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Metaphors are a fundamental tool for shaping human understanding and interaction with the world. Indeed, they play a crucial
role in cognitive and emotional processes, enabling individuals to comprehend one domain of experience in terms of another.
Grounded in the Conceptual Metaphor Theory, this scoping review emphasizes the significant role of the body in metaphorical
cognition and examines how technology may enhance cognitive and emotional abilities through metaphorical embodiment and
enactment. Additionally, the review proposes the theoretical frameworks of active inference and Bayesian brain to provide a
deeper understanding of how embodied metaphors shape cognitive and emotional experiences by integrating past experiences
with current sensory inputs to make predictions about the future. Searches were conducted in the PubMed, PsycINFO, Scopus,
and Web of Science databases to extract relevant articles. Out of the 2648 articles retrieved, a total of 19 studies met the
inclusion criteria, comprising 15 studies concerning the effect of metaphors on different cognitive abilities (i.e., learning,
creative cognition, and perception) and 4 studies regarding emotions (i.e., emotional regulation, arousal, and
psychophysiological correlates). Data from these studies were systematically extracted, tabulated, and subjected to a narrative
synthesis. Overall, findings suggest that the embodiment and enactment of metaphors, facilitated by immersive technologies,
significantly influence cognitive processes and emotional experiences. This enhancement is observed across diverse
demographic groups, indicating broad applicability. Despite promising implications, the review identifies a need for further
research, especially among clinical populations and in exploring metaphors not traditionally framed within the Conceptual
Metaphor Theory.

Keywords: active inference; cognition; embodied cognition; emotion; enacted metaphor; immersive technologies; metaphor;
virtual reality

1. Introduction

A metaphor is a figure of speech that enables individuals to
comprehend one domain of experience in terms of another
[1]. According to Lakoff and Johnson [1], metaphors are
not mere linguistic constructs but an inherent part of our
thought processes, serving as indispensable tools in convey-

ing complex and abstract concepts through structured map-
pings that link them to more concrete and familiar notions
in everyday language. According to Cuccio [2], embodied
metaphorical cognition views the body as the source domain
of metaphorical mappings, therefore playing a crucial role in
cognitive processes. Indeed, according to some accounts
(e.g., [3]), the representations of the body itself are crucial
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for impacting cognition and structuring the conceptual sys-
tem. A conceptual distinction between the body schema and
the body image should take into account Gallagher's [4, 5]
view. Indeed, the body's dual role—both as an object of
intentional consciousness and as a motor system that
enables movement—must be acknowledged in cognitive
and perceptual processes, as well as its integral function in
shaping perceptions, movements, and interactions within
the world. Specifically, the body schema is a system of senso-
rimotor processes that constantly regulate posture and
movements, allowing us to navigate and perceive the world,
without the need for reflective awareness or perceptual mon-
itoring, and it refers to the motor abilities that are founda-
tional to action and perception. In contrast, the body
image is the result of our perception and mental image of
our own body. One of the body schema's functions concerns
cross-modal communication, that is, the ability to transform
visual inputs into motor competence, which suggests the
presence of a mechanism of activation of perception and
emotion-related areas of the brain, also referred to as
embodied simulation. The embodied simulation is activated
not only by direct observation of others but also by cognitive
tasks such as mental imagery and language comprehension
[6]. Cuccio [2] argues that the body schema and the body
image interact in an embodied simulation. On the one hand,
the former is the primary and basic source of an associative
mapping from sensorimotor abilities to perception, which is
enacted and cannot be passively received. On the other
hand, in metaphors from the body image, the source of the
metaphor is the body as an object of representation and
knowledge.

In light of these insights into embodied cognition, it is
essential to consider the foundational framework provided
by the Conceptual Metaphor Theory (CMT) proposed by
Lakoff and Johnson [1], which posits that metaphors are a
cognitive tool that people use to understand abstract con-
cepts by mapping them onto more concrete, familiar
notions. This framework suggests that metaphors meaning-
fully reflect how bodily experiences guide mental processes,
with research indicating significant metaphorical effects on
attention, memory, social perception, attitudes, and judg-
ments. For instance, it has been observed how holding a
warm cup can make people perceive others as warmer in
personality, while thinking about a “rough day” leads to per-
ceiving physical surfaces rougher [7]. This implies that met-
aphors meaningfully reflect how bodily experiences project
their schematic or inferential structures to guide mental pro-
cesses [8, 9]. Indeed, drawing on an embodied cognition per-
spective, metaphor comprehension is considered to rely on
sensorimotor simulation [10–12]. Wilson and Gibbs [13]
highlight how real and imagined body movements prime
metaphor comprehension, emphasizing the role of embod-
ied metaphors in structuring abstract domains. This sup-
ports the notion that metaphors, by invoking bodily
experiences, significantly influence cognition and emotions
[13, 14]. On this note, Lakoff and Johnson [1] argue that
conceptual and perceptual processes share many of the same
physiological and neurophysiological subprocesses: Within
an embodied mind, the same neural system engaged in per-

ception (lower level activities) plays a central role in concep-
tualization (higher level cognitive abilities). Research
suggests that both weak and strong forms of embodiment
may significantly have an impact. Indeed, the weak embodi-
ment perspective acknowledges the role of sensorimotor
experiences in shaping cognition while also suggesting that
cognitive processes can also operate independently [15].
Conversely, the strong versions of embodied cognition,
where the sensorimotor experiences and cognitive processes
are conceived as more directly linked, may have a more
impactful explanatory power but encounter many theoreti-
cal and practical challenges [16]. Therefore, the strength of
embodiment is an important aspect to take into consider-
ation when exploring how individuals engage with abstract
concepts.

Building on these insights into embodied cognition and
metaphor comprehension, the role of advanced technolo-
gies, particularly extended reality (XR), becomes increas-
ingly significant in exploring and understanding the link
between these phenomena. XR technologies facilitate more
immersive and interactive experiences by combining physi-
cal and digital environments, such as virtual reality (VR)
and augmented reality (AR). Specifically, VR refers to fully
immersive digital environments that engage users through
the use of headsets and controllers, while AR integrates dig-
ital elements with the physical world by adding digital layers
to the real-world environment. Indeed, embodied technolo-
gies, such as VR, can help understand how the brain oper-
ates: Through the creation of an embodied simulation of
the body in the world, actions, concepts, and emotions are
represented and predicted [17, 18]. Therefore, similarly to
the brain, XR maintains a model of the body and the space
around it in order to predict the consequences of one's
actions, thoughts, and emotions [19, 20]. Thanks to the
embodied properties of these media, individuals can be
immersed in simulated environments, where physical
actions and perceptions can be closely aligned with virtual
experiences. This allows researchers to manipulate and
examine the intricate dynamics of metaphorical thinking in
real time [14]. Moreover, XR's capacity to simulate different
scenarios and its ability to strongly induce emotional reac-
tions in the users can help dissect the mechanisms through
which bodily sensations and actions shape cognitive and
emotional processes, offering a deeper understanding of
the embodied nature of metaphorical thought [10, 21]. Thus,
embodied technologies are described both as a methodolog-
ical toolkit and a way to deepen the theoretical understand-
ing of metaphors as fundamental elements of human
cognition.

1.1. Rationale and Objectives. Grounded in the CMT, this
scoping review embarks on a systematic exploration of
how embodied and enacted metaphors, facilitated by tech-
nology, shape cognitive and emotional abilities. Specifically,
embodied metaphors refer to metaphors grounded in the
bodily experiences and sensorimotor systems to understand
abstract concepts, such as “grasping an idea.” Enacted meta-
phors, instead, involve physically performing actions that
represent these concepts, like breaking through virtual walls
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to symbolize overcoming obstacles. Emphasizing the body's
integral role, as posited by embodied metaphorical cognition
[2], we delve into how technological modalities serve as con-
duits for metaphorical engagement, enhancing cognitive
abilities such as memory, problem solving, and creative
thinking, as well as emotional regulation and arousal.

This scoping review will provide a comprehensive over-
view of the diverse ways in which embodied and enacted
metaphors, using various technological modalities that foster
a sense of immersion, presence, and agency in VR, affect
cognition and emotions. Specifically, immersion refers to
the VR system's ability to deliver a vivid and surrounding
virtual environment [22], presence is the subjective experi-
ence of being in one place even when physically situated in
another [23], and agency addresses the user's capacity to
act within the virtual environment and see the effects of their
actions [24].

The following research question determined the aim of
the review:

How does the embodiment and enacting of metaphors
through technology-mediated experiences impact cognition
and emotions?

Specifically, the paper seeks to investigate how the use of
various technological tools such as VR, desktop interfaces,
and videogames impacts the fruition of metaphors and influ-
ences cognitive (e.g., memory, problem solving, decision-
making, attentional focus, creative thinking, linguistic abili-
ties, and mental imagery) and affective abilities (e.g., emo-
tional regulation, mood states, and emotional expression).
Moreover, it aims to explore these effects across diverse
demographic groups, including both clinical and healthy
populations, spanning various age ranges.

Therefore, the specific research questions are as follows:

i. Which metaphors are implemented through techno-
logical media to investigate the impact on cognitive
and emotional areas?

ii. How do the embodiment and enactment of meta-
phors influence cognitive processes?

iii. How do the embodiment and enactment of meta-
phors influence emotional experiences and
expressions?

As the literature suggests [9, 25–27], the main hypothesis
is that the embodiment and enactment of metaphors
through technology-mediated experiences have significant
implications for cognition and emotions. Considering the
immersive nature of new technologies, it is anticipated that
such embodiment and enactment of metaphors may
enhance individuals' sense of agency and engagement,
amplifying their impact on cognition and emotions.

2. Methods

2.1. Protocol and Registration. To the best of our knowledge,
there have been no other attempts at using a scoping review
approach to investigate the relationship between embodied
and enacted metaphors on cognition and emotion. Thus,

the present scoping review is aimed at collecting and consol-
idating existing knowledge on the topic as well as exploring
the implications and significance of the findings from earlier
studies. Specifically, this framework allows the synthesis of
the literature and facilitates the exploration, mapping, and
understanding of the current available literature [28]. The
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews (PRISMA-
ScR; [29]) was used as the reporting guideline for the final
review outcomes. The protocol of the present scoping review
has been registered in the Open Science Framework (osf.io/
r84ym; [30]).

2.2. Search Strategy. Data were gathered on October 21,
2024, through a computerized search across four prominent
databases: PubMed, Scopus, Web of Science, and PsycINFO.
Each database was searched independently using a specific
search string comprising various terms and truncations to
specify the population and outcomes of interest (see support-
ing information (available here)). The following string was
used to filter titles, abstracts, and keywords of the articles:

metaphor∗ AND cognit∗ OR memory OR language∗
OR linguistic OR reason∗ OR learn∗ OR attenti∗ OR exec-
utive function∗ OR emotion∗ AND technolog∗ OR immer-
sive reality OR extended reality OR virtual reality OR
augmented reality OR mixed reality OR desktop OR
videogam∗.

Supplementary search methods, including the ascen-
dancy and descendancy approaches, were employed to
broaden the relevant articles pool by considering articles that
were referenced or that cited the key studies identified dur-
ing the initial search. Additionally, preprint articles relevant
to the review were searched on PsyArXiv.

Results from each database search were imported into
Rayyan [31] to detect duplicates.

2.3. Study Selection. A total of 3170 studies was initially
retrieved from the searches on PubMed, PsycINFO, Web
of Science, and Scopus databases. Following the removal of
duplicates, 2749 articles remained, which underwent screen-
ing for relevance based on titles, abstracts, and keywords.
Subsequently, the full-text versions of the remaining 36 arti-
cles were reviewed, resulting in the inclusion of 19 articles in
the present review. Specifically, two authors (G.M. and
S.F.M.P.) independently screened first the titles and abstracts
and then the full texts against the eligibility criteria and, if
necessary, resolved conflicts through discussion with a third
author.

In particular, studies meeting the following criteria were
included:

1. Written in English.

2. Containing experimental data; hence, publications of
other types such as meta-analyses, systematic reviews,
editorials, reviews, and perspectives were excluded.

