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Abstract

The outbreak of Covid-19 pandemics has dramatically affected people’s lives. Among newly established practices, it has
likely enriched our conceptual representations with new components. We tested this by asking Italian participants during the
first lockdown to rate a set of diverse words on several crucial dimensions. We found concepts are organized along a main
axis opposing internal and external grounding, with fine-grained distinctions within the two categories underlining the role
of emotions. We also show through a comparison with existing data that Covid-19 impacted the organization of conceptual
representations. For instance, subclasses of abstract concepts that are usually distinct converge into a unitary group, charac-
terized by emotions and internal grounding. Additionally, we found institutional and Covid-19 related concepts, for which
participants felt more the need for others to understand the meaning, clustered together. Our results show that the spread of

Covid-19 has simultaneously changed our lives and shaped our conceptual representations.

Introduction

Concepts are the building blocks of our knowledge, the glue
that ties our past, present, and future together (Murphy,
2002). But concepts are also flexible, they may be stretched
or shrunk as a consequence of changes in the physical or
social environment. Some authors have underlined that con-
cepts are dynamic and flexible (Barsalou, 1993; Connell &
Lynott, 2014). Still, research has mostly focused on stable
and constant aspects of conceptual representations due to the
difficulty of investigating conceptual flexibility in everyday
life. The spread of Covid-19 represents a unique occasion
that allows us to investigate how an unexpected and dis-
ruptive event on such a large scale has changed our way of
conceiving our bodies, emotions, as well as our personal and
social lives. In this work, we explore whether and how the

P4 Claudia Mazzuca
mazzuca.claudia@gmail.com

> Anna M. Borghi

anna.borghi @uniromal..it

Department of Dynamic, Clinical Psychology and Health,
Sapienza University of Rome, Rome, Italy

University of Montpellier, LIFAM, Montpellier, France

Institute of Cognitive Sciences and Technologies, Italian
National Research Council, Rome, Italy

@ Springer

way we represent concepts reflects the changes that occurred
in society as a consequence of the Covid-19 outbreak.

To investigate the impact of the spread of Covid-19 in
different areas, we designed a study in which we asked par-
ticipants to rate 96 words according to various dimensions.
Most of the words were taken from previous Italian data-
bases, in which either abstract (Villani et al., 2019) or both
concrete and abstract concepts were evaluated (Barca et al.,
2002; Della Rosa et al., 2010). To investigate the spheres
in which the pandemics could have impacted people's life,
we selected words that belong to the domains of public,
personal, emotional, and bodily spheres. Notably, some of
the selected words were more concrete (e.g., body, school),
some more abstract (e.g., destiny, altruism). The distinc-
tion of concepts into concrete and abstract, although highly
simplified (Barsalou et al., 2018), reflects the fact that some
concepts (e.g., stomach) refer to concrete, single, and clearly
bounded referents, activate sensorial modalities to a larger
extent, and have many common properties (high-dimen-
sional categories: Langland-Hassan et al., 2021; Lupyan
& Mirman, 2013), while other concepts, i.e., more abstract
ones (e.g., future), are more detached from sensorial experi-
ence, collect rather heterogeneous members, and generally
refer to complex events and situations (Borghi & Binkof-
ski, 2014). We hypothesized that abstract concepts, being
more relational and less linked to the correlational structure
of the outside environment than concrete ones (Gentner &
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Asmuth, 2019; Malt & Wolff, 2010; Thompson et al., 2020),
are more flexible and more influenced by contextual factors
than concrete ones.

To test this hypothesis, we chose words that pertained
to different semantic domains. First, we considered words
related to diseases, differing in severity (from flu to tumor,
including Covid-19), and epidemiological words (e.g., expo-
nential growth, social distancing), which can be considered
less familiar words for lay people—since they became more
frequently used only during the pandemic spread. We also
selected concepts related to potentially risky collective situa-
tions (e.g., crowd, demonstration), and concepts of locations
that might have become more salient, either because of their
risk or because of people's confinement (e.g., airport, home).
For the bodily sphere, we selected mostly concepts that
might have become more salient due to the pandemic (e.g.,
mouth, face, breath). For the emotional sphere, we selected
abstract words referring to simple and complex emotions,
both positive and negative (e.g., fear, anxiety, love, trust),
and words referring to spiritual life and religion, both posi-
tive and negative (e.g., religion, salvation, destiny, death)
(Villani et al., 2019). For the private sphere, we selected
kinship words (e.g., grandparent, sister), and to investigate
changes in the public sphere, we considered institutional
concepts (e.g., state, nation), and social concepts referring
to professions that have become more salient during the pan-
demics (e.g., prime minister, journalist). We also included
nations, the representation of which might have changed due
to Covid-19 (e.g., China, France).

