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Abstract
Across many semantic domains, cross-linguistic regularities in
categorization systems (e.g., color or kinship terms) have been
taken to reflect constraints on how humans perceive and con-
ceptualize the world. Such conceptual representations are of-
ten assumed to be universal, and independent of an individ-
ual’s experience with a particular language. However, in most
cases, representational constraints have not been observed em-
pirically on language-independent grounds. This study comes
to fill in this gap. We use a card sorting task to provide the
first empirical evidence for a common, language-independent
representation of pronominal referents, shared by speakers of
different languages.
Keywords: mental representations; categorization; personal
pronouns; cross-linguistic variation; concepts; typology

Introduction
Categorization systems involving both content and functional
vocabulary exhibit constrained variation across languages:
while some are very frequent, others are very rare or do not
occur at all. For example, while the world’s languages ex-
hibit different ways of categorizing kin concepts into kinship
terms and color values into color words, there are apparent
constraints on the types of attested categorization systems
(Berlin & Kay, 1969; Murdock, 1970; and see also Kemp,
Xu, & Regier, 2018, and references therein for other seman-
tic domains). Cross-linguistic regularities of this sort have
often been argued to reflect, at least in part, representational
constraints—specific ways of representing the meaning space
under consideration (see, e.g., Kay & McDaniel, 1978; Gar-
denfors, 2014). The idea is that the way humans represent the
world imposes constraints on linguistic forms, such that more
frequently attested systems are those that better reflect per-
ceptual or conceptual aspects of the underlying mental repre-
sentation of the domain.

In a number of domains, theories and models of the typol-
ogy of categorization systems have assumed that these mental
representations are universal, and independent of our expe-
rience with a particular language. For example, Zaslavsky,
Maldonado, and Culbertson (2021) analyze systems of per-
sonal pronouns (e.g., ‘I’, ‘you’, ‘they’), which categorize in-
dividuals by their role in the communicative context (e.g.,
speaker, addressee). Building on insights from linguistic
theories of person (Harley & Ritter, 2002; Harbour, 2016;
Zwicky, 1977), Zaslavsky et al. introduce a bias into the rep-
resentation of possible pronominal referents, whereby refer-
ents that involve the speaker are more similar to each other

than those that do not. This bias is assumed to be universal
(shared by all speakers, regardless of their native language).
Zaslavsky et al. adopt an information-theoretic framework
and show that this biased representation of the domain leads
to a better account of the typological distribution of systems
of personal pronouns than an unbiased representation. How-
ever, they also speculate that at least some rarely attested sys-
tems may be explained by a weaker bias in the representation,
raising the possibility of language-specific representations.

While it is compelling that cross-linguistic data are bet-
ter captured by a model that assumes a universal represen-
tation of this space, in most cases it remains a theoretical
assumption. In the case of color, this assumption has been
justified by a language-independent perceptual space (Regier,
Kay, & Khetarpal, 2007; Zaslavsky, Kemp, Regier, & Tishby,
2018), and in the case of containers a shared representation
between two closely related languages (Dutch and French)
has been reported (White, Malt, & Storms, 2017). However,
most models of semantic categorization in other domains as-
sume a universal representation space without grounding that
assumption in language-independent evidence (e.g., Kemp
& Regier, 2012; Xu, Liu, & Regier, 2020; Denić, Steinert-
Threlkeld, & Szymanik, 2022; Steinert-Threlkeld, 2020).
That is, whether or not the mental representation of a given
semantic domain is independent from language is an empir-
ical question that has so far remained largely unaddressed.
Addressing this question would significantly strengthen our
theories of the underpinnings of the conceptual representa-
tions relevant for categorization in language. For example,
if there is evidence that representations are not language-
independent, then models could potentially be improved by
tuning the representational space for each language. On
the other hand, evidence supporting universal representations
would strengthen models that rely on that assumption.

Here, we address this open question in the domain of per-
sonal pronouns. Specifically, we test how speakers of lan-
guages with different pronominal systems conceptualize the
space of possible pronominal referents. We do this using a
well-known method for investigating non-linguistic represen-
tations: card sorting (Weller & Romney, 1988; Fincher &
Tenenberg, 2005). To preview, we find that the structure of
this meaning space—including the ‘speaker’ bias posited in
Zaslavsky et al. (2021)—is indeed highly correlated across
the populations we test.
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Figure 1: A. 11 Possible referents obtained by crossing three speech roles (abbreviated as s, a and o) with three possible cardinalities.
B. Pronominal systems in the 5 languages tested in our study, plotted against the space shown in A. Colors correspond to distinct pronominal
forms. C. Examples of possible conceptual representations of the 11 meanings illustrated in A. Each representation structures the domain
around a given person/number feature and is labeled by that feature, whereby referents that share/lack this specific feature are encoded as
more similar to each other. The upper panels illustrate the similarity structure schematically (i.e., more similar referents are bounded within
a box); the lower panels show the corresponding similarity matrix between referents (dark blue indicates high similarity (i.e., 1), light green
low (i.e., 0)).