3. Conducted on human subjects; consequently, studies
that did not include human participants were not
included.

3Human Behavior and Emerging Technologies
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4. Assessed specific outcomes pertaining to cognition or
emotion using a quantitative approach, thereby
excluding studies employing qualitative data.

5. Included the concept of metaphor that aligns with the
CMT framework.

Articles were excluded if they failed to meet the inclusion
criteria. Specifically, the most common reasons for exclusion
included being of other publication types (e.g., editorials,
reviews, and book chapters), lacking quantitative outcomes
related to cognitive and affective processes, and not assessing
metaphors as defined in this review. Further details of the
study selection process are provided in the PRISMA flow-
chart (Figure 1).

2.4. Data Extraction. A narrative report was produced to
synthesize the extracted data concerning several key out-
comes: study characteristics, features of the technology
employed, intervention objectives, associated outcome mea-
sures, and characteristics of the metaphor employed. These
findings are described in connection with the research sub-
questions and within the broader context of the study's
purpose.

The relevant articles span a range of publication years
from 2012 to 2024. For each study deemed eligible for inclu-
sion, a predetermined set of elements was extracted, that is:
(a) metadata (i.e., authors and publication year), (b) sample
characteristics, (c) cognitive or emotional processes under
investigation, (d) type of technology used (e.g., immersive
VR and desktop), (e) type of metaphor employed (e.g.,
embodied or enacted), and (f) primary outcomes. A sum-
mary of the extracted data for each article included is pre-
sented in Table 1. The extracted data was then
subsequently employed to address the research questions
by synthesizing findings across included sources.

3. Results

3.1. Study Characteristics. Overall, 19 studies met the inclu-
sion criteria and were included in the present review.
Table 1 presents a synthesis of the data extracted from each
paper included in the review.

Concerning the sample populations, 11 studies [32–42]
included adult participants (n = 453, aged between 19 and
32 years), 4 papers [43–46] reported studies conducted
among underage populations (n = 531, aged between 12
and 15 circa), and 4 papers [26, 47–49] did not report the
age of the sample (n = 276). Notably, all the studies included
in the review involved healthy participants, apart from one
that included children with autism spectrum disorder
(ASD) [43].

Most studies [26, 33, 36–44, 48] used immersive VR
through head-mounted displays. However, nonimmersive
VR devices such as desktop screens [32, 34, 45, 46, 49] and
tablets [47] were also employed. Finally, one study used
AR glasses [35].

All the studies assessed the impact of embodying meta-
phors in technology-mediated experiences from a cognitive
and behavioral perspective. Specifically, six articles measured

behavioral variables such as the accuracy and reaction time
of the responses [33, 35, 39, 40, 47, 48]. Eleven studies used
self-report questionnaires [32, 36–38, 41, 43, 44, 46–49].
Finally, only one study [41] included neuroimaging mea-
surements, specifically the use of fNIRS to investigate the
activation and inhibition of different brain areas during the
activity of virtually embodying the metaphor “breaking the
walls,” symbolizing breaking the rules.

3.2. Synthesis of Results. To systematize the data obtained
from the included studies, first the type of metaphors
employed is described, and then the results are grouped
together according to the target outcomes (perception, cog-
nition, and emotion).

Among the included articles, three studies investigated
creative cognition [26, 41, 42], five studies focused on learn-
ing [44–47, 49], six studies investigated perception, specifi-
cally concerning color [35], numbers [34], time [33, 48],
and peripersonal and interpersonal space [39, 40], and one
study focused on perspective-taking and empathy [43], while
the remaining four studies investigated emotions [32,
36–38].

The synthesis of findings from the included studies pro-
vides a comprehensive overview of how embodied and
enacted metaphors significantly impact cognition and emo-
tions through technology-mediated experiences; therefore,
it addresses the core research questions of this review.
Across a variety of technological modalities (i.e., immersive
VR, AR, and desktop interfaces), the studies collectively
demonstrate that the embodiment and enactment of meta-
phors can influence cognitive processes such as memory
performance, problem solving, creative thinking, and affec-
tive abilities such as emotional regulation.

Concerning the metaphors used in the included studies,
the commonalities among them lie in their capacity to lever-
age technology-mediated environments to embody and
enact abstract concepts, thereby making them accessible
and experientially real to participants.

For instance, Löffler [35] proposes the embodiment of
the metaphors that view concepts such as difficulty, impor-
tance, guilt, and sadness as visually heavy and saturated,
while activity, happiness, and intimacy are warm and bright.
Therefore, the study consisted of asking participants to asso-
ciate different concepts with colored spheres, whose inten-
sity, saturation, and hue changed. Similarly, Ruggiero and
colleagues [40] used the metaphor of closeness as warmth
and distance as cold to study peripersonal and interpersonal
space. To enact the metaphorical experience, participants
were asked to hold a cup of water with different tempera-
tures (hot, cold, and room temperature) and carry out a task
determining reachability (peripersonal) and comfort (inter-
personal) distances from virtual people. Qin and colleagues
[39] introduced the metaphor “a safety boundary is a brea-
ched wall” to study how visual cues influenced participants'
perception and intruder detection in virtual environments,
showing the metaphor's effectiveness in focusing attention
and enhancing response efficiency. Kopiske and Franz [34]
investigated the embodied perception of numerical concepts
through the metaphor according to which numbers appear

4 Human Behavior and Emerging Technologies
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in a linear manner, comparing symbolic and nonsymbolic
number lines as viewed on a desktop screen. Their findings
showed that symbolic magnitudes were consistently per-
ceived as linear and accurate, while nonsymbolic magnitudes
were often underestimated, suggesting the relevance of fram-
ing magnitudes as linear. Two studies [33, 48] explored the
embodiment of the metaphor of time, where the future is
ahead and the past is behind. The former focused on the
influence of the movement experience on space–time map-
ping on the lateral and sagittal axes, therefore immersing
participants in a virtual environment moving forwards or
backwards and investigated the psychological distance per-
ceived from past and future events [48]. The latter investi-
gated the temporal Doppler effect, which suggests that, just
as they move through space, individuals also move through
time, both on a lateral and sagittal axis, and this affects their
perception of past and future events. Specifically, it proposes
that future events feel psychologically closer to us than past
events [33].

Two studies by Wang and colleagues [41, 42] examined
the metaphor of breaking the walls to symbolize thinking
freely, with both embodied and enacted experiences in
which participants walked in a virtual corridor and encoun-
tered a brick wall. To keep walking, they had to destroy it
either with a movement of their hand or by getting close to
it. Similarly, Sidekerskienė and Damaševičius [49] explored
breaking down barriers in STEM (i.e., science, technology,
engineering, and mathematics) education, embodying the
metaphor by developing a digital escape room where groups
of students were asked to solve complex problems in the
STEM subjects in order to win. The improvements in stu-
dents' understanding and motivation following the experi-
ence show the potential of the embodied metaphor for
enhancing learning. Leung and colleagues [26] used the
enacted metaphor of thinking outside the box to enhance
creative problem solving by asking participants to walk
freely in a virtual environment as opposed to following a
standard path. Two studies [45, 47] used the metaphor of

Identification of studies via databases and registers

Records identified from:
PubMed, n = 165

PsycINFO, n = 1,183
Web of Science, n = 1,765

Scopus, n = 57

Records screened for abstract,
title, and keywords, n = 2,749

Reports sought for retrieval, n = 36 Reports not retrieved, n = 0

Reports excluded, n = 17Full-text articles assessed for
eligibility, n = 36

Studies included in review, n = 19

Reports excluded, n = 2,713
No English, n = 110

No experimental papers, n = 1987
No human studies, n = 30

No quantitative outcome, n= 389
No metaphor, n = 197

Records removed before
screening:

Duplicate records
removed, n = 421
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Figure 1: PRISMA flow diagram of study selection.

5Human Behavior and Emerging Technologies

 hbet, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/hbe2/6032891 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [15/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
LE

1:
R
el
ev
an
t
da
ta

ex
tr
ac
te
d
fr
om

ea
ch

in
cl
ud

ed
st
ud

y.

Y
ea
r

A
u
th
or
s

Sa
m
pl
e
(c
ou

n
tr
y)

P
ro
ce
ss
es

in
ve
st
ig
at
ed

T
ec
hn

ol
og

y
u
se
d

T
yp
e
of

m
et
ap
ho

r
A
im

s
of

th
e
st
u
dy

D
at
a
re
su
lt
s

P
ri
m
ar
y
ou

tc
om

es

20
15

Lö
ffl
er
,P

ai
er
,

T
or
iiz
uk

a,
Ik
ed
a,

H
ur
ti
en
ne

14
(M

ag
e
=
22

7,
SD

=
08

;7
m
al
es
)
(J
ap
an
)

P
er
ce
pt
io
n

A
R

E
m
bo
di
ed
;

di
ffi
cu
lty

,
im

po
rt
an
ce
,

gu
ilt
,a
nd

sa
dn

es
s
ar
e

he
av
y
an
d

sa
tu
ra
te
d;

ac
ti
vi
ty
,

ha
pp

in
es
s,
an
d

in
ti
m
ac
y
ar
e

w
ar
m

an
d

br
ig
ht

T
es
ti
ng

of
th
e

em
bo
di
ed

co
gn
it
io
n

vi
ew

on
co
lo
r
an
d
it
s

in
fl
ue
nc
e
on

co
gn
it
iv
e

pr
oc
es
si
ng

of
ab
st
ra
ct

in
fo
rm

at
io
n

m
et
ap
ho

ri
ca
lly

lin
ke
d

to
ta
ct
ile

pr
op

er
ti
es
.I
t

is
hy
po

th
es
iz
ed

th
at

sp
ec
ifi
c
co
lo
r

ch
ar
ac
te
ri
st
ic
s
re
la
te
d

to
ta
ct
ile

pr
op

er
ti
es

w
ill

tr
ig
ge
r
ch
oi
ce
s

co
ns
is
te
nt

w
it
h

m
et
ap
ho

ri
ca
lly

re
la
te
d

ab
st
ra
ct

co
nc
ep
ts

M
=
0
67
,S
D
=
0
26

A
cr
os
s
al
l2

3
co
lo
r-
to
-

ab
st
ra
ct

co
nc
ep
t

m
ap
pi
ng
s,
at
le
as
t
83
%

of
th
e
pa
rt
ic
ip
an
ts
'

ch
oi
ce
s
w
er
e

co
ns
is
te
nt

w
it
h
th
e

co
nc
ep
tu
al
m
et
ap
ho

r.
T
he
re

w
as

no
di
ff
er
en
ce

be
tw
ee
n
th
e

di
ff
er
en
t
hu

es
te
st
ed

ac
ro
ss

th
e
w
ei
gh
t
an
d

si
ze

co
nd

it
io
n

20
18

K
op

is
ke
,F

ra
nz

St
ud

y
1:

6
(M

ag
e
=
32

2;
4

fe
m
al
es
)

St
ud

y
2:

8
(M

ag
e
=
22

9;
6

fe
m
al
es
)

St
ud

y
3:

8
(M

ag
e
=
23

9;
6

fe
m
al
es
)

St
ud

y
4:

6
(M

ag
e
=
25

7;
4

fe
m
al
es
)

St
ud

y
5:
36

(M
ag
e
=
24
;2

4
fe
m
al
es
)
(G

er
m
an
y)

