy as abstract concepts referring to 
onnecting to others and good energy/vibes, respectively. 
 Owing to a coding error during the selection process, we initially classified holism as a concrete concept, but its rating indicated it 
as abstract. 

yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
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e articipants rated the extent to which 
t eling through touch, hearing, seeing, 
s g an action with effectors: hand/arm, 
f ctor was illustrated with a picture of 
a o blocks: perceptual modalities and 

m d between participants. The presen- 
t criptive purposes, for the polysemic 
c and wonder), we additionally asked 

p experiencing these concepts to assess 
w  majority of participants (over 90%) 
c ng thinking of connection in terms of 
r ne of the participants were excluded 

b  each block, where we asked partici- 
p t item. Please select 1 for all senses to 
s

S , we aimed to capture a wide range 
o  spirituality by asking participants 
t er others consider them as spiritual 
( e showed convergent and predictive 
v measured post-Christian spirituality 
[ on’, 1 = strongly disagree , 5 = strongly 
a e using an alternative measure. Both 
s pirituality) were correlated, r = 0.40. 
T ty and an inner epistemology, rather 
t

R  to the measure of spirituality, where 
p self as a religious person’ and ‘Others 
c 9). 

D gy by indicating the extent to which 
t = liberal , 10 = conservative ), reported 

a

5
W  associations and beliefs ( table 2 ). 
S associations as the outcome, while 
s  concreteness interaction as the main 
p ncluded a range of other control vari- 
a ercepts were specified to vary across 
p tandardized. All analyses were con- 
d mmeans packages. The model struc- 
t cept concreteness + category + reli- 
g ncept)). The results are presented in 
t

5

W motor associations, after controlling 
f tion ( figure 1 ). Concept concreteness 

3

o
4

s
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ffectors. Specifically, on a scale from 1 ( not at all ) to 6 ( greatly ), p
hey experienced each concept with each perceptual modality by fe
melling, tasting and sensations inside their body, and by performin
oot/leg, torso, mouth/throat and head excluding mouth. Each effe
 specific body part it referred to. All concepts were grouped into tw
otor effectors. The blocks’ presentation order was counterbalance

ation order of items within each block was randomized. For des
oncepts ( n = 3) with multiple meanings (i.e. energy, connection 
articipants what precisely they had in mind while thinking about 
hether participants considered them as concrete or abstract. The
onsidered all concepts more abstract than concrete (e.g. by reporti
elationships rather than physical connection between objects). No
ased on these responses. We also included two attention checks in
ants to indicate 1 for all modalities and effectors (e.g. This is a tes
how that you are paying attention). 

pirituality: As spiritual beliefs are highly diverse and individualized
f spiritual beliefs. For this reason, we measured self-identified
he extent to which they consider themselves spiritual and wheth
1 = not at all , 7 = very much ) ( r = 0.86) [45 ]. This two-item measur
alidity in previous studies [31 ,34 ,38 ]. However, we additionally 
46 ] (‘The divine does not originate outside, but within every pers
gree , 0 = don’t know ; α = 0.88) to ensure that our findings replicat
pirituality measures (the two-item measure and post-Christian s
hese measures were intended to measure self-identified spirituali
han spiritual rituals or practices. 

eligiosity: We measured religiosity with a two-item measure similar
articipants indicated their self-identified religiosity (‘I consider my
onsider me as a religious person’). The items were reliable ( r = 0.8

emographics: Participants also completed measures of political ideolo
hey described themselves as liberal or conservative on a scale (1 
ge, gender and whether English was their first language. 3 

.2. Results 
e first computed zero-order correlations between sensorimotor
econd, we estimated a mixed-effects model with sensorimotor 
pirituality, concept concreteness, and the spirituality and concept
redictors. We also controlled for category (sensory or motor). We i
bles, that is religiosity, conservatism, age and gender. Random int
articipants and concepts. All predictors and the outcome were s
ucted in RStudio (v.2024.04.1 + 748) using lme4, interactions and e
ure was as follows: lmer(sensorimotor rating ∼ spirituality × con
iosity + conservatism + age + gender + (1 | participant) + (1 | co
able 3. 4 

.2.1. Confirmatory analysis 

e found that spirituality significantly predicted stronger sensori
or other relevant beliefs, including religiosity and political orienta
 Across all studies, we included exploratory measures, such as attitudes towards subjective epistemology. These are beyond the scope 
f the present paper. 
 The results were replicated in an exploratory analysis where we used the post-Christian spirituality scale instead of self-identified 
pirituality; main effect of spirituality β = 0.28, 95% CI [0.18, 0.37], p < 0.001; interaction: β = − 0.02, 95% CI [ − 0.03, − 0.01], p < 0.001. 
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Table 2. Zero-order correlations between beliefs and sensorimotor associations (Study 1). 

1 2 3 

1. spirituality 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. religiosity 0 .64** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .

[0 .54, 0.73] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3. conservatism 

0 .21* 0 .40** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .

[0 .05, 0.37] [0 .25, 0.53] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4. sensorimotor associations 0 .41** 0 .28** 0 .03 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .

[0 .26, 0.54] [0 .12, 0.43] [ − 0 .14, 0.19] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

** p < 0.001, * p < 0.05. 

Table 3. Predictors of sensorimotor associations (Study 1). 

sensorimotor associations 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

predictors β 95% CI p 

spirituality 0.22 0 .11–0.32 0 .001* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

concept concreteness 0.05 − 0 .05 to 0.15 0 .294 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

category (motor: 0, sensory: 1) 0.00 − 0 .01 to 0.01 0 .959 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

religiosity 0.03 − 0 .08 to 0.14 0 .616 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

conservatism − 0.04 − 0 .13 to 0.05 0 .343 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

age 0.03 − 0 .05 to 0.11 0 .434 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

gender (1: women) 0.07 − 0 .01 to 0.15 0 .085 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spirituality × concept concreteness − 0.03 − 0 .03 to − 0.02 0 .001* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

random effects 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ2 0.64 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

τ00 ps 0.23 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

τ00 item 0.07 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ICC 0.32 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

nps 141 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

nitem 30 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

observations 45 040 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

marginal R2 /conditional R2 0.060/0.365 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

* p < 0.001. 
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and non-spiritual individuals (median split) in Study 1. 

f s analyses indicating that while spir- 
i  was the strongest for highly abstract 
(  < 0.001), compared to moderate ( β = 

0 .03, s.e. = 0.004, p < 0.001, and highly 
c = 3.51, p < 0.001), estimate = 0.05, s.e. 
= tween moderate and highly concrete 
c

5

R  we conducted additional robustness 
c e, we tested whether religiosity in- 
t ngth (see supplemental material for 
d antly predict sensorimotor scores. 

F s by introducing word frequency as 
a × concept concreteness + category + 

f icipant) + (1 | concept). This did not 
c tly the same). As sensory and motor 
d imensions separately while control- 
l ts were in line with the confirmatory 
fi ry and motor associations separately. 
T rial for full statistics). 

5
O uality contributes to greater sensori- 
m e associations were the strongest for 
h ividual differences in approaches to 
m sociations. In Study 2, we aimed to 
r ider range of concepts to assess gen- 
e sorimotor associations contribute to 
g

Downloaded from ro
by University of Ess
on 11 November 20
urther moderated this effect, with post hoc simple slopes and trend
tuality significantly predicted sensorimotor associations, this effect
 − 1s.d.) concepts ( β = 0.24, 95% CI [0.14, 0.35], s.e. = 0.05, t = 4.49, p
.22, 95% CI [0.11, 0.32], s.e. = 0.05, t = 4.01, p < 0.001), estimate = 0
oncrete ( + 1s.d.) concepts ( β = 0.19, 95% CI [0.08, 0.30], s.e. = 0.05, t 
 0.008, p < 0.001. The difference in slopes was also significant be
oncepts, estimate = 0.03, s.e. = 0.004, p < 0.001. 

.2.2. Exploratory analysis 

eligiosity: First, as spirituality conceptually overlaps with religiosity,
hecks. To achieve this, we estimated another model, but this tim
eracted with concept concreteness in predicting sensorimotor stre
etails). Across all studies, the slopes for religiosity did not signific

requency and modalities: Second, we tested the robustness of our finding
 covariate into the model: lmer(sensorimotor rating ∼ spirituality 
requency + religiosity + conservatism + age + gender + (1 | part
hange the obtained results (the effect of spirituality remained exac
imensions represent distinct constructs, we also analysed these d
ing for individual modalities and effectors, respectively. The resul
ndings indicating that greater spirituality predicted stronger senso
hese findings were true across all studies (see supplemental mate

.3. Discussion 
verall, the results supported our hypothesis indicating that spirit
otor associations with concepts related to spiritual beliefs. Thes
ighly abstract concepts. These findings provide evidence that ind
eaning are reflected in low-level but conscious sensorimotor as

eplicate these findings in a UK sample of participants and with a w
ralisability. In addition, we explored whether such low-level sen
reater vaccine scepticism among strongly spiritual individuals. 
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6 ual and general concepts 
6

6

W of Essex, based on the power analysis 
c  at least one attention check, leaving 
t c information). Participants received 

c eived the University of Essex ethics 
a

6

C ct concepts as in Study 1 ( n = 30). We 
a . = 0.20, range: 1.25–1.90) with scores 
e nsure that these items were unequiv- 
o s ( n = 15; moment, idea, hope, future, 
l asy, ideal, perfection and beauty). We 
a oncreteness score of 5) ( n = 15; water, 
b ine, tomato, vase, jar and umbrella). 
B re abstract ( M = 2.53, s.d. = 0.99) than 
g  concepts ( M = 13 485, s.d. = 18 395, 
r  concepts ( M = 24 172, s.d. = 28 580, 
r

M  motor effectors, and self-identified 

s cs, using the same measure as in 
S

V  α = 0.80 [49 ]) that included five items 
( t the spread of preventable diseases’ 
o eir health benefits’). Participants re- 
s gree ). The scores were recoded, such 
t

6
Z we estimated a mixed-effects model 
b ncept type: lmer(sensorimotor rating 
∼  religiosity + conservatism + age + 

g d in table 5 (also see figure 2 ). 

6

T e found a three-way interaction be- 
t slopes indicated that when concepts 
w ed greater sensorimotor associations 
f .28, p < 0.001) and general concepts 
(  analyses indicated that these slopes 
w 01, z = 4.83, p < 0.001. For highly con- 
c for spiritual ( β = 0.04, 95% CI [ − 0.05, 

5

i
a
t

Downloaded from ro
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. Study 2: Sensorimotor associations with spirit
.1. Methods 

.1.1. Participants 

e recruited 107 students using a participant pool at the University 
onducted for Study 1. Again, we excluded participants who failed
he total sample size at 96 participants (see table 1 for demographi
ourse credits as compensation for a 60-min study. The study rec
pproval: ETH2425-0120. 