We used an online rating method in which we asked par-
ticipants to rate words according to many dimensions. First,
we selected three dimensions classically used to determine
conceptual abstractness. Participants evaluated how much
the words were abstract/concrete (Concreteness-Abstract-
ness), how likely they were to evoke images (Imageability,
Paivio, 1990), and to what extent it was easy to think of pos-
sible contexts associated with them (Contextual Availability,
McFalls & Schwanenflugel, 2002). Generally, people evalu-
ate more concrete concepts as more imageable and more
associated with a given context (McFalls & Schwanenflugel,
2002; Paivio, 1990). Then, we chose four dimensions that
have been recently tested on abstract concepts. Three per-
tained to the body and aimed at determining whether and
to what extent the words evoke bodily interactions (Body
Object Interaction, BOI, Tillotson et al., 2008), signals
from the inner body (Interoception, Connell et al., 2018;
Villani et al., 2021), and emotions (Emotionality, Kousta
et al., 2011). The last one addressed to what extent partici-
pants had the feeling to need others to understand the word
meaning (Social Metacognition, Borghi et al., 2018, 2019).
Previous studies on abstract concepts (Villani et al., 2019;
2021) revealed that higher BOI scores generally character-
ize more concrete concepts among abstract concepts, and

that Emotionality and Interoception are more associated
with emotional and mental states abstract concepts. Further-
more, the degree of Social Metacognition increases with the
increase of abstractness—the more words are abstract, the
more we feel the need of others.

Finally, we added some novel dimensions, addressing the
extent to which people felt confident about conceptual mean-
ing (Confidence), the extent to which they thought experts
understand the concept (Confidence in Experts), and the
extent to which they perceived the conceptual referent as
near or far from them (Distance). We introduced Confidence
and Confidence in Experts to refine the measurement of
Social Metacognition. We were interested in understanding
whether we need others more for concepts for which we feel
less confident. Furthermore, we intended to assess if the con-
fidence in experts’ knowledge could fill this gap and reduce
the perceived uncertainty (Rabb et al., 2019). We reasoned
that questions to a possible community of knowledge may
be particularly relevant for abstract, scientific concepts (e.g.,
exponential growth), and epidemiological concepts (e.g.,
disease), and would help to address contextual changes due
to the pandemic. Finally, we hypothesized that participants
would perceive abstract concepts as more distant because of
their difficulty, together with concepts referring to locations
and populations evoking worrying scenarios in the initial
phase of the pandemics (e.g., airport, China).

For a subset of these words, we have previous evaluations
of other databases. Even if the sample of words participants
evaluated was different overall, comparing ratings obtained
during the pandemics to those already available from previ-
ous norming studies allows us to determine whether and to
what extent the spread of the pandemics affected conceptual
representation on some critical dimensions.

Method
Participants

A total of 36 Italian participants took part in the study in a
window of time between April, 2nd and May, 9th 2020—
i.e., in the initial phase of the first Italian lockdown. The
questionnaire was implemented in Qualtrics. Participants
were contacted via an anonymous link either by posting
the questionnaire on social networks (Facebook, Twitter)
or spreading the questionnaire through the research team’s
extended network of acquaintances. Originally we con-
tacted 106 people, but 70 of them (66.04% of the sample)
did not complete the questionnaire, likely because of its
length. The final sample is therefore composed of 36 par-
ticipants (23 females, M age =35.87; SD=13.04; 13 males,
M age=36.54; SD=12.60).
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Participants showed middle levels of trait anxiety
(M =2.26; range 1-4; SD=0.66) tested with the GAD-7
scale (Spitzer et al., 2006), middle levels of empathy
(M =3.76; range 2-5; SD =0.65) tested with the IRI scale
(Davis, 1980), and middle-high levels of interoceptive
awareness (M =4.33; range 2.5-6; SD=0.94) tested with
the MAIA scale (Mehling et al., 2012). Their perception of
the risk of contracting Covid-19 was average (score 3.78;
SD =1.33, tested with a continuous scale from 1 to 7), and
the frequency with which they assessed information and
news about Covid-19 was middle-high (M =3.97; SD=0.84,
tested with a scale from 1 to 5).