P
er
ce
pt
io
n

D
es
kt
op

E
m
bo
di
ed
;

nu
m
be
rs

ar
e

pe
rc
ei
ve
d
as

a
lin

e
an
d
no

t
a

m
ag
ni
tu
de

In
ve
st
ig
at
io
n
of

th
e

m
ap
pi
ng

fr
om

st
im

ul
us

to
in
te
rn
al

m
ag
ni
tu
de

re
pr
es
en
ta
ti
on

an
d

fr
om

in
te
rn
al

re
pr
es
en
ta
ti
on

to
re
sp
on

se
.T

he
st
ud

y
se
ek
s
to

un
de
rs
ta
nd

th
e
ro
bu

st
ne
ss

of
th
e

no
nl
in
ea
r
sh
ap
e
to

ca
lib

ra
ti
on

an
d
th
e

in
fl
ue
nc
e
of

bo
th

st
im

ul
i
an
d
ou

tp
ut

m
ea
su
re
s
on

th
is

sh
ap
e

St
ud

y
2,
sy
m
bo
lic
:R

2
=
0
99
;

no
ns
ym

bo
lic
:R

2
=
0
91

St
ud

y
3,
sy
m
:R

2
=
0
99
;

no
ns
ym

:R
2
=
0
77

St
ud

y
4,
sy
m
:R

2
=
0
99
;

no
ns
ym

:R
2
=
0
50

A
cr
os
s
fi
ve

ex
pe
ri
m
en
ts
,

re
sp
on

se
s
to

sy
m
bo
lic

m
ag
ni
tu
de
s
w
er
e

co
ns
is
te
nt
ly

lin
ea
r
an
d

ac
cu
ra
te
,w

he
re
as

re
sp
on

se
s
to

no
ns
ym

bo
lic

m
ag
ni
tu
de
s
sh
ow

ed
un

de
re
st
im

at
io
n
fo
r

la
rg
er

nu
m
be
rs

an
d

va
ri
ab
ili
ty

in
ac
cu
ra
cy
,

pa
rt
ic
ul
ar
ly

w
he
n

ta
sk
s
be
ca
m
e
m
or
e

co
m
pl
ex
.E

xp
er
im

en
t

5
re
ve
al
ed

ta
sk
-s
pe
ci
fi
c

fe
ed
ba
ck

im
pr
ov
ed

th
e

ac
cu
ra
cy

of
ru
le
r-

ba
se
d
ta
sk
s,
w
it
ho

ut
aff
ec
ti
ng

ty
pe
d

re
sp
on

se
s,
in
di
ca
ti
ng

ca
lib

ra
ti
on

eff
ec
ts
w
er
e

ta
sk
-s
pe
ci
fi
c
an
d
di
d

no
t
ge
ne
ra
liz
e
ac
ro
ss

di
ff
er
en
t
re
sp
on

se
m
od

al
it
ie
s

6 Human Behavior and Emerging Technologies

 hbet, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/hbe2/6032891 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [15/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
LE

1:
C
on

ti
nu

ed
.

Y
ea
r

A
u
th
or
s

Sa
m
pl
e
(c
ou

n
tr
y)

P
ro
ce
ss
es

in
ve
st
ig
at
ed

T
ec
hn

ol
og

y
u
se
d

T
yp
e
of

m
et
ap
ho

r
A
im

s
of

th
e
st
u
dy

D
at
a
re
su
lt
s

P
ri
m
ar
y
ou

tc
om

es

20
23

Ji
an
g,
H
ao
,

H
ua
ng
,C

he
n,

C
he
ng
,F

an
,

D
in
g

St
ud

y
1:

44
(M

ag
e
=
20

07
;3
6

fe
m
al
es
)

St
ud

y
2:

44
(M

ag
e
=
19

84
;2
9

fe
m
al
es
)
(C
hi
na
)

P
er
ce
pt
io
n

V
R
+
H
M
D

E
m
bo
di
ed
;t
he

fu
tu
re

is
ah
ea
d;

th
e
pa
st
is

be
hi
nd

In
ve
st
ig
at
io
n
of

ho
w

m
ov
em

en
t
ex
pe
ri
en
ce

in
fl
ue
nc
ed

th
e
sp
ac
e–

ti
m
e
m
ap
pi
ng

on
th
e

la
te
ra
la
nd

sa
gi
tt
al
ax
es

us
in
g
V
R

St
ud

y
1:
ri
gh
tw
ar
d

M
co
ng
=
98

48
,S
D
=
1
13

M
in
c
=
97

5,
SD

=
2
68

le
ft
w
ar
d

M
co
ng
=
96

7,
SD

=
3
6

M
in
c
=
97

5,
SD

=
2
68

St
ud

y
2:

M
co
ng
=
97

95
,S
D
=
1
65

M
in
c
=
97

08
,S
D
=
2
99

E
xp
er
im

en
t
1
fo
un

d
a

si
gn
ifi
ca
nt

sp
ac
e–
ti
m
e

co
ng
ru
en
cy

eff
ec
t
in

ri
gh
tw
ar
d
m
ov
em

en
ts

w
it
h
fa
st
er

re
sp
on

se
ti
m
es

(R
T
s)

an
d

m
ar
gi
na
lly

hi
gh
er

ac
cu
ra
cy

in
co
ng
ru
en
t

co
nd

it
io
ns
,w

hi
ch

w
as

no
t
ob
se
rv
ed

in
le
ft
w
ar
d
m
ov
em

en
ts
,

su
gg
es
ti
ng

la
te
ra
l

m
ov
em

en
t
di
re
ct
io
n

in
fl
ue
nc
es

sp
ac
e–
ti
m
e

m
ap
pi
ng
.E

xp
er
im

en
t

2
re
ve
al
ed

a
co
ns
is
te
nt

sp
ac
e–
ti
m
e

co
ng
ru
en
cy

eff
ec
t
on

th
e
sa
gi
tt
al
ax
is
,

un
aff
ec
te
d
by

m
ov
em

en
t
di
re
ct
io
n,

co
nt
ra
st
in
g
w
it
h

la
te
ra
l
ax
is
fi
nd

in
gs

an
d
in
di
ca
ti
ng

th
at

in
co
ng
ru
en
t

se
ns
or
im

ot
or

ex
pe
ri
en
ce
s
im

pa
ct

sp
at
ia
l
ti
m
e
m
ap
pi
ng

di
ff
er
en
tl
y
ac
ro
ss

di
m
en
si
on

s

20
19

R
ug
gi
er
o,

R
ap
ua
no

,
Ia
ch
in
i

34
(M

ag
e
=
23

78
,S
D
=
38

;1
7

fe
m
al
es
)
(I
ta
ly
)

P
er
ce
pt
io
n

V
R
+
H
M
D

E
na
ct
ed
;

cl
os
en
es
s
is

w
ar
m
;d

is
ta
nc
e

is
co
ld

In
ve
st
ig
at
io
n
of

th
e

in
fl
ue
nc
e
of

pe
rc
ei
ve
d

te
m
pe
ra
tu
re

on
pe
ri
pe
rs
on

al
an
d

in
te
rp
er
so
na
l
sp
ac
es
,

hy
po

th
es
iz
in
g
a

re
la
ti
on

be
tw
ee
n

ph
ys
ic
al
ex
pe
ri
en
ce

an
d
so
ci
al
in
te
ra
ct
io
ns

R
ea
ch
ab
ili
ty
:

M
co
ld
=
57

7,
SD

=
37

9
M

wa
rm

=
53

3,
SD

=
41

4
M

ro
om

tem
p
=
39

2,
SD

=
22

9
C
om

fo
rt
:

M
co
ld
=
64

7,
SD

=
45

5
M

wa
rm

=
52

3,
SD

=
42

2
M

ro
om

tem
p
=
43

6,
SD

=
28

3
G
en
de
r
eff
ec
t:

M
m
ale

=
53

9,
SD

=
43

1
M

fem
ale

=
49

9,
SD

=
38

1

T
em

pe
ra
tu
re
s

in
fl
ue
nc
ed

pe
ri
pe
rs
on

al
an
d

in
te
rp
er
so
na
l

di
st
an
ce
s
di
ff
er
en
tl
y
by

ge
nd

er
,w

it
h
co
ld

in
cr
ea
si
ng

re
ac
ha
bi
lit
y

an
d
co
m
fo
rt
di
st
an
ce
s

m
or
e
th
an

w
ar
m

te
m
pe
ra
tu
re
s.
G
en
de
r

of
pa
rt
ic
ip
an
ts
an
d

vi
rt
ua
l
co
nf
ed
er
at
es

7Human Behavior and Emerging Technologies

 hbet, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/hbe2/6032891 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [15/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
LE

1:
C
on

ti
nu

ed
.

Y
ea
r

A
u
th
or
s

Sa
m
pl
e
(c
ou

n
tr
y)

P
ro
ce
ss
es

in
ve
st
ig
at
ed

T
ec
hn

ol
og

y
u
se
d

T
yp
e
of

m
et
ap
ho

r
A
im

s
of

th
e
st
u
dy

D
at
a
re
su
lt
s

P
ri
m
ar
y
ou

tc
om

es

al
so

aff
ec
te
d
pr
ef
er
re
d

di
st
an
ce
s,
ill
us
tr
at
in
g

te
m
pe
ra
tu
re
's
co
m
pl
ex

im
pa
ct

on
pe
rs
on

al
sp
ac
e
re
gu
la
ti
on

20
13

C
ar
us
o,

V
an

B
ov
en
,C

hi
n,

W
ar
d

St
ud

y
3:
80

(U
SA

)
P
er
ce
pt
io
n

V
R
+
H
M
D

E
m
bo
di
ed
;t
he

fu
tu
re

is
ah
ea
d;

th
e
pa
st
is

be
hi
nd

In
ve
st
ig
at
io
n
of

th
e

te
m
po

ra
lD

op
pl
er

eff
ec
t,
hy
po

th
es
iz
in
g

th
e
ex
is
te
nc
e
of

an
an
al
og
y
be
tw
ee
n

m
ov
em

en
t
th
ro
ug
h

ti
m
e
an
d
sp
ac
e.

E
xp
lo
ra
ti
on

of
th
e

in
fl
ue
nc
e
of

sp
at
ia
l

em
bo
di
m
en
t
on

te
m
po

ra
l

ps
yc
ho

lo
gi
ca
ld

is
ta
nc
e

P
as
t:

M
fo
rw

ar
d
=
6
06
,S
D
=
1
68

M
ba
ck
wa

rd
=
4
96
,S
D
=
2
14

Fu
tu
re
:

M
fo
rw

ar
d
=
4
78
,S
D
=
1
83

M
ba
ck
wa

rd
=
5
41
,S
D
=
1
46

Sp
at
ia
lm

ov
em

en
t

in
fl
ue
nc
ed

ps
yc
ho

lo
gi
ca
ld

is
ta
nc
e

to
th
e
pa
st
an
d
fu
tu
re
,

w
it
h
fo
rw

ar
d

m
ov
em

en
t
m
ak
in
g
th
e

fu
tu
re

se
em

cl
os
er
.

T
hi
s
“t
em

po
ra
l

D
op

pl
er

eff
ec
t”

su
gg
es
ts
sp
at
ia
l

m
et
ap
ho

rs
im

pa
ct

te
m
po

ra
l
pe
rc
ep
ti
on

,
al
te
ri
ng

pe
rc
ei
ve
d

di
st
an
ce
s
to

pa
st
an
d

fu
tu
re

ev
en
ts
ba
se
d
on

m
ov
em

en
t
di
re
ct
io
n

20
24

Q
in
,Q

in
,S
u,

T
ia
n

30
(M

ag
e
=
21

5;
26

m
al
es
)
(n
ot

av
ai
la
bl
e)

P
er
ce
pt
io
n

V
R
+
H
M
D

E
m
bo
di
ed
;a

sa
fe
ty

bo
un

da
ry

is
a
br
ea
ch
ed

w
al
l

In
ve
st
ig
at
io
n
of

ho
w

th
e
B
ro
ke
nW

al
l

aw
ar
en
es
s
cu
e
im

pa
ct
s

th
e
sp
ee
d
an
d

effi
ci
en
cy

of
in
tr
ud

er
de
te
ct
io
n
in

V
R

co
m
pa
re
d
to

ex
is
ti
ng

cu
es

A
ve
ra
ge

ti
m
e—

hu
m
an

de
te
ct
io
n

M
Br
ok
en
W
all
=
1
97
,S
D
=
0
6

M
H
alo

=
2
37
,S
D
=
0
6

M
Ra

da
r=

2
66
,S
D
=
0
7

A
ve
ra
ge

ti
m
e—

pe
t
de
te
ct
io
n

M
Br
ok
en
W
all
=
1
88
,S
D
=
0
5

M
H
alo

=
2
13
,S
D
=
0
5

M
Ra

da
r=

2
63
,S
D
=
0
8

T
he

B
ro
ke
nW

al
l
cu
e

si
gn
ifi
ca
nt
ly

re
du

ce
d

de
te
ct
io
n
ti
m
e

co
m
pa
re
d
to

ot
he
r

ex
is
ti
ng

cu
es
,

en
ha
nc
in
g
us
er

re
sp
on

se
effi

ci
en
cy

20
18

W
an
g,
Lu

,
R
un

co
,H

ao
41

(M
ag
e
=
21
,S
D
=
1
98
;3
8

fe
m
al
es
)
(n
ot

av
ai
la
bl
e)

C
re
at
iv
it
y

V
R
+
H
M
D

E
na
ct
ed
;

br
ea
ki
ng

th
e

w
al
ls
as

th
in
ki
ng

fr
ee
ly

In
ve
st
ig
at
io
n
of

th
e

im
pa
ct

of
em

bo
dy
in
g

th
e
m
et
ap
ho

r
“b
re
ak
in
g
th
e
ru
le
s”

th
ro
ug
h
th
e

ex
pe
ri
en
ce

of
“b
re
ak
in
g
th
e
w
al
ls
”
in

a
V
R
co
nt
ex
t
on

cr
ea
ti
ve

pe
rf
or
m
an
ce
.