The meaning of personal pronouns
Personal pronouns refer to individuals or groups of individu-
als by their role in the speech event. For example, in English,
the pronoun ‘I’ is used to refer to the speaker, the pronoun
‘you’ to the addressee, and the pronoun ‘they’ to someone
who is not actively participating in the conversation.

Here, we investigate how speakers represent a semantic
space of 11 possible pronominal referents. This space ac-
counts for three speech roles (speaker, addressee, and non-
participant other) interacting with three cardinalities (exactly
one, exactly two, and more than two).1 Fig. 1A illustrates
this space. For simplicity, we assume a single speaker, a sin-
gle addressee, and an undefined number of non-participant
others (see Maldonado & Saldana, 2022, for a detailed dis-
cussion of these assumptions), which means that the three
speech roles can be combined to form pronominal referents
of varying cardinalities.

Languages vary in how they map these pronominal ref-

1Larger spaces are possible, and indeed likely given the different
number systems found across the world’s languages.

erents to forms: some languages express all referents using
unique forms and others feature homophony, i.e. multiple
meanings expressed by a single form. For example, English
uses the pronominal form ‘we’ as long as the speaker is part
of the relevant group, whereas Mandarin uses different forms
depending on whether the group includes both speaker and
addressee (‘zánmen’) or just the speaker (‘wǒmen’). Fig.
1B illustrates the form-to-meaning mapping in the 5 differ-
ent languages considered in our current study.

Speakers may structure their representation of these 11 ref-
erents around different primitive concepts or relations be-
tween primitive concepts. Evidence from artificial language
learning experiments shows that speakers dissociate pronom-
inal referents that involve different speech roles and/or cardi-
nalities, even when these are mapped into the same form in
their native language (Maldonado & Culbertson, 2020; Lee,
2020). This suggests that some of these different speech roles
(e.g., speaker, addressee) and cardinalities (e.g., exactly two,
more than two) are treated as distinct primitives.

Importantly, speakers might also represent some referents
as more similar to others, leading to further structure, or non-
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uniformity, in their representation of the space. Fig. 1C
shows eight hypothetical representations of the pronominal
domain in terms of similarity relations between the 11 ref-
erents in the space of Fig. 1A. Each of these reflects some
representational structure based on similarity between refer-
ents, depending on which feature of the referent drives con-
ceptual similarity. For example, the ‘speaker’ representation
is one where referent similarity is driven by whether the ref-
erent includes the speaker or not (similar to the ‘speaker’ bias
proposed by Zaslavsky et al., 2021); the ‘singular’ represen-
tation encodes a difference between referents depending on
their cardinality (i.e., exactly one individual vs. more than
one individual); and so on.

Cross-language study: Conceptual similarities
between pronominal referents

Our goal in this work is to understand the structure of speak-
ers’ mental representation of the domain of pronominal ref-
erents. Specifically, we are interested in understanding (a)
whether representations of the domain are shared by all
speakers, regardless of their native language(s); and (b) how
speakers structure this semantic space.

To this end, we conducted a cross-language study based on
a successive card sorting experiment (Boster et al., 1994). In
this task, participants are given a collection of cards depict-
ing the referents of interest and are instructed to sort them
successively in two piles (see Fig. 2B). Participants are thus
forced to rely on some strategy that allows them to pair ref-
erents. The degree of similarity between any two referents in
our domain is then estimated by the likelihood of them being
sorted in the same pile.

The sorting task does not directly involve language us-
age or knowledge, thus participants’ sorting strategies can
be taken as a proxy for non-linguistic conceptual represen-
tations of the domain. In order to explore the possible impact
of native language on this representation, we included in our
study speakers of five different languages: English, Spanish,
Slovenian, Mandarin, and Vietnamese. These languages dif-
fer in their person pronominal systems, as shown in Fig. 2B.
For example, despite their differences, English, Spanish, and
Slovenian use the same pronominal form to refer to groups
that include the speaker, regardless of whether the addressee
is also included or not. This can be thought of as a specific
instantiation of a ‘speaker’ representational bias, whereby all
referents including the speaker are perceived as more similar
to each other than those that do not. In contrast, Mandarin
and Vietnamese make a clusivity distinction in their pronom-
inal system: they use different pronouns to refer to groups
that include both speaker and addressee (inclusive) or only
the speaker (exclusive).