All the other socio-demographic information collected
are reported in Appendix A (see Supplementary Materials).

Materials

Participants took part in an online survey. In the first part
of the survey, participants completed the rating task: they
were asked to evaluate a list of words (N=96) according to
specific dimensions, using a scale from 1 to 7.

We tested 10 dimensions, including Concrete-
ness ~ Abstractness, Imageability, Context Availability,
Body-Object-Interaction, Social Metacognition, Interocep-
tion, and Emotionality (Della Rosa et al., 2010; Villani et al.,
2019). To these, we added three new dimensions: Perceived
Distance from the concept, Confidence in Experts, and Con-
fidence (see Appendix B, Supplementary Materials).

The 96 target words pertained to 11 categories, which
were: Diseases, Epidemiological Concepts, Philosophical-
Religious Concepts, Emotional Concepts, Concepts referred
to Body and Senses, Social Professions, Social and Collec-
tive Concepts, Concepts referred to Family, Institutional
Concepts, Places-Means of Transport, and Nations (see
Appendix C, Supplementary Materials).

The ten dimensions were randomly presented within par-
ticipants, and the 96 target words were randomly presented
within each dimension.

In the second part of the survey, participants were asked
to complete four scales: the Interpersonal Reactivity Index
(IRI) (Davis, 1980), testing their general empathy; the
Multidimensional Assessment of Interoceptive Awareness
(MAIA) (Mehling et al., 2012), investigating their intero-
ceptive awareness; the Stereotype Content Model (SCM)
(Cuddy et al., 2009) that investigates the content of the ste-
reotypes endorsed by individuals towards specific social
groups; and the Generalised Anxiety Disorder-7 (GAD-7)
(Spitzer et al., 2006) aimed at measuring the severity of
Generalized Anxiety Disorder.

In the third part of the survey, we collected socio-demo-
graphic information. We asked participants to report their
age, birth sex, level of education, profession, birth nation,
city and region of provenience, current health condition,
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current way of living (confined or not confined to the house),
frequency with which they received information and news
about Covid-19, and personal perceived risk to contract
Covid-19 (see Appendix A, Supplementary Materials).

Procedure

Ethics permission was granted by the Ethics Committee
of the Department of Dynamic, Clinical Psychology and
Health, Sapienza University of Rome (Prot. n. 000275-
23/03/2020). Before completing the survey, participants
were informed of the general purpose of the study and pro-
vided informed consent. Once participants agreed to take
part in the study, they were presented with the rating task
and asked to evaluate target words on ten dimensions, using
a continuous scale from 1 to 7. They were encouraged to
respond as carefully and quickly as possible, without spend-
ing too much time thinking about every single word. Par-
ticipants gave their responses into separate boxes for each
target word contained per dimension. All data, scripts, and
analyses are available at https://osf.io/h8t59/.

Results

To assess meaningful relations among our targeted dimen-
sions, we computed Spearman’s rho coefficients for all pos-
sible pairs of dimensions in our matrix using ‘Hmisc’ R’s
package (Harrell, 2020). Figure 1 presents a correlogram
implemented through ‘corrplot’ R’s package (Wei & Simko,
2017) showing the outcome of the correlations. In the corre-
logram, only significant correlations (p > 0.05) are reported.
p-values have been adjusted for multiple comparisons using
Bonferroni’s corrections. Below, we discuss the most mean-
ingful relations.

We found that more abstract concepts received lower
scores of Imageability, ry=—0.98, p <0.001, and Contex-
tual Availability, r,=-0.89, p=0.049, in line with widely
documented findings on abstractness (e.g., Paivio, 1986;
Schwanenflugel & Shoben, 1983), and of Body-Object-
Interaction (BOI), r,=- 0.94, p=0.005, in keeping with
recent findings (Villani et al., 2019).

Concepts that were rated as more distant were also rated
as less emotional, r,=—0.96, p=0.001, and less related to
interoception, r,=-0.94, p=0.005. Concepts for which par-
ticipants judged the need of others to be crucial for under-
standing the meaning (Social Metacognition; METSOC)
received also lower scores of BOI, r;=—0.93, p=0.010
and Confidence in the mastering of meaning, r;=— 0.99,
p <0.001. Interestingly, these results confirm the link
between abstractness and social metacognition, suggested
by recent understandings of abstract knowledge (e.g., Borghi
et al., 2021; Fini & Borghi, 2019; Shea, 2018; Villani et al.,
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Fig.1 Correlogram of significant relations among the dimen-
sions. Positive correlations are reported in blue, whereas negative
correlations are reported in red. Legend of labels: CNCABSCon-
creteness ~ Abstracntess, METSOC Social Metacognition,
EMO Emotionality, INTInteroception, BOIbody object interaction,
CONF Confidence, IMGimageability, CNTX contextual availability,
EXP_CONF Confidence in Experts, DIST Perceived Distance

2019). In keeping with this idea, social interaction would be
central for understanding and consolidating the meaning of
abstract concepts.