It
is
hy
po

th
es
iz
ed

th
at

pa
rt
ic
ip
an
ts
in

th
e

“b
re
ak
”
co
nd

it
io
n

R
2
=
0
76

B
re
ak
in
g
th
e
w
al
ls

si
gn
ifi
ca
nt
ly

en
ha
nc
es

cr
ea
ti
ve

or
ig
in
al
it
y,

w
it
ho

ut
be
in
g
aff
ec
te
d

by
th
e
m
od

e
of

re
po

rt
in
g.
C
re
at
iv
e

pe
rf
or
m
an
ce

im
pr
ov
es

un
de
r
th
e
br
ea
k

co
nd

it
io
n,

ev
id
en
ce
d

by
lo
ng
er

re
po

rt
in
g

du
ra
ti
on

s
an
d
a

co
rr
el
at
io
n
be
tw
ee
n

8 Human Behavior and Emerging Technologies

 hbet, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/hbe2/6032891 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [15/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
LE

1:
C
on

ti
nu

ed
.

Y
ea
r

A
u
th
or
s

Sa
m
pl
e
(c
ou

n
tr
y)

P
ro
ce
ss
es

in
ve
st
ig
at
ed

T
ec
hn

ol
og

y
u
se
d

T
yp
e
of

m
et
ap
ho

r
A
im

s
of

th
e
st
u
dy

D
at
a
re
su
lt
s

P
ri
m
ar
y
ou

tc
om

es

w
ou

ld
ex
hi
bi
t
be
tt
er

cr
ea
ti
ve

pe
rf
or
m
an
ce

or
ig
in
al
it
y
an
d
bo
th

fl
ex
ib
ili
ty

an
d

pe
rs
is
te
nc
e.
H
ow

ev
er
,

th
e
im

pa
ct

of
th
e

br
ea
k
co
nd

it
io
n
on

or
ig
in
al
it
y
be
co
m
es

no
ns
ig
ni
fi
ca
nt

w
he
n

co
ns
id
er
in
g
fl
ex
ib
ili
ty

an
d
pe
rs
is
te
nc
e
as

m
ed
ia
to
rs
,i
nd

ic
at
in
g

th
ei
r
fu
ll
m
ed
ia
ti
on

ro
le
in

en
ha
nc
in
g

cr
ea
ti
ve

ou
tc
om

es

20
12

Le
un

g,
K
im

,
P
ol
m
an
,O

ng
,

Q
iu
,G

on
ca
lo
,

Sa
nc
he
z-
B
ur
ks

73
(3
8
m
al
es
)
(n
ot

av
ai
la
bl
e)

C
re
at
iv
it
y

V
R
+
H
M
D

E
na
ct
ed
;

th
in
ki
ng

ou
ts
id
e

th
e
bo
x
as

th
in
ki
ng

fr
ee
ly

In
ve
st
ig
at
io
n
of

th
e

eff
ec
ts
of

em
bo
dy
in
g

m
et
ap
ho

rs
fo
r

cr
ea
ti
vi
ty

on
cr
ea
ti
ve

pr
ob
le
m

so
lv
in
g
an
d

of
th
e
co
nn

ec
ti
on

be
tw
ee
n
co
nc
re
te

bo
di
ly
ex
pe
ri
en
ce
s
an
d

cr
ea
ti
ve

co
gn
it
io
n.

It
is

hy
po

th
es
iz
ed

th
at

co
gn
it
iv
e
pr
oc
es
se
s

fa
ci
lit
at
in
g
th
e

ge
ne
ra
ti
on

of
ne
w

id
ea
s
ar
e
ac
ti
va
te
d

M
fre

e−
wa

lk
=
5
71
,S
D
=
2
63

M
fix

ed
−p

ath
=
7
00
,S
D
=
2
78

Fl
ue
nc
y
an
d
fl
ex
ib
ili
ty

di
d
no

t
di
ff
er

be
tw
ee
n

co
nd

it
io
ns
,b

ut
in

th
e

fr
ee

w
al
ki
ng

co
nd

it
io
n,

pa
rt
ic
ip
an
ts
ge
ne
ra
te
d

id
ea
s
th
at

w
er
e
m
or
e

un
co
nv
en
ti
on

al
an
d

m
or
e
or
ig
in
al

20
19

W
an
g,
H
e,
Lu

,
D
en
g,
Q
ia
o,

H
ao

St
ud

y
3:
90

(M
ag
e
=
21

55
,S
D
=
1
98
;6
7

fe
m
al
es
)
(C
hi
na
)

C
re
at
iv
it
y

V
R
+
H
M
D

E
m
bo
di
ed

an
d

en
ac
te
d;

br
ea
ki
ng

th
e

w
al
ls
as

th
in
ki
ng

fr
ee
ly

E
xp
lo
ra
ti
on

of
th
e

ne
ur
al
co
rr
el
at
es

of
th
e

em
bo
di
ed

m
et
ap
ho

r
“b
re
ak
in
g
th
e
ru
le
s”

an
d
it
s
eff
ec
ts
on

cr
ea
ti
vi
ty

us
in
g
fN

IR
S,

w
it
h
sp
ec
ifi
c

hy
po

th
es
es

re
ga
rd
in
g

cr
ea
ti
ve

pe
rf
or
m
an
ce

an
d
br
ai
n
ac
ti
va
ti
on

in
di
ff
er
en
t
co
nd

it
io
ns

N
ov
el
ty

-
B
re
ak

w
al
l:
R
2
=
0
94
7

-
A
ut
ow

al
l:
R
2
=
0
62
8

-
N
o
w
al
l:
R
2
=
0
60
7

N
um

er
os
it
y

-
B
re
ak

w
al
l:
R
2
=
0
88
3

-
A
ut
ow

al
l:
R
2
=
0
65
4

-
N
o
w
al
l:
R
2
=
0
72
6

B
re
ak
in
g
w
al
ls
le
d
to

hi
gh
er

or
ig
in
al
it
y,

fl
ue
nc
y,
an
d
fl
ex
ib
ili
ty

in
cr
ea
ti
ve

ta
sk
s
th
an

au
to
w
al
l
an
d
no

-w
al
l

co
nd

it
io
ns
,w

it
h

or
ig
in
al
it
y
in
cr
ea
si
ng

an
d
fl
ue
nc
y
de
cr
ea
si
ng

ov
er

ti
m
e.
Fr
on

to
po

la
r

ar
ea
s
sh
ow

ed
le
ss

ac
ti
va
ti
on

in
th
e

br
ea
k-
w
al
l
co
nd

it
io
n,

in
di
ca
ti
ng

le
ss
eff
or
to

r
en
ga
ge
m
en
t
w
as

re
qu

ir
ed
.T

as
k-
sp
ec
ifi
c

9Human Behavior and Emerging Technologies

 hbet, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/hbe2/6032891 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [15/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
LE

1:
C
on

ti
nu

ed
.

Y
ea
r

A
u
th
or
s

Sa
m
pl
e
(c
ou

n
tr
y)

P
ro
ce
ss
es

in
ve
st
ig
at
ed

T
ec
hn

ol
og

y
u
se
d

T
yp
e
of

m
et
ap
ho

r
A
im

s
of

th
e
st
u
dy

D
at
a
re
su
lt
s

P
ri
m
ar
y
ou

tc
om

es

fe
ed
ba
ck

si
gn
ifi
ca
nt
ly

im
pr
ov
ed

cr
ea
ti
ve

pe
rf
or
m
an
ce

in
th
e

br
ea
k-
w
al
l
co
nd

it
io
n,

de
m
on

st
ra
ti
ng

th
e

po
si
ti
ve

eff
ec
ts
of

ac
ti
ve

en
ga
ge
m
en
t
an
d

fe
ed
ba
ck

on
cr
ea
ti
vi
ty

20
19

A
ly
am

i,
A
la
w
am

i,
Ly
nd

on
,

A
ly
am

i,
C
oo
m
ar
as
am

y,
H
en
ni
ng
,H

ill
,

Su
nd

ra
m

45
(3
4
fe
m
al
es
)
(N

ew
Z
ea
la
nd

)
Le
ar
ni
ng

iP
ad
s

E
na
ct
ed
;

le
ar
ni
ng

is
a

ga
m
e

C
om

pa
ri
so
n
of

th
e

eff
ec
ti
ve
ne
ss

of
a
3D

se
ri
ou

s
ga
m
e
w
it
h
a

te
xt

fi
le
in

te
ac
hi
ng

hi
st
or
y-
ta
ki
ng

co
nt
en
t

of
a
ca
rd
ia
c
sy
st
em

to
m
ed
ic
al
st
ud

en
ts

M
co
nt
ro
l=

14
33
,S
D
=
4
52

M
ga
m
e
=
15

04
,S
D
=
4
28

B
ot
h
gr
ou

ps
sh
ow

ed
si
gn
ifi
ca
nt

w
it
hi
n-

gr
ou

p
di
ff
er
en
ce
s,
ye
t

no
si
gn
ifi
ca
nt

di
ff
er
en
ce
s
w
er
e
fo
un

d
be
tw
ee
n
th
em

in
co
gn
it
iv
e
lo
ad
,l
ev
el
of

di
ffi
cu
lt
y,
or

O
SC

E
pe
rf
or
m
an
ce

po
st
in
te
rv
en
ti
on

.T
he

V
M
G

gr
ou

p
re
po

rt
ed

si
gn
ifi
ca
nt
ly

hi
gh
er

sa
ti
sf
ac
ti
on

le
ve
ls
th
an

th
e
P
D
F
gr
ou

p,
al
ig
ni
ng

w
it
h
lit
er
at
ur
e

on
m
ed
ic
al
ed
uc
at
io
n

SG
s
be
in
g
as

eff
ec
ti
ve

as
tr
ad
it
io
na
lm

et
ho

ds
,

w
it
h
V
M
G

sh
ow

in
g

gr
ea
te
r
sa
ti
sf
ac
ti
on

be
ne
fi
ts

20
23

Si
de
ke
rs
ki
en
ė,

D
am

aš
ev
ič
iu
s

77
(L
it
hu

an
ia
)

Le
ar
ni
ng

D
es
kt
op

E
na
ct
ed
;

br
ea
ki
ng

do
w
n

ba
rr
ie
rs

in
ST

E
M

ed
uc
at
io
n

E
xp
lo
ri
ng

th
e

ap
pl
ic
at
io
n
of

di
gi
ta
l

es
ca
pe

ro
om

s
in

ST
E
M

ed
uc
at
io
n,

ev
al
ua
ti
ng

th
ei
r
im

pa
ct

on
st
ud

en
t
en
ga
ge
m
en
t

an
d
le
ar
ni
ng

ou
tc
om

es

M
1
=
4
20
,S
D
=
0
89

M
2
=
4
61
,S
D
=
0
69

M
3
=
4
52
,S
D
=
0
66

M
4
=
2
05
,S
D
=
0
27

M
5
=
4
66
,S
D
=
0
62

M
6
=
4
72
,S
D
=
0
57

91
.2
%

of
st
ud

en
ts

re
po

rt
ed

im
pr
ov
ed

un
de
rs
ta
nd

in
g
fr
om

di
gi
ta
le
sc
ap
e
ro
om

s,
hi
gh
lig
ht
in
g
th
ei
r

eff
ec
ti
ve
ne
ss

in
en
ha
nc
in
g

en
ga
ge
m
en
t,

m
ot
iv
at
io
n,

cr
it
ic
al

th
in
ki
ng
,p

ro
bl
em

so
lv
in
g,
an
d

co
lla
bo
ra
ti
ve

sk
ill
s

10 Human Behavior and Emerging Technologies

 hbet, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/hbe2/6032891 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [15/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
LE

1:
C
on

ti
nu

ed
.