.1.2. Material 

oncepts: We selected the same spiritual-concrete and spiritual-abstra
lso selected general concepts that were highly abstract ( M = 1.61, s.d
qual to or below 2 on Brysbaert et al. ’s [42 ] concreteness scores to e
cally abstract and maximally contrasted with the concrete concept
uck, value, peace, democracy, principle, imagination, concept, fant
lso selected highly concrete concepts (each selected concept had a c
all, tree, dog, camera, apple, grass, flower, snake, elephant, magaz
ased on the norm database, spiritual concepts were on average mo
eneral concepts ( M = 3.34, s.d. = 1.67). Frequency of the concrete
ange: 1547–68 324) was lower than the frequency of the abstract
ange: 1994–75 621). 5 

easures: Participants rated each concept on sensory modalities and
pirituality ( r = 0.85), religiosity ( r = 0.83), and demographi
tudy 1. 

accination scepticism: We included a measure of vaccination scepticism (
e.g. ‘I believe that vaccines are a safe and reliable way to help aver
r ‘The risk of vaccinations to maim and kill children outweighs th
ponded on a seven-point scale (1 = strongly disagree , 7 = strongly a
hat high ratings indicated stronger scepticism. 

.2. Results 
ero-order correlations are presented in table 4 . As in Study 1, 
ut added an interaction between spirituality, concreteness and co
 spirituality × concept concreteness × concept type + category +
ender + (1 | participant) + (1 | concept). The results are presente

.1.3. Confirmatory analyses 

he predicted main effect of spirituality was not significant, but w
ween spirituality, concept concreteness and concept type. Simple 
ere highly abstract (low concreteness: − 1s.d.) spirituality predict

or both spiritual ( β = 0.15, 95% CI [0.06, 0.24], s.e. = 0.05, t = 3
 β = 0.13, 95% CI [0.04, 0.22], s.e. = 0.05, t = 2.75, p < 0.006). Trend
ere significantly different from each other, estimate = 0.05, s.e. = 0.
rete concepts ( + 1s.d.), the effect of spirituality was not significant 
 For exploratory purposes, we also included concepts based on previous research measuring spiritual epistemology [47 ,48 ] and these 
ncluded consciousness, harmony, high, life, order and spirit, and those relevant to vaccination: vaccine, virus, injection, immunity 
nd antibodies. The results below are reported based on the core 60 concepts, but including the additional concepts did not change 
he results. 
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(earth) concepts for spiritual and non-spiritual individuals (median split) in Study 2. 

Table 4. Zero-order correlations between beliefs and sensorimotor associations (Study 2). 

1 2 3 

1. spirituality 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. religiosity 0 .65** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .

[0 .51, 0.75] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3. conservatism 

0 .18 0 .19 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .

[ − 0 .02, 0.37] [ − 0 .01, 0.37] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4. sensorimotor associations 0 .20* 0 .13 − 0 .05 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .

[0 .00, 0.39] [ − 0 .07, 0.33] [ − 0 .25, 0.15] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

** p < 0.001, * p < 0.05. 

0 % CI [ − 0.05, 0.13], s.e. = 0.05, t = 0.78, 
p

oncept concreteness, such that spiri- 
t ract concepts ( β = 0.13, 95% CI [0.04, 
0 .08, 95% CI [0.001, 0.17], s.e. = 0.05, 
t  CI [0.05, 0.13], s.e. = 0.05, t = 0.78, 
p  concept type, with spirituality pre- 
d CI [0.001, 0.18], s.e. = 0.05, t = 2.06, 
p 16], s.e. = 0.05, t = 1.48, p = 0.144). 

ncepts being associated with greater 
s t of sensorimotor category – sensory 
a

6

l
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.13], s.e. = 0.05, t = 0.81, p < 0.429) or general concepts ( β = 0.04, 95
 < 0.437). 6 

We also found a two-way interaction between spirituality and c
uality predicted greater sensorimotor associations for highly abst
.22], s.e. = 0.05, t = 2.75, p = 0.010) but not for moderate ( β = 0
 = 1.77, p = 0.081) and highly concrete concepts ( β = 0.04, 95%
 = 0.441). There was also an interaction between spirituality and
icting stronger associations for general concepts ( β = 0.09, 95% 

 = 0.040), but not for spiritual concepts ( β = 0.07, 95% CI [0.001, 0.
Finally, we found a main effect of concept type, with spiritual co

ensorimotor associations than general concepts, and a main effec
ssociations were stronger than motor associations. 
 As the concreteness scores for general concepts did not follow a normal distribution and no general concepts fell on the mean, we 
imited the simple slopes analysis to − 1 s.d. and + 1 s.d. 

yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
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Table 5. Predictors of sensorimotor associations (Study 2). 