We found a positive correlation between Emotionality
and Interoception, r,=0.98, p <0.001. It is perhaps worth
noting that, contrary to previous research (e.g., Kousta et al.,
2011; Lund et al., 2019; Ponari et al., 2018), we found no
significant correlation between Abstractness and Emotional-
ity (p>0.05). Instead, these results align well with proposals
suggesting that emotional concepts can be considered as a
category differing from both concrete and abstract concepts
(e.g., Altarriba et al., 1999; Barca et al., 2017, 2020). We
also found a positive correlation between Body-Object-Inter-
action and Confidence, r,=0.90, p=0.031, and Imageability
and Confidence in Experts’ Knowledge, r,=0.89, p=0.049.
The correlation suggests that confidence in ourselves and
in experts increases when items are perceived as under our
(bodily) control and as easily imageable, two determinants
of concreteness. Finally, we also found a positive correlation
between Imageability and Contextual Availability, r,=0.94,
p=0.002, in line with previous research (e.g., Villani et al.,
2019).

To further explore our data and to identify underlying
components explaining their structure, we performed a
Principal Component Analysis (PCA, Jollife, 2010) using
‘tidymodels’ (Kuhn & Wickham, 2020) and ‘factoextra’
(Kassambara & Mundt, 2019) R’s packages. PCA is a

multivariate analysis technique that allows extracting a new
set of features from an existing set of variables, explaining
the variance in the dataset. Before applying PCA, all the
variables (i.e., the average rating score per each dimension)
were centered and standardized.

We focus on components that weigh more of [.31, which
can be interpreted as medium effect size (Cohen, 1988; see
also Villani et al., 2019). We found that, among the ten com-
ponents extracted by the PCA, component 1 (PC1) explained
the majority of variance (0.51), followed by component 2
(0.28). Figure 2 presents the contribution of each dimension
on PC1 and PC2 and their negative and positive values.

Here we focus on the most relevant dimensions (for a
complete overview of the contribution of each dimension
on both components, see Appendix D, Supplementary
Materials). On the first component (PC1), we found that
Imageability (— 0.42), Body-Object-Interaction (— 0.39),
Confidence in understanding the meaning (— 0.36), Con-
textual Availability (— 0.35), and Confidence in experts’
knowledge (— 0.33) are opposed to Abstractness (0.40), and
Social Metacognition (0.31). This is in line with the pattern
of associations revealed by correlations and suggests that
Component 1 represents the opposition between abstractness
and concreteness. Compared to previous studies, the opposi-
tion between abstractness and concreteness is enriched by
the information on confidence. The more abstract the words
are, the less confident we are both in our own and in the
experts’ knowledge. At the same time, with more abstract
words we need more others to understand their meaning,
confirming results by Villani et al. (2019) and showing that
social metacognition is an important dimension that char-
acterizes abstractness.

On the second component (PC2), Interoception (0.52)
and Emotionality (0.52) are opposed to Perceived Distance
(— 0.45) and Confidence in Experts’ knowledge (— 0.26),
once again replicating the trend of the correlations. This
component mainly opposes concepts that are highly related
to emotions and interoception to those perceived as more
distant and more understood by experts, somehow display-
ing a “near ~ far” opposition. The relation between distance
and better comprehension of experts might seem counter-
intuitive, but it can be better understood if we consider that
distant objects are opposed to inner, emotional aspects, more
related to the personal dimension.

How are words organized in the PCA semantic
space?

Once the most salient components of the PCA have been
identified, we can analyse the organization of the target
words in the resulting semantic space. Figure 3 presents
the distribution of target words on the bidimensional
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space resulting from PCA, along with the contribution of
dimensions.