Y
ea
r

A
u
th
or
s

Sa
m
pl
e
(c
ou

n
tr
y)

P
ro
ce
ss
es

in
ve
st
ig
at
ed

T
ec
hn

ol
og

y
u
se
d

T
yp
e
of

m
et
ap
ho

r
A
im

s
of

th
e
st
u
dy

D
at
a
re
su
lt
s

P
ri
m
ar
y
ou

tc
om

es

20
15

R
ee
se
,

T
ab
ac
hn

ic
k,

K
os
ko

St
ud

y
1:
26
7
(M

ag
e
=
14

8)
;S
tu
dy

2:
90

(M
ag
e
=
11

5)
(n
ot

av
ai
la
bl
e)

Le
ar
ni
ng

D
es
kt
op

E
na
ct
ed
;

le
ar
ni
ng

is
a

ga
m
e

In
ve
st
ig
at
io
n
of

th
e

ut
ili
ty

of
th
e

vi
de
og
am

e
in

le
ar
ni
ng

sc
ie
nt
ifi
c
no

ti
on

s

St
ud

y
1

M
ra
te−

1
=
1
47
,S
D
=
1
17

M
ac
c−

1
=
00

5,
SD

=
0
32

M
ra
te−

2
=
0
47
,S
D
=
1
5

M
ac
c−

2
=
−0

02
,S
D
=
0
71

M
ra
te−

3
=
1
06
,S
D
=
1
04

M
ac
c−

3
=
00

5,
SD

=
0
53

M
ra
te−

4
=
1
32
,S
D
=
1
11

M
ac
c−

4
=
−0

01
,S
D
=
0
34

St
ud

y
2

M
ra
te−

1
=
1
40
,S
D
=
1
17

M
ac
c−

1
=
00

4,
SD

=
0
32

M
ra
te−

2
=
1
37
,S
D
=
0
01

M
ac
c−

2
=
17

4,
SD

=
0
56

M
ra
te−

3
=
0
88
,S
D
=
1
00

M
ac
c−

3
=
−0

10
,S
D
=
0
59

M
ra
te−

4
=
1
33
,S
D
=
1
18

M
ac
c−

4
=
00

0,
SD

=
0
42

T
he

vi
de
og
am

e
fa
ci
lit
at
ed

le
ar
ni
ng

ac
ro
ss

fo
ur

di
m
en
si
on

s,
w
it
h
12
-

ye
ar
-o
ld

fa
ci
ng

sl
ig
ht
ly

m
or
e
ch
al
le
ng
es

in
un

de
rs
ta
nd

in
g
he
at

th
an

15
-y
ea
r-
ol
d.

P
ro
gr
es
s
ra
te
s
va
ri
ed

by
ag
e
an
d
di
m
en
si
on

,
su
gg
es
ti
ng

ag
e-
re
la
te
d

di
ff
er
en
ce
s
in

co
nc
ep
tu
al
gr
as
p
an
d

le
ar
ni
ng

pa
ce

20
24

M
ar
ti
ns

N
un

es
A
ve
lla
r,

Fi
or
av
an
ti
,d

e
D
eu
s,
C
as
te
lo

B
ra
nc
o,

B
ar
bo
sa

St
ud

y
3:

31
(M

ag
e
=
12

74
)

(B
ra
zi
l)

Le
ar
ni
ng

V
R
+
H
M
D

E
na
ct
ed
;

pr
og
ra
m
m
in
g
is

a
pu

zz
le
ga
m
e

E
xp
lo
ra
ti
on

of
th
e

im
pa
ct

of
m
et
ap
ho

ri
ca
l

en
ac
tm

en
t
on

kn
ow

le
dg
e
re
te
nt
io
n

of
pr
og
ra
m
m
in
g

co
nc
ep
ts
.I
t
is

hy
po

th
es
iz
ed

th
at

pa
rt
ic
ip
an
ts
en
ga
gi
ng

w
it
h
SS
P
O
T
-V

R
w
ill

de
m
on

st
ra
te

im
pr
ov
ed

re
te
nt
io
n
of

pr
og
ra
m
m
in
g

kn
ow

le
dg
e

M
pr
e
=
3
9,
SD

=
1
16

M
po

st
=
6
55
,S
D
=
1
23

B
ot
h
th
e
st
ud

en
ts
'

re
te
nt
io
n
of

kn
ow

le
dg
e
an
d
th
ei
r

ab
ili
ty

to
ex
pr
es
s
th
e

pr
og
ra
m
m
in
g

co
nc
ep
ts
le
ar
ne
d

im
pr
ov
ed

af
te
r
th
e
us
e

of
SS
P
O
T
-V

R
,a
s

sh
ow

n
by

si
gn
ifi
ca
nt

in
cr
ea
se
s
in

po
st
te
st

sc
or
es

co
m
pa
re
d
to

pr
et
es
t
sc
or
es

20
24

Z
ha
ng
,C

he
n,

H
u,

B
ao
,T

u,
H
w
an
g

11
8
(M

ag
e
=
5
71
;6
1
m
al
es
)

(C
hi
na
)

Le
ar
ni
ng

D
es
kt
op

;
sc
re
en
-f
re
e

ro
bo
t

E
na
ct
ed
;

pr
og
ra
m
m
in
g
is

da
ily

lif
e

E
xp
lo
ra
ti
on

of
w
he
th
er

a
m
et
ap
ho

r-
ba
se
d
ro
bo
t

pr
og
ra
m
m
in
g

ap
pr
oa
ch

ca
n
en
ha
nc
e

yo
un

g
ch
ild

re
n'
s

co
m
pu

ta
ti
on

al
th
in
ki
ng

an
d
pr
om

ot
e

po
si
ti
ve

le
ar
ni
ng

be
ha
vi
or
s
co
m
pa
re
d
to

M
ex
pe
rim

en
tal
=
11

98
,S
D
=
1
48

M
co
nt
ro
l=

10
33
,S
D
=
1
77

T
he

ex
pe
ri
m
en
ta
l

gr
ou

p
sh
ow

ed
hi
gh
er

co
m
pu

ta
ti
on

al
th
in
ki
ng

sc
or
es

an
d

de
m
on

st
ra
te
d
m
or
e

po
si
ti
ve

le
ar
ni
ng

be
ha
vi
or
s
th
an

th
e

co
nt
ro
lg

ro
up

11Human Behavior and Emerging Technologies

 hbet, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/hbe2/6032891 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [15/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
LE

1:
C
on

ti
nu

ed
.

Y
ea
r

A
u
th
or
s

Sa
m
pl
e
(c
ou

n
tr
y)

P
ro
ce
ss
es

in
ve
st
ig
at
ed

T
ec
hn

ol
og

y
u
se
d

T
yp
e
of

m
et
ap
ho

r
A
im

s
of

th
e
st
u
dy

D
at
a
re
su
lt
s

P
ri
m
ar
y
ou

tc
om

es

a
co
nv
en
ti
on

al
ap
pr
oa
ch

20
24

Le
e,
Y
an
g

5
(M

ag
e
=
8;
3
m
al
es
)
(n
ot

av
ai
la
bl
e)

P
er
sp
ec
ti
ve
-

ta
ki
ng
;

em
pa
th
y

V
R
+
H
M
D
;

de
sk
to
p

E
na
ct
ed
;

un
de
rs
ta
nd

in
g

ot
he
rs

is
se
ei
ng

th
ro
ug
h
th
ei
r

ey
es

In
ve
st
ig
at
io
n
of

ho
w

as
ym

m
et
ri
c
V
R

co
m
bi
ne
d
w
it
h
pe
er

co
lla
bo
ra
ti
on

ca
n

en
ha
nc
e
pe
rs
pe
ct
iv
e-

ta
ki
ng

an
d
em

pa
th
y
in

ch
ild

re
n
w
it
h
A
SD

C
or
re
ct

re
sp
on

se
ra
te

Av
g b

as
eli
ne
=
0
31

Av
g in

ter
ve
nt
io
n
=
0
49

Av
g m

ain
ten

an
ce
=
0
69

Im
pr
ov
em

en
t
in

pa
rt
ic
ip
an
ts
's
oc
ia
l

co
gn
it
iv
e

pe
rf
or
m
an
ce
,

sp
ec
ifi
ca
lly

in
pe
rs
pe
ct
iv
e-
ta
ki
ng

an
d

em
pa
th
y,
ob
se
rv
ed

th
ro
ug
h
in
cr
ea
se
d

sc
or
es

fr
om

ba
se
lin

e
to

in
te
rv
en
ti
on

an
d

m
ai
nt
en
an
ce

ph
as
es

20
22

M
al
ig
he
tt
i,

V
ill
an
i,

B
er
na
rd
el
li,

G
ar
ba
ri
no

,
M
ae
st
ri
,D

e
G
as
pe
ri
,R

iv
a

42
(M

ag
e
ex
p
=
23

67
,M

ag
ec
on
=
24

10
;3
2
fe
m
al
es
)
(I
ta
ly
)

E
m
ot
io
n

V
R
+
H
M
D

E
m
bo
di
ed
;l
ife

is
a
jo
ur
ne
y

E
xp
lo
ra
ti
on

of
th
e

fe
as
ib
ili
ty

an
d

pr
el
im

in
ar
y

eff
ec
ti
ve
ne
ss

of
a
se
lf-

he
lp

V
R
in
te
rv
en
ti
on

in
pr
om

ot
in
g

em
ot
io
na
la
nd

ps
yc
ho

lo
gi
ca
lw

el
l-

be
in
g
in

un
iv
er
si
ty

st
ud

en
ts
du

ri
ng

th
e

C
O
V
ID

-1
9
pa
nd

em
ic

E
xp
er
im

en
ta
l

IM
H
-E
W

M
pr
e−

ex
p
=
11

90
,S
D
=
2
96

M
po

st−
ex
p
=
12

67
,S
D
=
2
28

M
pr
e−
co
n
=
11

90
,S
D
=
3
75

M
po

st−
co
n
=
11

10
,S
D
=
2
73

IM
H
-P
W

M
pr
e−

ex
p
=
24

95
,S
D
=
6
02

M
po

st−
ex
p
=
26

90
,S
D
=
5
22

M
pr
e−
co
n
=
26

48
,S
D
=
5
66

M
po

st−
co
n
=
24

38
,S
D
=
5
30

E
R
Q
-C

R
M

pr
e−

ex
p
=
4
84
,S
D
=
0
73

M
po

st−
ex
p
=
5
21
,S
D
=
0
61

M
pr
e−
co
n
=
5
01
,S
D
=
1
01

M
po

st−
co
n
=
4
98
,S
D
=
0
92

E
R
Q
-E
S

M
pr
e−

ex
p
=
3
33
,S
D
=
1
24

M
po

st−
ex
p
=
3
23
,S
D
=
1
18

M
pr
e−
co
n
=
3
22
,S
D
=
0
98

M
po

st−
co
n
=
3
26
,S
D
=
1
17

Si
gn
ifi
ca
nt

in
cr
ea
se

in
em

ot
io
na
la
nd

ps
yc
ho

lo
gi
ca
lw

el
l-

be
in
g
in

th
e

ex
pe
ri
m
en
ta
l
gr
ou

p
co
m
pa
re
d
to

th
e

w
ai
ti
ng

lis
t
gr
ou

p;
th
e

ex
pe
ri
m
en
ta
l
gr
ou

p
sh
ow

ed
an

in
cr
ea
se

in
po

si
ti
ve

at
ti
tu
de

ab
ou

t
th
e
fu
tu
re

th
at

de
cr
ea
se
d
in

th
e

w
ai
ti
ng

lis
t
gr
ou

p

20
23

M
al
ig
he
tt
i,

B
er
na
rd
el
li,

P
an
ci
ni
,R

iv
a,

V
ill
an
i

42
(M

ag
e
ex
p
=
24

1,
M

ag
ec

on
=
23

7;
32

fe
m
al
es

(I
ta
ly
)