sensorimotor associations 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

predictors β 95% CI p 

spirituality 0.08 − 0 .01 to 0.17 0 .076 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

concept concreteness 0.08 − 0 .00 to 0.16 0 .052 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

concept type (general: 0, spiritual: 1) 0.10 0 .03 to 0.17 0 .006 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

category (motor: 0, sensory: 1) 0.01 0 .01 to 0.02 0 .001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

conservatism − 0.04 − 0 .11 to 0.03 0 .208 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

religiosity 0.01 − 0 .08 to 0.09 0 .900 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

age − 0.01 − 0 .08 to 0.06 0 .714 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

gender (women: 1) 0.09 0 .02 to 0.16 0 .010 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spirituality × concept concreteness − 0.05 − 0 .05 to -0.04 0 .001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spirituality × concept type 0.01 0 .01 to 0.02 0 .001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

concept concreteness × concept type 0.06 − 0 .02 to 0.14 0 .119 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spirituality × concept concreteness × concept type − 0.01 − 0 .02 to 0.00 0 .006 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

random effects 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ2 0.79 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

τ00 ps 0.11 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

τ00 item 0.07 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ICC 0.19 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

nps 96 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

nitem 60 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

observations 63 360 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

marginal R2 /conditional R2 0.028/0.210 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6

N ssociations in predicting greater vac- 
c ating per participant and sensorimo- 
t accination scepticism as the outcome. 
S ontrolling for sensorimotor category. 
W orimotor ratings. The results are pre- 
s or associations were not significant. 
Y nificant. Simple slopes indicated that 
s nsorimotor associations were strong 
( The other slopes were not significant 
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.1.4. Exploratory analyses 

ext, we tested whether spirituality interacted with sensorimotor a
ination scepticism. We computed mean sensorimotor association r
or category. Subsequently, we estimated a regression model, with v
pirituality and sensorimotor ratings were entered as predictors, c
e also included an interaction term between spirituality and sens
ented in table 6 . The main effects of spirituality and sensorimot
et, the spirituality by sensorimotor association interaction was sig
pirituality significantly predicted vaccination scepticism when se
 + 1s.d.), β = 0.22, 95% CI [0.04, 0.40], s.e. = 0.09, t = 2.42, p = 0.022. 
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
ex user
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Table 6. Spirituality and sensorimotor associations predicting vaccination scepticism (Study 2). 

vaccination scepticism 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

predictors β 95% CI p 

sensorimotor associations − 0.04 − 0 .19 to 0.10 0 .571 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spirituality 0.02 − 0 .13 to 0.17 0 .759 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

category (motor: 0, sensory: 1) 0.03 − 0 .25 to 0.31 0 .842 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

sensorimotor associations × spirituality 0.19 0 .05 to 0.34 0 .007 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

observations 192 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R2 / R2 adjusted 0.045/0.024 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(  0.754, and at − 1s.d.: β = − 0.17, 95% 

C

6

O t, spirituality significantly predicted 

s ardless of concept type (i.e. spiritual 
v tuality interacted with sensorimotor 
a irituality being particularly linked to 
s we aimed to replicate these effects in 
a

7
I nother sample of participants, again 
u orimotor grounding predicts greater 
v aterials and analysis plans were pre- 
r 605/OSF.IO/UG8JH . 

7

7

W ant pool based on our preregistration 
p rent university pool than in Study 2. 
W he total sample size was 139 partic- 
i ived course credits as compensation 
f proval: EC.25.02.11.7160. 

7

W cepts as in Study 1 ( n = 30). Owing 
t and tested only spiritual rather than 
s , religiosity ( r = 0.91), demographics 
a  ( α = 0.84). Owing to a coding mis- 
t outweighs their health benefits’) was 
o ry and wouldn’t be made available 
t d twice. The two items were highly 
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at the mean: β = 0.02, 95% CI [ − 0.12, 0.17], s.e. = 0.08, t = 0.32, p =
I [ − 0.40, 0.06], s.e. = 0.11, t = − 1.49, p = 0.140). 

.1.5. Summary 

verall, although the main effect of spirituality was not significan
tronger sensorimotor associations for highly abstract concepts reg
s. general). In the exploratory analysis, we also found that spiri
ssociations in predicting stronger vaccination scepticism, with sp
cepticism when sensorimotor associations were high. In Study 3, 
nother sample of participants. 

. Study 3: Replication with spiritual concepts 
n Study 3, we aimed to replicate the findings from Study 2 in a
sing spiritual concepts as in Study 1 and assessing whether sens
accination rejection among spiritual individuals. All hypotheses, m
egistered on the Open Science Framework: https://doi.org/10.17

.1. Methods 

.1.1. Participants 

e recruited 154 participants through a Cardiff University particip
lan and the previously conducted power analysis. We used a diffe
e excluded participants who failed at least one attention check. T

pants (see table 1 for demographic information). Participants rece
or a 60 min study. The study received Cardiff University ethics ap

.1.2. Material 

e selected the same spiritual-concrete and spiritual-abstract con
o resource constraints, we deviated from the preregistration plan 
piritual and general concepts. We measured spirituality ( r = 0.80)
nd vaccination scepticism using the same measure as in Study 2
ake, one item (‘The risk of vaccinations to maim and kill children 
mitted, and item ‘Vaccines are thoroughly tested in the laborato
o the public unless it was known that they are safe’ was presente
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
ex user
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Table 7. Zero-order correlations between beliefs and sensorimotor associations (Study 3). 

1 2 3 

1. spirituality 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. religiosity 0.56** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .

[0.43, 0.66] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3. conservatism 

0.09 0 .25** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .

[ − 0.08, 0.25] [0 .08, 0.40] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4. sensorimotor associations 0.41** 0 .14 0 .04 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .

[0.26, 0.54] [ − 0 .03, 0.30] [ − 0 .13, 0.21] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

** p < 0.001, * p < 0.05. 

c g the duplicated item). We also mea- 
s  science, beliefs in universalism and 

i

7
A s ( table 7 ) and estimated a mixed- 
e  1. We found that spirituality signif- 
i  moderated by concept concreteness 
(

sorimotor associations at all levels of 
c . = 0.04, t = 5.62, p < 0.001, moderate 
( , and high ( + 1s.d.), β = 0.21, 95% CI 
[ slopes were significant, such that the 
s  high concreteness, estimate = 0.03, 
s , estimate = 0.02, s.e. = 0.01, z = 4.11, 
p nificant, estimate = 0.02, s.e. = 0.01, 
z r category, with stronger associations 
f

 vaccination scepticism and whether 
t uted the same model as in Study 2 
( uality predicted stronger vaccination 
s gth. We aimed to follow up on these 
fi eral public. 

8
I  a smaller number of concepts, but a 
l nd 3. 

8

8

W  platform Prolific to provide a high- 
p or, 46 participants were not presented 

w tention check, so we did not exclude 
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orrelated, r = 0.89. We computed means across all items (includin
ured other variables that are not reported in this paper: belief in
ntuitive epistemology and the naturalness bias. 

.2. Results 
s in previous studies, we first computed zero-order correlation
ffects model. The structure of the model was the same as in Study
cantly predicted stronger sensorimotor ratings, and this effect was
 table 8 ). 

While spirituality was significantly associated with stronger sen
oncept concreteness: low ( − 1s.d.), β = 0.24, 95% CI [0.16, 0.33], s.e
mean), β = 0.23, 95% CI [0.14, 0.31], s.e. = 0.04, t = 5.27, p < 0.001
0.13, 0.30], s.e. = 0.04, t = 4.88, p < 0.001, the differences between 
pirituality-sensorimotor strength link was stronger for low than
.e. = 0.01, z = 4.11, p < 0.001, and low and moderate concreteness
 < 0.001. The difference between moderate and high was also sig
 = 4.11, p < 0.001. We also found a small main effect of sensorimoto
or sensory as opposed to motor modalities. 

We subsequently tested whether spirituality predicted stronger
his effect was moderated by sensorimotor associations. We comp
 table 9 ). In partial support of our hypothesis, we found that spirit
cepticism, yet this effect was not moderated by sensorimotor stren
ndings in another high-powered replication by recruiting the gen

. Study 4: High-powered replication 

n Study 4, we aimed at replicating our previous findings by using
arger sample size. The hypotheses were the same as in Studies 2 a

.1. Methods 

.1.1. Participants 

e recruited 351 British residents through the online recruitment
owered replication of the previous findings. Owing to a coding err
ith the attention check item. All other participants passed the at
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
ex user
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Table 8. Predictors of sensorimotor associations (Study 3). 

sensorimotor associations 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

predictors β 95% CI p 

spirituality 0.23 0 .14 to 0.31 0 .001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

concept concreteness 0.06 − 0 .05 to 0.18 0 .283 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

category (motor: 0, sensory: 1) 0.01 0 .00 to 0.02 0 .045 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

religiosity 0.02 − 0 .05 to 0.10 0 .548 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

conservatism − 0.07 − 0 .16 to 0.02 0 .117 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

age − 0.06 − 0 .13 to 0.01 0 .101 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

gender (1: women) − 0.01 − 0 .08 to 0.06 0 .740 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spirituality × concept concreteness − 0.02 − 0 .02 to -0.01 0 .001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

random effects 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ2 0.68 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

τ00 ps 0.17 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

τ00 item 0.10 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ICC 0.29 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

nps 137 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

nitem 30 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

observations 45 210 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

marginal R2 /conditional R2 0.045/0.318 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 9. Spirituality and sensorimotor associations predicting vaccination scepticism (Study 3). 

vaccination scepticism 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

predictors β 95% CI p 

sensorimotor associations 0.07 − 0 .06 to 0.20 0 .302 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spirituality 0.16 0 .03 to 0.29 0 .014 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

category (motor: 0, sensory: 1) − 0.00 − 0 .12 to 0.12 0 .992 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

sensorimotor associations × spirituality − 0.06 − 0 .16 to 0.04 0 .319 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

observations 274 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R2 / R2 adjusted 0.040/0.026 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Downloaded from royalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
by University of Essex user
on 11 November 2026
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Table 10. Zero-order correlations between beliefs and sensorimotor associations (Study 4). 

1 2 3 

1. spirituality 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. religiosity 0.62** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .

[0.55, 0.68] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3. conservatism 

0.09 0 .11* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .

[ − 0.02, 0.19] [0 .00, 0.21] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4. sensorimotor associations 0.40** 0 .19** 0 .02 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .

[0.30, 0.48] [0 .09, 0.29] [ − 0 .08, 0.13] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

** p < 0.001, * p < 0.05. 

a ants received £1.30 for participation 
i proval: 100925BM. 