The first component (Dimension 1) accounts for most of
the variability in the dataset. As the plot shows, on Dimen-
sion 1 highly imageable words (e.g., elderly, hospital) are
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distributed together with words that are easily available in
contexts (e.g., car, school), highly related to bodily experi-
ence (e.g., eyes, hand, mouth, head, face), and on the mean-
ing of which participants felt confident (e.g., family, mother,
house). These words are opposed in the leftmost part of the
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plot to words that received higher scores of abstractness
(e.g., future, destiny, moral), to words for which the need
of others to understand the meaning was considered to be
important (e.g., norm, prayer, herd immunity, democracy),
and to words that were perceived as more distant (e.g., Eng-
land, demonstration, journalist).

In the second component (Dimension 2) we find on the
one hand highly emotional words, and words related to
interoceptive feelings (e.g., affect, life, fear, anxiety, hope,
love, faith, but also breathe, sight, touch, illness), which are
opposed to words that are perceived as distant (e.g., crowd,
government, Europe, science, Britain, demonstration) and
that were judged to be well understood by experts (e.g., sci-
entist, physician, corpse, airport).

To better interpret our data, we performed Hierarchical
Clustering on the results of the Principal Component Analy-
sis using “FactoMineR” R’s package (L¢ et al., 2008). Sil-
houette’s Index (see Chouikhi et al., 2015) indicated three
as the best number of clusters for our data (SI=0.3). We
identified relevant clusters based on their Euclidean distance
on the dimensions of ratings, using Ward’s clustering algo-
rithm (see Harpaintner et al., 2018; Mazzuca et al., 2020
for similar methods), an agglomerative clustering algorithm
that minimizes the total within clusters variance. Figure 4
presents the distribution of words in each cluster and their
distribution in the bidimensional space of the PCA.

Fig.4 Distribution of target
words on each component, and
their distribution in each cluster

N

DIm2 (28.2%)

N

The three clusters are differentially characterized by the
dimensions, F(18, 930)=58.53, p<0.001.

Specifically, words included in Cluster 1 (green) have
higher scores of Emotionality (M =5.26; Overall M =4.25),
Abstractness (M =4.34; Overall M=3.17), Interoception
(M =4.96; Overall M =3.97) in comparison with the overall
tendency of the data. In addition, they have lower scores of
Contextual Availability (M =3.64; Overall M =4.55). Words
included in Cluster 2 (orange) are instead mainly charac-
terized by higher scores of perceived Distance (M =4.13;
Overall M=3.57) and lower scores in Confidence (M =4.66;
Overall M =5.09). Finally, words that are grouped together
in Cluster 3 (blue) have higher scores of BOI (M =5.10;
Overall M =4.44), Imageability (M =5.40; Overall
M=4.79), and lower scores of Abstractness (M =2.25;
Overall M=3.17). A visual inspection of the words com-
posing the three clusters suggests that Cluster 1 contains
mostly emotional and abstract words; Cluster 2 seems to
be composed of institutional, public concepts that are spe-
cifically related to the Covid pandemics; Cluster 3 instead
features mainly highly concrete, bodily related words the
representation of which might have been also influenced by
the pandemics. This pattern of results aligns well with the
results of the PCA. Figure 5 presents the mean contribution
of each cluster on the two main components of the PCA. To
make the interpretation of results easier, we have named the

cluster
1
2
3

' '
0.0 25

Dim1 (51.3%)
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Fig.5 Mean contribution (scaled) of each cluster per each component
of the PCA. Colors of clusters match those reported in Fig. 4

two components in line with the dimensions that better char-
acterized them, so that PC1 is now ABS_CNC (representing
the opposition between abstractness and concreteness), and
PC2 is EMO_DIST (representing the opposition between
emotionality and perceived distance). We did the same
with the three clusters so that Cluster 1 is now ABS_EMO
(abstract and emotional), Cluster 2 is PUB_COVID (public,
institutional aspects mediated by the Covid pandemics), and
Cluster 3 is PRIV_CNC (concrete, bodily salient, private
aspects).

The mean contribution of clusters to the components
of the PCA suggests that Component 1 (ABS_CNC) is
generally characterized by the opposition between words
pertaining to Cluster 3 (PRIV_CNC), which have the
higher contribution to the dimension, and words in Clus-
ter 1 (ABS_EMO). Component 2 (EMO_DIST) is instead
characterized by the opposition between words clustered in
Cluster 1 (ABS_EMO), which have the higher contribution,
and words in Cluster 2 (PUB_COVID). It is worth noting
that words that compose the PUB_COVID cluster seem
to have comparable importance in both dimensions. This
could be explained by the fact that they were rated as rela-
tively abstract words, for which other people are determinant
for understanding the meaning, but were also perceived as
somehow distant.