E
m
ot
io
n

V
R
+
H
M
D

E
m
bo
di
ed
;l
ife

is
a
jo
ur
ne
y

In
ve
st
ig
at
io
n
of

th
e

fe
as
ib
ili
ty

an
d

pr
el
im

in
ar
y

eff
ec
ti
ve
ne
ss

of
a
se
lf-

he
lp

V
R
in
te
rv
en
ti
on

in
pr
om

ot
in
g

IM
H
-E
W

M
pr
e−

ex
p
=
3
96
,S
D
=
2
96

M
po

st−
ex
p
=
4
22
,S
D
=
2
28

M
pr
e−
co
n
=
3
96
,S
D
=
3
37

M
po

st−
co
n
=
3
7,
SD

=
2
73

Si
gn
ifi
ca
nt

in
cr
ea
se

in
bo
th

em
ot
io
na
l
an
d

ps
yc
ho

lo
gi
ca
lw

el
l-

be
in
g
in

th
e

ex
pe
ri
m
en
ta
l
gr
ou

p
co
m
pa
re
d
to

th
e

12 Human Behavior and Emerging Technologies

 hbet, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/hbe2/6032891 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [15/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
LE

1:
C
on

ti
nu

ed
.

Y
ea
r

A
u
th
or
s

Sa
m
pl
e
(c
ou

n
tr
y)

P
ro
ce
ss
es

in
ve
st
ig
at
ed

T
ec
hn

ol
og

y
u
se
d

T
yp
e
of

m
et
ap
ho

r
A
im

s
of

th
e
st
u
dy

D
at
a
re
su
lt
s

P
ri
m
ar
y
ou

tc
om

es

em
ot
io
na
la
nd

ps
yc
ho

lo
gi
ca
lw

el
l-

be
in
g
in

un
iv
er
si
ty

st
ud

en
ts
du

ri
ng

th
e

C
O
V
ID

-1
9
pa
nd

em
ic

IM
H
-P
W

M
pr
e−

ex
p
=
4
15
,S
D
=
6
02

M
po

st−
ex
p
=
4
48
,S
D
=
5
22

M
pr
e−
co
n
=
4
41
,S
D
=
5
66

M
po

st−
co
n
=
4
06
,S
D
=
5
30

P
SS

M
pr
e−

ex
p
=
2
09
,S
D
=
7
24

M
po

st−
ex
p
=
1
97
,S
D
=
7
00

M
pr
e−
co
n
=
2
14
,S
D
=
6
65

M
po

st−
co
n
=
2
07
,S
D
=
4
21

co
nt
ro
lg

ro
up

,b
ut

no
t

in
pe
rc
ei
ve
d
st
re
ss

20
17

P
rp
a,
T
at
ar
,

R
ie
ck
e,

P
as
qu

ie
r

22
(M

ag
e
=
22

3,
SD

=
80

3;
14

fe
m
al
es
)
(C
an
ad
a)

E
m
ot
io
n

V
R
+
H
M
D

E
na
ct
ed
;m

or
e

is
up

;l
es
s
is

do
w
n

In
ve
st
ig
at
io
n
of

ho
w

di
ff
er
en
t
m
ap
pi
ng
s
of

em
bo
di
ed

in
te
ra
ct
io
n

de
si
gn

ca
n
en
ha
nc
e

th
e
aff
ec
ti
ve

pr
op

er
ti
es

of
th
e
sy
st
em

,e
xp
lo
re

th
e
im

pa
ct

on
us
er

en
ga
ge
m
en
t
an
d

aff
ec
ti
ve

st
at
es
,a
nd

un
de
rs
ta
nd

th
e

po
te
nt
ia
lb

en
efi
ts
of

pr
ed
ic
ta
bl
e,
em

bo
di
ed

in
te
ra
ct
io
n
th
ro
ug
h

br
ea
th
in
g
on

a
us
er
's

aff
ec
t,
en
jo
ym

en
t,

en
ga
ge
m
en
t,
an
d

pr
es
en
ce

E
nv
ir
on

m
en
ta
l

re
ac
ti
vi
ty

pe
rc
ep
ti
on

in
cr
ea
se
d
on

se
co
nd

ex
po

su
re
,w

it
h

pa
rt
ic
ip
an
ts
pr
ef
er
ri
ng

lo
ng
er

ex
pe
ri
en
ce
s
in

m
et
ap
ho

ri
ca
lly

m
ap
pe
d
co
nd

it
io
ns
.

A
tt
en
ti
on

to
au
di
o

di
ff
er
ed

by
m
ap
pi
ng
,

an
d
ba
se
lin

e
ST

A
I-
6

sc
or
es

va
ri
ed

be
tw
ee
n

gr
ou

ps
,i
nd

ic
at
in
g

nu
an
ce
d
re
sp
on

se
s
to

en
vi
ro
nm

en
ta
l

m
an
ip
ul
at
io
n
an
d

m
et
ap
ho

ri
ca
lm

ap
pi
ng

20
20

i
B
ad
ia
,

Q
ui
nt
er
o,

C
am

ei
ra
o,

C
hi
ri
co
,

T
ri
be
rt
i,

C
ip
re
ss
o,

G
ag
gi
ol
i

20
(M

ag
e
=
28

15
,S
D
=
41

5;
11

m
al
es
)
(n
ot

av
ai
la
bl
e)

E
m
ot
io
n

D
es
kt
op

E
m
bo
di
ed
;

an
ge
r
is
fi
re
,

sa
dn

es
s
is
ra
in
,

fe
ar

is
ni
gh
tf
al
l,

an
d
ha
pp

in
es
s

is
fl
ow

er
s

A
ss
es
sm

en
t
of

th
e

eff
ec
ti
ve
ne
ss

of
se
le
ct
ed

m
et
ap
ho

rs
in

in
du

ci
ng

ta
rg
et

em
ot
io
ns
,

hy
po

th
es
iz
in
g
th
e

ex
is
te
nc
e
of

a
fr
am

ew
or
k
fo
r

aff
ec
ti
ve
-d
ri
ve
n

pr
oc
ed
ur
al
co
nt
en
t

ge
ne
ra
ti
on

in
V
R

th
ro
ug
h
th
e

id
en
ti
fi
ca
ti
on

of
re
le
va
nt

V
A
S-
an
ge
r:
f2

=
0
78
35

V
A
S-
fe
ar
:
f2

=
1
02
38

V
A
S-
jo
y:

f2
=
0
62
53

V
A
S-
pl
ea
su
re
:
f2

=
0
30
98

V
A
S-
ar
ou

sa
l:
f2

=
0
85
92

V
A
S-
do

m
in
an
ce
:
f2

=
0
39
58

P
ro
ce
du

ra
l
m
et
ap
ho

rs
si
gn
ifi
ca
nt
ly

in
fl
ue
nc
ed

em
ot
io
ns
,

el
ic
it
in
g
st
ro
ng
es
t

re
sp
on

se
s
fo
r
ta
rg
et
ed

em
ot
io
ns
.F

ea
r
an
d

an
ge
r
m
et
ap
ho

rs
in
du

ce
d
fe
ar
;s
ad
ne
ss

el
ic
it
ed

hi
gh
er

sa
dn

es
s

ra
ti
ng
s,
an
d
jo
y

in
du

ce
d
hi
gh
er

jo
y

le
ve
ls
.P

hy
si
ol
og
ic
al

re
sp
on

se
s
al
ig
ne
d
w
it
h

su
bj
ec
ti
ve

em
ot
io
na
l

13Human Behavior and Emerging Technologies

 hbet, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/hbe2/6032891 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [15/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
LE

1:
C
on

ti
nu

ed
.

Y
ea
r

A
u
th
or
s

Sa
m
pl
e
(c
ou

n
tr
y)

P
ro
ce
ss
es

in
ve
st
ig
at
ed

T
ec
hn

ol
og

y
u
se
d

T
yp
e
of

m
et
ap
ho

r
A
im

s
of

th
e
st
u
dy

D
at
a
re
su
lt
s

P
ri
m
ar
y
ou

tc
om

es

ps
yc
ho

ph
ys
io
lo
gi
ca
l

m
ar
ke
rs

of
th
e

em
ot
io
na
l
ex
pe
ri
en
ce

re
po

rt
in
g,

de
m
on

st
ra
ti
ng

th
e

E
m
ot
io
na
lL

ab
yr
in
th
's

ca
pa
ci
ty

to
ev
ok
e

di
st
in
ct

em
ot
io
na
l

st
at
es

th
ro
ug
h

pr
oc
ed
ur
al
vi
rt
ua
l

m
et
ap
ho

rs
A
bb
re
vi
at
io
ns
:
A
R
,
au
gm

en
te
d
re
al
it
y;

E
R
Q
-C

R
,
em

ot
io
n
re
gu
la
ti
on

qu
es
ti
on

na
ir
e–
co
gn
it
iv
e
re
ap
pr
ai
sa
l;
E
R
Q
-E
S,

em
ot
io
n
re
gu
la
ti
on

qu
es
ti
on

na
ir
e–
ex
pr
es
si
ve

su
pp

re
ss
io
n;

IM
H
-E
W
,
It
al
ia
n
m
en
ta
l
he
al
th

co
nt
in
uu

m
–e
m
ot
io
na
lw

el
l-
be
in
g;
IM

H
-P
W
,I
ta
lia
n
m
en
ta
lh

ea
lth

co
nt
in
uu

m
–p

sy
ch
ol
og
ic
al
w
el
l-
be
in
g;
P
SS
,p

er
ce
iv
ed

st
re
ss
sc
al
e;
V
A
S,
vi
su
al
an
al
og

sc
al
e;
V
R
+
H
M
D
,v
ir
tu
al
re
al
it
y
+
he
ad
-m

ou
nt
ed

di
sp
la
y.

14 Human Behavior and Emerging Technologies

 hbet, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/hbe2/6032891 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [15/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



learning as a game, both enacting the experience in serious
and educational games concerning medical and scientific
themes. In particular, Alyami and colleagues [47] developed
a desktop-based serious game that assimilated the activity of
cardiac history-taking to an adventure game, while Reese
[45] focused on fundamental geology and space science.
Martins Nunes Avellar et al. [44] integrated the metaphor
“programming is a puzzle game” in a VR environment to
investigate its impact on students' programming knowledge
retention, highlighting the potential of metaphor enactment
to reinforce learning outcomes, while Zhang and colleagues
[46] enacted the metaphor “programming is daily life”
through interactions with a screen-free robot, illustrating
how everyday routines (e.g., washing clothes, traffic signs
for representation, and fixing a car for debugging) could
enhance computational thinking in young learners. Addi-
tionally, Lee and Yang [43] applied the metaphor “under-
standing others is seeing through their eyes” in an
asymmetric VR game, exploring how experiences lived in
first or third perspective fostered perspective-taking and
empathy in children with ASD, therapy expanding the
review's exploration into clinical applications and social
cognition.