8

W y in how strongly their sensorimotor 
s three items relatively more concrete: 
w 26; abstract), and moderate-to-strong 
c bstract), universe ( r = 0.35; concrete) 
a  in the previous studies: spirituality 
( ticism ( α = 0.90). 7 

8
Z  previous findings, spirituality was 
a oderated by concept concreteness 
(

ssociations was the strongest when 
c , 0.32], s.e. = 0.03, t = 7.76, p < 0.001, 
c .23, p < 0.001, (estimate = 0.02, s.e. = 

0 .), β = 0.21, 95% CI [0.15, 0.28], s.e. = 

0 01). The difference in slopes between 
m (estimate = 0.02, s.e. = 0.01, z = 3.83, 
p

e associations were generally greater 
f effect of concept concreteness, with 
h

tion scepticism and whether this was 
m uality predicted stronger vaccination 
s ensorimotor-associations interaction 
w otor associations, whereby stronger 
a

e link between spirituality and senso- 
r were not consistent with the previous 

7

b

Downloaded from ro
by University of Ess
on 11 November 20
ny participants (see table 1 for demographic information). Particip
n a 10-min study. The study received Gettysburg College ethics ap

.1.2. Material 

e selected six spirituality-related concepts based on the variabilit
trength correlated with spirituality (derived from Study 1), with 
eak correlations: nature ( r = 0.21; concrete) and connection ( r = 0.
orrelations: body ( r = 0.34; concrete) and universalism ( r = 0.34; a
nd soul ( r = 0.46; abstract). We included the same measures as
 r = 0.89), religiosity ( r = 0.91), demographics and vaccination scep

.2. Results 
ero-order correlations are presented in table 10 . Consistent with
ssociated with stronger sensorimotor ratings. This effect was m
 table 11 ). 

Again, the association between spirituality and sensorimotor a
oncept abstractness was high: low ( − 1s.d.), β = 0.25, 95% CI [0.19
ompared to the mean, β = 0.23, 95% CI [0.17, 0.30], s.e. = 0.03, t = 7
.01, z = 3.83, p < 0.001), and compared to high concreteness ( + 1s.d
.03, t = 6.51, p < 0.001 (estimate = 0.04, s.e. = 0.01, z = 3.83, p < 0.0
ean and high ( + 1s.d.) concept concreteness was also significant 

 < 0.001). 
We also found a main effect of sensorimotor category, such that th

or sensory modalities compared to motor effectors, and a main 
igher concreteness predicting greater sensorimotor associations. 
Finally, we tested whether spirituality involved stronger vaccina
oderated by sensorimotor associations ( table 12 ). Although spirit
cepticism in partial support of our hypothesis, the spirituality-by-s
as not significant. We additionally found a main effect of sensorim
ssociations predicted greater vaccination scepticism. 
Overall, we replicated the findings from Studies 1–3 regarding th

imotor features. Yet, the results concerning vaccination scepticism 
 We also measured other variables that were collected as part of another project and are not reported in this paper: the naturalness 
ias/conspiracy beliefs. 

yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
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Table 11. Predictors of sensorimotor associations (Study 4). 

sensorimotor associations 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

predictors β 95% CI p 

spirituality 0.23 0 .17–0.30 0 .001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

concept concreteness 0.25 0 .03–0.47 0 .029 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

category (motor: 0, sensory: 1) 0.06 0 .05–0.07 0 .001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

conservatism − 0.00 − 0 .05 to 0.05 0 .985 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

religiosity − 0.04 − 0 .11 to 0.02 0 .174 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

age − 0.03 − 0 .08 to 0.02 0 .229 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

gender (1: women) − 0.01 − 0 .06 to 0.04 0 .609 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spirituality × concept concreteness − 0.02 − 0 .03 to -0.01 0 .001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

random effects 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ2 0.60 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

τ00 ps 0.21 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

τ00 item 0.08 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ICC 0.33 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

nps 351 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

nitem 6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

observations 21 641 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

marginal R2 /conditional R2 0.110/0.400 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 12. Spirituality and sensorimotor associations predicting vaccination scepticism (Study 4). 

vaccination scepticism 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

predictors β predictors β

sensorimotor associations 0.08 0 .01–0.16 0 .031 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

spirituality 0.35 0 .27–0.42 0 .001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

category (motor: 0, sensory: 1) − 0.01 − 0 .08 to 0.06 0 .795 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

sensorimotor associations × spirituality 0.01 − 0 .06 to 0.07 0 .817 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

observations 702 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R2 / R2 adjusted 0.152/0.147 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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s tor grounding contributes to science 
r

9
R  emphasize the multidimensionality 
o in conceptual representations [3 ,5 ,6 ]. 
I by socio-cultural context and social 
m eriences [3 ,5 ,6 ,13 ]. In the current pa- 
p aning represent an important factor 
t oncepts. We hypothesized that spiri- 
t  reality, would contribute to stronger 
a ete concepts [3 ,6 ,13 ]. Importantly, as 
s ly assessed the predictive power of 
s

articipants to indicate how strongly 
t ried in abstractness with perceptual 
m dicted greater sensorimotor strength 
e controlling for religiosity, the domain 
( l studies, the main effect of religiosity 
w ool of general and spiritual concepts 
( g sensorimotor associations for gen- 
e tent with the notion that the meaning 
o ess across people [3 ], spirituality did 

n te spiritual and general concepts. 
 ,38 ], we also assessed whether sen- 

s eriential epistemology, contributing 
t  evidence for these associations was 
m

9
C , concept types and different sensory 
o wledge is grounded in sensorimotor 
d ture increasingly acknowledges the 
i  [5 ]. Indeed, previous studies found 

t ividual differences in demographics, 
s uding those of blind or deaf individ- 
u emonstrating that belief systems are 
a ibility is that higher-order cognition 
m tial epistemology guides lower-level 
e d pattern is also plausible: individu- 
a quiring concepts may adopt spiritual 
b act concepts as well as spiritual belief 
s

nce suggests that the nature of con- 
c sical features of the environment do 
n viously it was assumed that abstract 
c e.g. as demonstrated by how highly 
a  with sensorimotor dimensions [7 ]), 
o ies involve equally strong sensorimo- 
t ings imply that the concrete-abstract 
d  of concepts [5 ]. Consistent with this 
l houghts about abstract concepts are 
g t is concept concreteness, and belief 
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tudies. Future studies should more closely assess how sensorimo
ejection. 