These are interesting results for a variety of reasons.
First, we found a cluster including only abstract words and
of two different kinds. Words that in Villani et al. (2019)
belonged to two separate clusters, i.e., emotional-inner
states words and philosophical-religious ones, here cluster
together, whether positive or negative in valence (e.g., salva-
tion, hope, fear, love). Whether the assimilation of these two
kinds of abstract words is a consequence of experiencing an
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unusual and highly emotional situation, such as the spread of
Covid-19, or whether it depends on the different sample of
presented words, are both possible explanations that should
be tested in future studies. According to some accounts (e.g.,
Kousta et al., 2011), we might expect that highly abstract
and emotional terms would be grouped together. However,
our data indicate that we might expect the opposite pattern:
in fact, even though we had mostly Covid-related highly
abstract words (e.g., exponential growth), we found these
words included together in a cluster mainly characterized by
the dimensions of Social Metacognition, perceived Distance,
and low Confidence.

Second, although we cannot determine whether and
to what extent the spread of Covid-19 has influenced the
formed clusters, some cues suggest that it plays a role for
both Cluster 2 and 3. Cluster 2 includes words related to
pandemics and the public sphere. Together with the word
Covid-19, we find scientific words (e.g., exponential growth,
herd immunity, transmission rate, science), spaces where
the contagion can spread (e.g., parade, demonstration), or
locations associated with it (e.g., China, England), together
with institutional words related to institutional spaces and
figures (e.g., state, norm, prime minister, journalist). Clus-
ter 3 includes mostly concrete words related to the private
sphere, and perhaps surprisingly, the word lockdown. It then
includes words referring to bodily parts and family mem-
bers, to diseases (disease, flu) and death (corpse), to the
hospital (e.g., nurse, hospital), to the nation where people
were confined (/zaly). Notably, the words school and univer-
sity are included in this cluster and not in Cluster 2, either
because during the lockdown lessons were only online or
because people perceive school and university as part of
everyday life. It is perhaps worth noting that other countries
are clustered with more "abstract" Covid-19 terms (pan-
demic, Covid-19, exponential growth), whereas Italy (i.e.,
participants' home country) clustered with more percepti-
ble, maybe more bodily consequences of covid (lockdown,
disease, fever).

Finally, to assess whether the Covid pandemics have
impacted our conceptual representations, we retrieved
rating scores from an Italian database of abstract words
(Villani et al., 2019), which features most of the dimen-
sions included in our dataset. Importantly, all the words
in the Villani’s database are associated with one of three
conceptual categories: “emotional-inner”; “philosophical-
spiritual”; “physical-spatial”; “self-sociality”. We found
29 words out of 96 (see Supplementary Materials), and
we fitted a linear mixed model using ‘afex’ R’s package
(Singmann et al., 2021). We modeled our data fitting rating
scores as the dependent measure, Database (our database
vs Villani), Dimension, and Category as fixed factors, and
Target Word as a random factor. We found a significant
main effect of Dimension, F(6, 325)=58.15, p<0.001,
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as well as a significant main effect of Category, F(3,
25)=7.96, p <0.001. We also found a significant interac-
tion between Database and Dimension, F(6, 325)=8.19,
p <0.001, and between Dimension and Category, F(18,
325)=12.88, p<0.001. Importantly, the three-way inter-
action between Database, Dimension, and Category was
also significant, F(18, 325)=1.72, p=0.035. To further
explore the direction of this interaction, we computed
post-hoc comparisons using ‘emmeans’ (Lenth, 2020)
R’s package and adjusted p-values using Tukey’s correc-
tion. Within the four categories, we found that only “emo-
tional-inner” and “philosophical-spiritual” concepts were
rated differently across the two databases. Specifically,
for ratings of Contextual Availability “emotional-inner”
concepts received higher scores in Villani’s database,
1(325)=9.042, p < 0.001, as well as “philosophical-spirit-
ual” concepts, #(325)=7.125, p <0.001. For Imageability,
“emotional-inner” concepts received higher scores in Vil-
lani’s database, #(325) =5.232, p <0.001, and the same is
true for “philosophical-spiritual” concepts, #(325) =4.162,
p=0.001. For Social Metacognition, “emotional-inner”
concepts received lower scores in Villani’s database,

1(325)=-3.187, p=0.033, as did “philosophical-spirit-
ual” concepts, #(325)=- 3.789, p=0.004. Figure 6 pre-
sents the trend of the interaction.