A study carried out by Prpa and colleagues [38] investi-
gated the metaphor viewing more as up and less as down,
through an enactment supported by the interaction with
participants' affective states. Specifically, participants saw
themselves floating higher or lower in a body of water based
on their breathing rhythm. Similarly, another study focused
on the affective sphere by applying a mechanism of biofeed-
back in order to create a virtual environment that actively
responded to users' affective states, implementing the meta-
phor that views emotions as natural elements (e.g., anger is
fire, sadness is rain, fear is nightfall, and happiness is
flowers) [32]. Two studies carried out by Malighetti and col-
leagues [36, 37] employed the metaphor of life as a journey
through different virtual scenarios representing metaphori-
cal stories, investigating the embodiment of this metaphori-
cal experience on emotional well-being.

The studies, however, differ in the specific cognitive,
emotional, or perceptual domains they aim to explore,
reflecting the tailored approach of each study to investigate
aspects of human experience through metaphor.

3.2.1. Cognition. Under the dimension of cognition, two
main constructs were addressed by the included studies: cre-
ative cognition and learning.

3.2.2. Creative Cognition. Studies on creative cognition used
the metaphors “breaking the walls” and “thinking outside of
the box” to symbolize overcoming creative barriers, showing
significant improvements in problem solving and creative
performance [26, 41, 42]. These studies demonstrated that
physically enacting metaphors in VR actively engages partic-
ipants in cognitive flexibility, making abstract concepts more
tangible. For instance, Wang and colleagues [41, 42] found
that metaphorical enactment led to a stronger enhancement
of creative performance compared to the embodied and the
nonmetaphorical condition. Neural activation, measured

with fNIRS, showed weaker activations in the frontopolar
cortex, the dorsolateral prefrontal cortex, and the somato-
sensory association cortex in the metaphorical condition
compared to the virtual experience of simply walking
through a corridor. These areas correspond to those acti-
vated by rule-breaking behaviors and creative performance,
suggesting that the physical action of breaking a wall acti-
vates the conceptual metaphor and the corresponding brain
activities. Similarly, Leung [26] showed that individuals who
freely navigated a virtual space, embodying the idea of
“thinking outside the box” performed better on creative
problem-solving tasks than those confined to a fixed path.
Expanding this research, Lee and Yang [43] implemented
the metaphor “understanding other is seeing through their
eyes” within a VR game designed for children with ASD.
By embodying different perspectives, participants improved
in perspective-taking and empathy, highlighting the poten-
tial of metaphor enactment in fostering social understand-
ing. Across these studies, physical engagement with
metaphorical experiences proved effective in stimulating
the characteristics considered at the foundation of creativity.

3.2.3. Learning. In the domain of learning, the studies
explored how embodied metaphors enhance educational
outcomes, particularly through spatial navigation and inter-
action with virtual objects [45, 47, 49]. These studies lever-
aged metaphorical experiences to improve retention,
engagement, and understanding of complex subjects. Several
studies used serious games to enact the metaphor “learning
is a game.” Alyami and colleagues [47] demonstrated that
a metaphor-enhanced medical training game was as effective
as traditional text-based study methods, while offering
higher satisfaction and engagement levels but no significant
differences in cognitive load, level of difficulty, or perfor-
mance postintervention. Similarly, Reese et al. [45] showed
that metaphor-based virtual serious games help improve
learning of scientific subjects, with effectiveness varying
depending on the specific educational context. Sidekerskienė
and Damaševičius [49] found that digital escape rooms, used
as metaphors for breaking down barriers in STEM educa-
tion, effectively promote active learning and engagement.
Other studies examined metaphorical representations of
programming. Martins Nunes Avellar et al. [44] considered
the activity as a puzzle game and found that enacting the
metaphor led to significant improvements in programming
knowledge retention, demonstrating the efficacy of meta-
phorical enactment in reinforcing learning. Zhang et al.
[46] implemented the metaphor “programming is daily life,”
showing higher computational thinking and positive learn-
ing behaviors in young learners compared to traditional
learning approaches. Overall, these embodied metaphors,
by leveraging the spatial and kinesthetic affordances of VR,
helped with both the learning, retention, and understanding
of complex subjects, offering compelling evidence for the
technology's role in enhancing the learning experience
through metaphorical embodiment. Therefore, these studies
highlight the potential of immersive environments to pro-
vide a more engaging and effective learning experience, par-
ticularly for abstract concepts that benefit from spatial
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representation, with mean values showing an improvement
in learning outcomes compared to traditional learning
methods.

3.2.4. Perception. Concerning perception, studies examining
color perception [35], numerical representation [34], and
temporal and spatial awareness [33, 40, 48] used metaphors
that directly interact with the participants' sensory experi-
ences. For instance, Löffler [35] demonstrated that AR inter-
ventions using simple color changes (e.g., hue and
saturation) seem to significantly influence users' conceptual
choices concerning the perception of weight and tempera-
ture, while research from Kopiske and Franz [34] which
compared symbolic and nonsymbolic number lines to
understand nonlinearity in magnitude estimation found that
responses to the former were almost linear, while responses
to the latter showed characteristic underestimation for larger
magnitudes. Furthermore, Ruggiero and colleagues [40]
showed that perceived temperatures modulate performance
in a virtual peripersonal and interpersonal assessment task,
with differences between genders. Specifically, in both types
of space, warmth elicited a stronger sense of closeness in
women and more distance in men, while coldness induced
more distance in women and stronger closeness in men.
Qin et al. [39] studied the metaphor “a safety boundary is
a breached wall” in a VR setting, demonstrating how such
metaphors could enhance participants' perception and
attention through rapid detection cues. This study empha-
sized the role of embodied metaphors in influencing percep-
tual efficiency and attention, showcasing how metaphorical
designs can significantly impact sensory processing.

Finally, two studies investigated the metaphor “the past
is behind, the future is ahead”: Caruso and colleagues [48]
discovered that future events feel psychologically closer than
past events of equivalent objective distance, while Jiang's
study [33] examined movement along both the lateral and
sagittal axis and found results suggesting that virtual move-
ment significantly impacts space–time mapping in the lateral
but not in the sagittal direction. This indicates that the lat-
eral mental timeline originates from sensorimotor experi-
ences, whereas the sagittal timeline is more influenced by
spatial metaphors and cultural factors. In other words, stud-
ies focusing on altering sensory experiences highlight how
embodied metaphors can recalibrate participants' percep-
tions of weight, temperature, and numerical concepts. These
findings, particularly those concerning altering perceptions
of time and space [33, 39, 40, 48], illustrate the significant
potential of embodied metaphors in reshaping sensory and
perceptual experiences, thus addressing how metaphors
impact cognitive and perceptual processes.

3.2.5. Emotions. The studies targeting emotional processes
explored how virtual environments that react to or evoke
specific emotional states can facilitate emotional regulation,
including affective states measured by the participants' per-
ceived arousal [38] and psychophysiological markers [32],
as well as the overall emotional well-being [36, 37].

The studies focusing on emotional aspects explored met-
aphors as not only reflecting but also actively influencing

and embodying participants' emotional states. For instance,
I Badia et al. [32], by applying a mechanism of biofeedback
in order to create a virtual environment actively responding
to the user's affective states, showed that emotionally adap-
tive VR benefits from the use of behavioral and physiological
data to enhance mental health intervention by tailoring
emotional experiences to individual needs. In particular,
results showed an overall subjective agreement that each
metaphor corresponds to the expected emotion, with the
exception of anger, whose metaphor elicits both fear and
anger. Similarly, Prpa [38] demonstrated that embodied
interactions based on users' breathing patterns significantly
influenced their affective states, engagement, and overall
experience. Additionally, metaphoric mappings (i.e., inhal-
ing corresponded to rising and exhaling to sinking deeper)
felt more intuitive and calming than the opposite. However,
detailed information concerning the emotional states and
the metaphor's influence on them was not obtained, due to
significant baseline differences between the groups despite
random assignment to the condition (metaphor vs. nonme-
taphor). These metaphorical mappings, such as virtual envi-
ronments that respond to users' emotional states through the
real-time analysis of physiological and behavioral parame-
ters, allow for the enactment of emotional regulation strate-
gies, thereby providing the possibility to investigate the
interplay between technology, metaphor, and emotional
experience. Finally, the two studies carried out by Malighetti
and colleagues [36, 37] suggest that embodying a metaphor-
ical experience can significantly increase both emotional and
psychological well-being. However, no significant results
were obtained comparing pre- and postresults concerning
emotional regulation abilities. Therefore, environments that
adapt to the user's affective states [32] or activities designed
to elicit empathy led to observable changes in emotional
expression and self-reported emotional well-being, but not
on emotional regulation [36–38]. These outcomes provide
evidence for the use of embodied metaphors in emotional
learning and regulation, with mean sizes concerning the
measured outcomes (i.e., self-report questionnaires on psy-
chological and emotional well-being and awareness) indicat-
ing a positive impact on participants' ability to manage and
understand their emotional responses. Indeed, the enact-
ment of emotional experiences within these environments
led to notable improvements in emotional well-being and
expression, enhancing the role of embodiment and enact-
ment in understanding and interpreting metaphors within
emotional experiences but suggesting more in-depth
research on their role for emotional regulation abilities.

4. Discussion

The present scoping review of the literature aimed at pre-
senting the state of research regarding embodied and
enacted metaphors in technology-mediated experiences
and their effect on cognitive and emotional abilities. Overall,
19 studies were identified that respected the inclusion cri-
teria, which demonstrate the impact of embodied and
enacted metaphors on cognition and emotions.
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According to the CMT framework, metaphors play an
integral role in structuring our understanding and interac-
tion with complex concepts. Through the application of
metaphors, the studies collectively demonstrate how meta-
phorical constructs, deeply rooted in bodily experiences
and sensorimotor systems [10, 12], facilitate a richer com-
prehension and engagement with abstract concepts. This
aligns with the theoretical propositions of embodied meta-
phorical cognition [2], which posits that our bodily experi-
ences, represented through the body schema and the body
image, are foundational to the metaphorical mapping pro-
cesses that shape our cognitive and emotional landscapes.

The empirical findings reported across the studies con-
firm that bodily experiences shape cognitive and emotional
processes, including creativity, learning, perception, and
emotional regulation. This corroborates Lakoff and John-
son's [1] assertion that conceptual and perceptual processes
share physiological mechanisms, thereby anchoring abstract
cognitive functions in embodied experiences. The observed
improvements in creative cognition, learning outcomes, per-
ceptual shifts, and emotional well-being suggest that embod-
ied metaphors not only convey information but also actively
structure cognitive and emotional processes [50]. Indeed, the
synthesis of findings from the included studies provides a
comprehensive overview of how embodied and enacted met-
aphors through technology-mediated experiences signifi-
cantly impact cognition and emotions, addressing the core
research questions and objectives of this review. Across a
variety of technological tools (i.e., immersive VR, AR, and
desktop interfaces), the studies collectively demonstrate that
the embodiment and enactment of metaphors can influence
cognitive and affective processes. Overall, the modality
through which metaphors are experienced—whether more
passively embodied through sensory experiences or actively
enacted through physical interaction—affects their impact
on cognitive processing and emotional resonance. Studies
employing active enactment, requiring participants to phys-
ically perform actions that represent metaphorical concepts,
tend to yield stronger effects on outcomes such as creative
thinking [26, 41, 42] or learning gains [44–47, 49]. Con-
versely, metaphors that are embodied in sensory experi-
ences, such as color and spatial manipulations, produce
subtler but equally impactful effects on perception and inter-
pretation. While enactment-based metaphors tend to yield
more immediate and quantifiable effects, sensory-based met-
aphors still significantly shape cognitive and emotional pro-
cesses, reinforcing the integral role of embodied experiences
in structuring abstract thought.

Therefore, the collective results affirm that the use of var-
ious technological modalities to embody and enact meta-
phors has a significant, measurable impact on both
cognitive and emotional processes. This impact is consistent
across similar demographic groups, highlighting the applica-
bility and potential of embodied metaphors in enhancing
human cognition and emotional regulation through
technology-mediated experiences on both teenagers and
adults. These influences manifest in enhanced creative cog-
nition, improved learning outcomes, altered perceptual
experiences, and augmented emotional regulation, offering

valuable insights into the application and efficacy of embod-
ied and enacted metaphors in technology-mediated environ-
ments. Indeed, advanced technologies such as VR, with their
ability to create real-time embodied simulations, can foster a
sense of immersion into a virtual space that has the potential
to represent different situations and concepts [17]. In the
context of metaphorical thinking, this ability allows for a
deeper exploration of how metaphors affect cognitive and
emotional processes by simulating environments where
physical actions and perceptions closely mimic real-life
experiences. The ability of VR to generate embodied experi-
ences with a high sense of agency and potential for enact-
ment is thus crucial for advancing the study of embodied
metaphors.