. General discussion 

ecent theoretical perspectives on abstract concepts increasingly
f abstract concepts and the importance of individual experience 
ndeed, the meaning of abstract concepts is flexible, influenced 

etacognition, and it varies across people with diverse sensory exp
er, we aimed to understand whether beliefs about ontological me
hat moderates conscious sensorimotor associations with abstract c
uality, which focuses on an experiential approach to understanding
ttendance to sensorimotor features in abstract compared to concr
pirituality is conceptually related to religiosity, we simultaneous
pirituality and religiosity in sensorimotor associations. 
We tested the predictions across four studies, where we asked p

hey experienced a series of spiritual and general concepts that va
odalities and motor effectors. Across all studies, spirituality pre
specially for highly abstract compared to concrete concepts, when 
sensory vs. motor), political ideology and demographics. Across al
as not significant. In addition, in Study 2, which assessed a large p

 N = 60), we further found that spirituality involved especially stron
ral and spiritual concepts that were highly abstract. Finally, consis
f highly concrete concepts is generally less subjective and varies l
ot significantly predict sensorimotor associations of highly concre
Finally, as spirituality predicts stronger science rejection [11 ,32

orimotor grounding functions as a reinforcing mechanism for exp
o increased science rejection among spiritual individuals. Yet, the
ixed, and this question requires further investigation. 

.1. Spirituality guides abstract representations 
urrent perspectives on cognition suggest that contextual features
r motor experiences guide how strongly abstract conceptual kno
imensions [3 ,6 ,7 ,15 ]. Although evidence is still limited, the litera
mportance of individual differences in conceptual representations
hat sensorimotor grounding of abstract concepts depends on ind
ocio-cultural influences and diversity of sensory experiences, incl
als [26 –28 ,50 ,51 ]. Our findings directly extend this literature by d
nother important dimension in conceptual associations. One poss
otivated by pursuit of ontological meaning through an experien
mbodied conceptual representations. On the other hand, a reverse
ls who more strongly attend to sensorimotor experiences while ac
elief systems. Overall, our findings contribute to literature on abstr
ystems. 
First, in illustrating the importance of belief systems, our evide

ept, type of perceptual or motor experience and contextual or phy
ot fully account for associations in abstract concepts. Although pre
oncepts are less linked to sensorimotor experiences on average (
bstract spiritual and philosophical concepts are weakly associated
ther studies showed that concrete as well as some abstract categor
or links in multiple perceptual and motor domains [13 ]. These find
ichotomy is not diagnostic when determining the representation
iterature, our evidence further suggests that mentally conscious t
uided by an interaction between conceptual characteristics, tha
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
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s ughts depending on individualized 

w ceptual characteristics, language and 

s  have important implications also for 
c

tical and historical insights concern- 
i  unique way of knowing focused on 
e ific reason and religious faith [29 ]. In 
t nlike scientific reason) or communi- 
c ), as it is highly individualized, per- 
s  view that spirituality is experiential 
w d abstract phenomena in lower-order 
c

imotor associations, despite religious 
p as postures [52 ]. It is worth mention- 
i not in Studies 2 and 3) demonstrate 
t  (Study 1: r = 0.28; Study 4: r = 0.19), 
a  4: r = 0.40). While religiosity has not 
b onger reliance on intuition, while re- 
l theless, these zero-order correlations 
a s not predict sensorimotor strength 
w irituality conceptually overlaps with 
r . 

9
A etween spiritual beliefs and sensori- 
m etween a need to assign greater per- 
s on to these experiences. Recent work 
s alous or ambiguous sensory experi- 
e ily accessible and the experiences are 
p  account for them [55 ]. In turn, these 
b uch as teleological thinking whereby 
e refore possible that spiritual individ- 
u uitively, also pay particular attention 
t sorimotor associations with abstract 
t inforced and maintained by cultural 
s s yoga or meditation [11 ,57 ]. Indeed, 
p n in the brain (during action percep- 
t ving no training in specific activities 
o uld directly examine whether senso- 
r sations and a dispositional tendency 
f

9
W accine scepticism, supporting previ- 
o t of sensorimotor associations [31 ,38 ]. 
A uality predicted stronger vaccination 
r udy 4 demonstrated that sensorimo- 
t er vaccination rejection. These results 
d not significantly predict vaccination 
s  belief in science as a way of know- 
i dge and inner spiritual knowledge), 
r heless, this evidence hints on the im- 
p different epistemologies. Potentially 
i ption and action creates metaphoric 
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ystems. As such, sensorimotor features are present in abstract tho
ays of understanding reality. It is therefore likely that, beyond con
ocial interactions with others, motivational approaches to meaning
onceptual representations and sensorimotor grounding. 
Second, our findings provide empirical evidence for the theore

ng spiritual beliefs. Spiritual beliefs are theoretically defined as a
xperiential approaches to knowledge that are distinct from scient
hat sense, spiritual meaning cannot be independently verified (u
ated to another person (unlike scientific reason and religious faith
onal and shaped by experience [29 ,30 ]. Our findings support the
hich is manifested by greater links between bodily experiences an
ognition. 
Importantly, religiosity did not significantly contribute to sensor

rayer practices often being linked to embodied dimensions, such 
ng, however, that zero-order correlations in Studies 1 and 4 (but 
hat religiosity is also significantly linked to sensorimotor strength
lthough to a lower extent than spirituality (Study 1: r = 0.41; Study
een linked to experiential approaches to truth, it does involve str
igious practice can also lead to spiritual experiences [53 ,54 ]. Never
re explained by spirituality in Studies 1 and 4, as religiosity doe
hen spirituality is controlled for. This suggests that although sp
eligiosity, spirituality has uniquely strong links with embodiment