Even if we cannot exclude that these differences are due
to the different participants’ pool, to the fact that Villani
et al. had participants evaluating only abstract concepts, or
to the spread of the epidemics, our results on this subset of
words offer interesting ideas for interpretation. Indeed, the
difference pertains to concepts referring to the emotional
and spiritual sphere and not other concepts. Within these
two categories, we found a decrease in Imageability, and
Contextual Availability, likely due to the different word
samples. In fact, in our database, these abstract concepts
are compared with concrete ones, possibly leading to an
overall decrease in scores on dimensions traditionally
associated with concreteness. However, it is worth not-
ing that changes occur with Imageability and Contex-
tual Availability, and not with other dimensions, such as
abstractness ~ concreteness.

The most interesting result concerns the difference in
Social Metacognition, indicating that the current situa-
tion has enhanced participants’ need to rely on others to
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understand the meaning of both “emotional-inner” and
“philosophical-spiritual” concepts.

Discussion

In this study, we explored whether and how the spreading
of Covid-19 affected Italian participants' conceptual repre-
sentations. To this extent, we asked an Italian sample of par-
ticipants during the first national lockdown (March 2020) to
rate a set of target words on a number of dimensions usually
employed to test conceptual concreteness (e.g., Imageability,
Abstractness, Contextual Availability, Body-Object-Inter-
action, Emotionality), along with less traditional measures
(e.g., Confidence, Social Metacognition, Confidence in
Experts, Perceived Distance). Our results can be interpreted
in light of two main interrelated research strands. The first
is related to the literature on conceptual representation, and
the dimensions that underlie the abstractness of concepts;
the second tackles how a disruptive event such as Covid-19
has impacted our concepts. We will address them separately.

Concepts and their abstractness

Our results directly speak to the literature investigating con-
ceptual representations and specifically to the distinction
between abstract and concrete concepts. In fact, although we
did not select our target concepts explicitly controlling for
abstractness, the results of the Principal Component Analy-
sis showed that the abstract ~ concrete opposition accounted
for most of the variance in the dataset. This result seems
to be in contrast with recent perspectives on conceptual
knowledge (e.g., Barsalou et al., 2018; Borghi et al., 2019),
which are questioning the traditional dichotomy opposing
abstract to concrete concepts. However, these approaches
are also stressing the multidimensionality of abstract con-
cepts (Borghi, Fini, et al., 2021; Borghi et al., 2021) suggest-
ing that other underlying dimensions might account for the
representation of abstract meanings. In keeping with that,
along with classic dimensions explaining concreteness and
abstractness (i.e., Contextual Availability, Imageability), we
found this distinction is further enriched by the association
between abstractness and Social Metacognition, i.e., the ten-
dency to rely on others to understand conceptual meaning.
Some research strands propose that this dimension might
be critical for abstract concepts’ acquisition and mastering
(e.g., Borghi et al., 2018, 2021; Mazzuca et al., 2021a). In
line with this proposal, abstract conceptual representations
might be established and reinforced also through a dynamic
loop constituted by the conscious or unconscious assessment
of the inadequacy of our conceptual knowledge, and the con-
sequent social interactions aimed at integrating and enrich-
ing it. This might be especially relevant for specific kinds of

@ Springer

abstract concepts, such as those related to scientific or more
complex entities (e.g., herd immunity). Importantly, in our
study information on confidence also enriches how abstract
and concrete concepts are conceived, showing that confi-
dence both in our own knowledge and in experts’ knowledge
decreases with more abstract concepts. So, while positing a
clear-cut distinction between abstract and concrete concepts
might be a simplification (Barsalou et al., 2018), our results
show that the abstract ~ concrete distinction, even if nuanced,
seems to be an important underlying factor (see also Dove,
2018). Importantly, the abstract ~ concrete dimension (PC1)
did not entirely overlap with emotionality. Instead, we found
that the opposition between Emotionality and Perceived
Distance distinctively characterized the second component
of our PCA, marking the distinction between concepts that
are perceived as internally grounded and concepts that are
perceived as distant. This does not imply that emotionality
does not count for abstract concepts. Indeed, the analysis
of Cluster 1 indicates that, together with interoception, it
plays a major role, but particularly for emotional-inner and
philosophical-religious concepts. This result suggests that
theories claiming that emotional information is more cru-
cial for abstract than concrete concepts (e.g., Kousta et al.,
2011; Lund et al., 2019) capture an important dimension of
abstract concepts. However, the relevance of emotionality
and interoception (Connell, 2019) is particularly prominent
for a subset of abstract concepts, i.e., emotional and religious
ones (see Villani et al., 2021).