Furthermore, the notion of embodied agency discussed
in the context of these studies highlights the active role of
participants in engaging with metaphors, thereby not just
receiving information passively but shaping their under-
standing and interaction with the world. This is supported
by the active inference principle and the Bayesian brain
approach, which together propose that the comprehension
of metaphors involves the activation of stored perceptual
maps and sensorimotor simulations [51, 52]. Specifically,
according to these theoretical frameworks, the brain actively
seeks to minimize prediction errors by constantly updating
its internal models of the world based on sensory input.
When discrepancies occur, the brain adjusts its internal
model to reduce the prediction error, effectively learning
from experience [53]. Indeed, the reviewed studies indicat-
ing enhanced creative output, improved learning retention,
altered sensory perceptions, and better emotional regulation
underscore the enactment of agency through metaphorical
engagement. Technology-mediated metaphors, such as
“breaking walls” to symbolize overcoming obstacles, actively
engage participants' sensorimotor systems, thus enhancing
creative cognition and problem-solving abilities through
embodied simulations [42]. By incorporating Bayesian prin-
ciples, these metaphors can be seen as prior beliefs that
shape sensory experiences and cognitive interpretations,
effectively guiding participants' interactions within the vir-
tual environments to align with their predictive models.
The active inference approach further suggests that the com-
prehension of metaphors involves the activation of stored
perceptual maps and sensorimotor simulations, enabling
individuals to predict and interpret abstract concepts
through concrete and embodied experiences [51]. For exam-
ple, Jiang and colleagues [33] demonstrated that interacting
with time-related metaphors in VR significantly altered par-
ticipants' perception of temporal flow, as measured by reac-
tion times and accuracy in time estimation tasks. This
finding underscores the role of predictive processing in met-
aphor comprehension, where participants' prior experience
and sensorimotor engagements are integrated to refine their
predictions and cognitive responses (see Figure 2 for a visual
representation of the integration of these frameworks).
Moreover, the experience of metaphors in virtual environ-
ments supports the idea that embodied metaphors facilitate
not only cognitive enhancements but also emotional regula-
tion. Studies have shown that virtual environments that
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adapt to users' emotional states through real-time analysis of
physiological and behavioral parameters can effectively
evoke and modulate emotional experiences [32, 38]. This
adaptive interaction can be understood through the lens of
active inference, where the brain's predictive models are con-
tinuously updated based on sensory feedback, allowing for
dynamic emotional regulation and enhanced empathy.

Findings from this review suggest that embodied and
enacted metaphors through technology-mediated experi-
ences influence various aspects of cognition [26, 33–35,
39–49]. Indeed, there is substantial evidence indicating that
engagement with metaphors significantly enhances creative
cognition, improves problem-solving abilities, and boosts
learning outcomes. Studies consistently demonstrate that
through the enactment of metaphors, participants not only
conceptualize abstract ideas but also embody them, leading
to measurable enhancements in cognitive abilities. However,
there is some variability in the degree to which different
studies report improvements in cognitive functions, such
as learning outcomes, suggesting that while the embodiment
of metaphors uniformly impacts creative and problem-
solving tasks, its influence on other cognitive functions
might be moderated by the nature of the task or the meta-
phor involved. This variability could be explained by the the-
oretical underpinning that cognition is deeply influenced by
bodily experiences, as argued by Lakoff and Johnson [1]. The
extent of cognitive enhancement may depend on how closely
a metaphor aligns with participants' bodily experiences and

sensorimotor schemas. For example, metaphors that engage
motor skills or spatial navigation might more directly influ-
ence memory and attention through embodied simulation,
activating neural pathways associated with these cognitive
processes. This aligns with findings from neuroscience, sug-
gesting that the engagement of sensorimotor systems in met-
aphor comprehension can enrich cognitive functioning by
leveraging the brain's inherent embodied structures [2, 52].

In the domain of emotions, the included studies suggest
that embodied and enacted metaphors may significantly
impact affective abilities such as emotional regulation and
well-being. The enactment of emotional states through met-
aphors in virtual environments—where participants interact
with scenarios that evoke or mirror their emotional experi-
ences—consistently leads to improved emotional regulation
and enhanced empathy. This is particularly evident in stud-
ies where metaphors allow participants to navigate through
emotional experiences in a controlled, yet deeply immersive
manner [32, 38]. Despite the overall positive findings, there
appears to be a range of effectiveness regarding emotional
state alterations, with some studies reporting more profound
impacts than others. This discrepancy could stem from the
subjective nature of emotional experiences and the diverse
methodologies employed to measure mood states. The theo-
retical framework of embodied cognition offers a plausible
explanation for these findings, suggesting that emotional
experiences are not merely cognitive appraisals but are
deeply intertwined with bodily states [54]. Therefore, the
embodiment of metaphors can evoke more potent emotional
responses by simulating the physical sensations associated
with those emotions. This idea is supported by neural stud-
ies showing activation in areas linked to emotions, such as
the amygdala, during the engagement with metaphorical
content, indicating a biological basis for the emotional
impact of embodied metaphors [55]. Furthermore, the vari-
ance in emotional state alterations across studies could be
explained by individual differences in emotional processing
and the degree of embodiment offered by different meta-
phors and technologies, highlighting the complexity of
translating embodied experiences into emotional outcomes.

4.1. Limitations and Future Directions. While providing
valuable insights into the impact of embodied and enacted
metaphors on cognition and emotions through technology-
mediated experiences, the current scoping review presents
several limitations that need to be acknowledged. First, a
lot of the included studies did not report effect sizes or data
from which effect sizes could be extracted. This omission,
together with the broad research question typical of the
scoping review, meant that a quantitative data synthesis
was not performed. Future research should prioritize the
reporting of detailed quantitative outcomes, including effect
sizes. This would facilitate meta-analyses and more precise
comparisons across studies, enhancing our understanding
of the effects that embodied metaphors have on various psy-
chological constructs.

In addition, the studies included in the review focused
on healthy participant samples. On the one hand, this can
be a strength point that consolidates the impact of embodied

CMT

A

Metaphor
embodiment

Predictive
processing

D

C
B

ACTIVE
INFERENCE

Figure 2: Theoretical frameworks in metaphor comprehension.
This diagram illustrates the interconnected roles of Conceptual
Metaphor Theory (CMT) and active inference in explaining the
understanding and embodiment of metaphors. CMT emphasizes
how (a) the body shapes metaphor comprehension by grounding
abstract concepts in bodily experiences. (b) The brain processes
these embodied metaphors through sensorimotor simulation and
predictive processing, as described by active inference. (c) Sensory
inputs are then used for informing predictions and gaining (d)
cognitive insights. These insights then circle back to CMT,
refining and enhancing metaphorical understanding through
dynamic and embodied interactions with the environment.
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metaphors on the general population. On the other hand, it
represents a missed opportunity to explore the potential
impacts of embodied metaphors on clinical populations.
For instance, research could include participants with condi-
tions that typically challenge metaphor comprehension, such
as autism and schizophrenia, to determine how these groups
experience and respond to embodied metaphors [56–60].
Additionally, some protocols were developed in order to
implement embodied metaphors in the health journey of
different medical conditions, such as cancer, perinatal loss,
and stroke, in order to support the emotional and psycho-
logical impact of these experiences and enhance engagement
in treatment (e.g., [61–63]). However, the present review
only found one study investigating their application and
effectiveness on patients.

The role of culture was also not investigated in the studies
included in this review. Despite literature showing that culture
plays a significant role in cognitive processes, including those
related to embodied cognition [64, 65], most of the selected
articles did not specify the ethnicity of the populations they
investigated nor the country where the study was carried out
(as shown in Table 1). Future studies should therefore take
into consideration the cultural diversity of their sample, in
order to control this aspect and prevent overlooking variation
in metaphorical understanding and usage.

Another important limitation lies in the theoretical fram-
ing of the search strategy, which may have excluded relevant
studies investigating concepts akin to embodied metaphors
but not explicitly theorized as such. The reason for this choice
is rooted in the desire to focus on studies explicitly grounded
within the selected theoretical approach (i.e., the CMT; [1]).
Despite this, the phenomenon of virtual body swapping repre-
sents a compelling case of an experience that, while not tradi-
tionally framed as a metaphor within existing literature, has
intrinsic metaphorical qualities. Indeed, participants experi-
ence the world from the perspective of another body, therefore
embodying the metaphor of “walking in someone else's shoes”
[66, 67]. The potential reframing of such phenomena through
the lens of CMT presents an interesting suggestion for future
research in areas such as cognition [68, 69], perception [70,
71], and emotion [72]. This approach aligns with the growing
evidence from neuroscience and cognitive science that sup-
ports the embodied basis of conceptual understanding and
metaphor comprehension [10, 11]. Reframing these phenom-
ena as metaphors could therefore provide a novel framework
for examining the effectiveness of embodied metaphors in eli-
citing cognitive and emotional changes, enriching the theoret-
ical and practical applications of CMT in understanding the
profound impact of embodied experiences on human
psychology.

5. Conclusion

To our knowledge, this scoping review represents the first
systematic attempt to explore the intricate interplay between
embodied and enacted metaphors and their impact on cog-
nitive and emotional processes through the lens of
technology-mediated experiences. By validating the embod-
ied nature of metaphorical cognition and highlighting the

dynamic nature of metaphor comprehension as evidenced
by neuroimaging and behavioral studies, this review opens
new avenues for exploration into how metaphors influence
our understanding, perception, and emotional engagement
with the world.

Further research is essential to deepen our understand-
ing of these processes, particularly through the investigation
of metaphors within clinical populations and the exploration
of phenomena akin to embodied metaphors but not tradi-
tionally framed as such within the CMT. Additionally, future
studies could benefit from integrating the Bayesian brain
framework more explicitly, examining how predictive pro-
cessing and perceptual inference contribute to the compre-
hension and embodiment of metaphors. This approach
would not only extend the theoretical landscape but also
enrich our understanding of how metaphors shape cognitive
and emotional experiences at both the individual and socie-
tal levels. Indeed, the relationship between embodied meta-
phors, active inference, and the Bayesian brain approach
lies in how these concepts collectively explain the dynamic
interplay between perception, cognition, and action. Embod-
ied metaphors highlight the importance of bodily experi-
ences in shaping our conceptual understanding, aligning
with the active inference principle's emphasis on the brain's
proactive role in minimizing prediction errors through sen-
sorimotor interactions. Moreover, the Bayesian brain
approach provides a framework for understanding how the
brain integrates past experiences, such as embodied meta-
phors, with current sensory inputs to make predictions
about the future. This allows for a more nuanced under-
standing of how metaphors are not merely static representa-
tions but are dynamically constructed and interpreted
through ongoing interactions with the environment. There-
fore, the integration of active inference and the Bayesian
brain framework into the study of embodied metaphors
offers a compelling point of view that elucidates how meta-
phors influence cognitive and emotional processes through
predictive coding and sensorimotor simulations.

Therefore, the present scoping review proposes a frame-
work that situates the study of embodied and enacted meta-
phors at the intersection of cognitive science, neuroscience,
cognitive linguistics, and technology studies. By validating
the embodied nature of metaphorical cognition and high-
lighting the dynamic and interactive nature of metaphor
comprehension as evidenced by neuroimaging studies (e.g.,
[73, 74]), this review opens new avenues for exploration into
how metaphors profoundly influence our understanding,
perception, and emotional engagement with the world.
Thus, this scoping review lays the groundwork for future
interdisciplinary research at the intersection between cogni-
tive science, neuroscience, and technology studies, aiming to
understand how embodied metaphors can enhance cognitive
and emotional well-being across diverse populations and
settings.
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