.2. Potential mechanisms 
lthough we did not investigate mechanisms involved, the links b
otor features may potentially arise in response to an interaction b
onal significance to bodily experience and greater focus or attenti
uggests that supernatural beliefs likely occur in response to anom
nces. When causal factors leading to such experiences are not read
articularly emotional or aversive, supernatural beliefs are used to
eliefs are retained among those who are prone to cognitive biases, s
xperiences are explained as if designed for a purpose [56 ]. It is the
als, who have increased tendencies to think teleologically and int
o their bodily experiences which in turn helps the formation of sen
hought. In turn, spirituality-embodiment links may be further re
piritual practices, involving perceptual and motor activities, such a
revious work suggests that stronger sensory and motor activatio
ion) is associated with having training or expertise compared to ha
r movements like professional dancing [58 –61 ]. Future research sho
imotor associations are explained by greater attention to bodily sen
or teleological thinking among spiritual individuals. 

.3. Implications for science rejection 
hile in all studies we found that spirituality was associated with v
us findings in the literature, we found mixed evidence for the effec
lthough the results in Study 2 supported our hypothesis, as spirit
ejection especially when sensorimotor associations were strong, St
or grounding and spirituality contributed independently to strong
id not replicate in Study 3, where sensorimotor associations did 

cepticism. Potentially, these associations contribute directly to low
ng (i.e. epistemological conflict between external scientific knowle
ather than being directly involved in vaccination rejection. Nevert
ortance of conceptual associations for higher-order attitudes to 
ncreased grounding of the meaning of abstract concepts in perce
yalsocietypublishing.​org/​rsos/​article-pdf/​doi/​10.​1098/​rsos.​260997/​6174313/​rsos.​260997.​pdf
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l eaning [16 ]. When these perceptions 
o at feels meaningful is favoured over 
o  examined in future studies. 

9
W sorimotor features in highly abstract 
c sorimotor associations of spirituality- 
r  general concepts (although spiritu- 
a stract general concepts in Study 2). 
I orized as relevant and irrelevant to 
s n has not been objectively validated. 
F spirituality; for example, the concept 
o ual individuals. Second, general con- 
c  the spiritual concepts. It is possible 
t ith conscious attention to sensorimo- 
t d non ‑spiritual concepts were partly 
d . The present findings therefore sug- 
g greement differ in judgements of the 
c  agreement is modulated by individ- 
u that the number of items used in the 
p epresentative of a broader conceptual 
l lize to a broader set of concepts, it is 
n

lved spiritual identity (Studies 1–4) 
a t investigate the relationship between 
s ssible that spiritual individuals who 
e pared to sensory associations with 
a

1
C man need for understanding reality 
b gh inner experiences [30 ]. We there- 
f oderates the extent to which abstract 
c s, we found that spirituality involves 
s te concepts, with spiritual individu- 
a eir unique sensorimotor experiences. 
O gical meaning guide thoughts about 
a
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1
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inks between bodily experiences and perceptions of ontological m
f valued meaning conflict with scientific findings, knowledge th
bjective evidence by spiritual individuals. This should be directly

.4. Limitations 
hile we found that spirituality is uniquely linked to greater sen

oncepts, our findings are based on studies that largely assessed sen
elated concepts rather than non-spiritual concepts that we termed
lity also predicted stronger sensorimotor grounding of highly ab
t is important to note that while the preselected items were categ
pirituality based on previous classifications (e.g. [7 ]), this distinctio
irst, this distinction may vary based on individual differences in 
f peace might be seen as more spiritual to spiritual than non-spirit
epts had more extreme concreteness and abstractness scores than
hat individual differences in spirituality are not only associated w
or features, but that the observed differences between spiritual an
riven by variability in the degree of agreement for those concepts
est that future research should directly examine whether levels of a
oncreteness of spiritual versus general concepts and whether such
al differences in spirituality. It is also important to acknowledge 
resent studies was limited (especially in Study 4) and may not be r
exicon. Therefore, to establish whether the reported effects genera
ecessary to examine a larger stimuli pool in future research. 
Finally, we note that our operationalization of spirituality invo

nd post-Christian beliefs about epistemology (Study 1). We did no
piritual practices or rituals and sensorimotor associations. It is po
ngage in specific rituals might show especially strong motor com
bstract concepts. 

0. Conclusion 

ultural beliefs related to spirituality can satisfy a fundamental hu
y offering a promise that ontological meaning can be found throu
ore aimed to examine whether commitment to spiritual beliefs m
oncepts are linked to sensorimotor experiences. Across four studie
tronger sensorimotor associations in abstract compared to concre
ls likely feeling meaning through linking abstract thought with th
verall, these findings demonstrate that attitudes towards ontolo
bstract concepts. 
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