Effects of Covid-19 on concepts

Our results offer hints to understand the influence of the
SARS-CoV-2 spread on conceptual representations. They
provide clear evidence that participants’ conceptual repre-
sentations were at least partly modulated by the emergency
context caused by the pandemics (for related findings see
Mazzuca et al., 2021b).

First, in the cluster analysis, we observe a more tight rela-
tionship between emotional and inner states concepts (e.g.,
fear, love) and philosophical, spiritual ones (e.g., destiny,
salvation) compared with previous studies on abstract con-
cepts. While these two sub-classes of concepts were found
to be differentially represented in a previous Italian norming
study (Villani et al., 2019), here they both fall in the same
cluster. Although these results are based on a smaller set of
words, we also found that emotional-inner and philosophi-
cal-spiritual concepts were the only two sub-categories that
varied in the two databases' ratings. Particularly relevant is
the increase in Social Metacognition scores. In our dataset,
the need to rely on others to understand the meaning of these
two kinds of concepts is more substantial, consistently with
the hypothesis that the pandemics might have increased the
need for social interaction.
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Second, the pandemics' impact on conceptual represen-
tations does not seem to be limited to abstract concepts.
Instead, we also found an unusual pattern of results for more
concrete concepts, that clustered mainly together, irrespec-
tively of their sub-category. We found in the same cluster
words referring to bodily parts, kinship, jobs, and places,
along with words referred to diseases and lockdown—all
words that held high Body-Object-Interaction and Image-
ability scores and low scores of Abstractness. This might
be better interpreted when compared to Cluster 2, which
features words that have higher scores of perceived Distance,
lower scores in Confidence, and is situated in the bidimen-
sional semantic space where Social Metacognition weights
more. In this cluster, we found words directly related to the
pandemics (Covid-19, herd immunity) or words that became
related to the pandemics indirectly because their referents
gained salient importance during the first lockdown (China).

Hence, the influence of Covid-19 seems to spread from
the private to the public spheres, which interestingly cor-
respond to Cluster 2 and 3. The private sphere (Cluster 2)
includes more concrete concepts and concepts referring to
how the pandemic impacts our everyday life—two paradig-
matic examples are lockdown and Italy. The public sphere
(Cluster 3) includes more institutional terms and concepts
directly referred to the pandemics, like epidemiological
ones—two paradigmatic examples are State and herd immu-
nity. Notably, this sphere is characterized by high scores in
perceived Distance and associated with high uncertainty, as
the low scores in Confidence testify.

How about the emotional, inner sphere? In such a sphere,
mainly represented by Cluster 1, the influence of the pan-
demic is more indirect. Cluster 1 does not include terms
directly related to Covid-19. However, ratings on emotional-
inner and philosophical-spiritual concepts changed com-
pared to previous databases, showing that we need others
more to understand these concepts (higher scores in Social
Metacognition). In addition, participants in our study had
more difficulty in retrieving relevant contexts (lower scores
of Contextual Availability), and in imagining (lower scores
of Imageability) these kinds of concepts compared to the
previous database.

In conclusion, our study has both theoretical and practi-
cal implications. On the theoretical side, it provides new
insights into conceptual representation. First of all, our
study shows that concreteness ~ abstractness represents an
important dimension to understand our conceptual organi-
zation. Second, it also emphasizes the role of affective,
emotional, and interoceptive aspects for our concepts.
Third, it highlights the crucial role of information on con-
fidence to investigate abstract concepts—both in terms
of inner monitoring and certainty of our own knowledge,
and in terms of needing other people, experts or not, to
complement our knowledge. Finally, it highlights our

conceptual system's intrinsic flexibility, showing how the
pandemic has profoundly and differently influenced our
public, personal, and emotional spheres.

On a more practical side, understanding how people have
changed their conception of different life spheres can offer
hints that politicians, practitioners, and policymakers can
exploit to address the pandemics. For example, the marked
separation between the private and the public sphere that
emerges from our results should be carefully considered for
those who hope and plan a better society, where these two
areas should be more integrated. As a further example, our
results invite us to reflect on the role of science, perceived as
an institution and delegated to the public sphere, rather than
an instrument helpful for everyday citizen’s life. Reflecting
on the impact of Covid-19 on our concepts can thus con-
tribute to understanding better what we want for our future.
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