We expect that two pronominal referents will be perceived
as more similar to each other (and thus sorted in the same
pile) as a function of: (a) overlap of primitives, and (b) rel-
ative importance/weight of the primitives. By (a), referents
that share primitives, either conversational roles (speaker, ad-

Watch the interaction Sort the cards in two piles

s s+o s+o+o

s+a s+a+o

a a+o a+o+o

o o+o o+o+o

A. B.

Figure 2: Illustration of experimental procedure. A. In the first
phase, participants watch an interaction between two characters.
B. In the second phase, participants are given cards depicting the
11 referents of interest (see Fig. 1A) and are asked to successively
sort them in two piles.

dressee, other) or cardinalities (one, two, more than two),
should be more likely to be sorted into the same pile than
those that do not. For example, a card that depicts the speaker
and a non-participant other might be perceived as more sim-
ilar to a card that depicts only the speaker than to a card that
depicts only the addressee. By (b), some primitives might
have more weight in the representation than others, such that
the similarity between referents that share those primitives
is stronger. For example, referents that include the speaker
might be perceived as more similar to each other than refer-
ents that include the addressee (see Fig. 1C for alternatives).

Methods
The preregistered design and analysis plan is accessible
here. The study was approved by the Ethics Committee of
[redacted].

Participants
A total of 812 participants, native speakers of English, Span-
ish, Slovenian, Mandarin and Vietnamese, participated in the
successive pile sorting task. Speakers of English (131), Span-
ish (131) and Slovenian (122) were recruited through Pro-
lific. Mandarin (106) and Vietnamese (356) speakers were
recruited by word of mouth with the only requirement that
they were currently living in China and Vietnam respectively.

Per our pre-registration, we excluded from the analysis par-
ticipants who: (a) in the first sorting round (when all sort-
ing criteria were available) repeatedly sorted two instances
of the same meaning (category) in two different piles; and
(b) who sorted all the cards in the same pile in the first two
rounds. Following previous work using the same methodol-
ogy (Ameel, Storms, Malt, & Sloman, 2005), we gathered
participants in each language group until we reached a re-
liability (i.e., consistency of sorting strategies within a lan-
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guage) of 0.90. Data from 370 participants were used for the
analysis (ENG=76; SPA=79; MAN=67: SLV=51: VIE=97).

Materials and Procedure
Participants were first shown four GIFs, one after the other,
depicting 5 cartoon characters of different colors (i.e., green,
red, blue, yellow and white). All GIFs displayed an inter-
action between two of these characters: one character above
whom a speech bubble appeared (acting as the speaker) and
another one who was standing close to, and directing its gaze
towards this character (acting as the addressee). The remain-
ing three characters were further away from these two, and
facing away from the interaction (acting as others). Char-
acters’ colors were randomly assigned per participant and re-
mained constant for that participant throughout the task. GIFs
varied in the relative location/placement of the characters in
the space. A static example of the GIF is provided in Fig. 2A.

After watching this interaction, participants were intro-
duced to the card sorting task. Participants were presented
with collection of cards depicting the meanings of interest
using the same characters they had seen in the GIFs (see Fig.
2B). Participants were instructed to group the cards in two
piles based on the interactions they had seen. Participants
had to sort the cards successively in a top-down manner: they
started with the whole set of cards and had to sort recursively
until they had sorted all the cards in piles of no more than 2
cards. In other words, on the first round, participants sorted
all cards into two piles. They were then shown all the cards
from one of these piles and had to sort them into two new
piles. Then they sorted all the cards from the second pile into
two piles. And so on, until the piles consisted of two or fewer
cards each. Participants were told that the piles could be dif-
ferent sizes, and that, if they did not see a way of grouping the
cards, they could also leave one pile empty (but they should
use this strategy as a last resort).

All cards depicted the 5 characters, but in each card only
some of the characters were highlighted. Highlighted char-
acters instantiate the relevant meaning. Following the space
in Fig. 1A, we tested 11 referents/meanings: s, a, o, s+a,
s+o, a+o, o+o, s+a+o, s+o+o, a+o+o and o+o+o. Given
that three characters of different colors could represent the
non-participant role (i.e. other), we generated two alterna-
tive cards for each meaning involving a non-participant other
(i.e. o, o+o, s+o, a+o, o+o, s+a+o, s+o+o, a+o+o). Partici-
pants had to thus sort a total of 18 cards (Fig. 2B shows the
11 unique referents, with non-participant others shown in a
random subset of colors).

At the end of the experiment, participants were asked to re-
port any strategy they used to perform the sorting, and to an-
swer a number of questions about their linguistic background,
including their experience with other languages besides their
native language.

Results
Recall that our goal is to assess the structure of the conceptual
representation of pronominal referents based on participants’

sorting strategies. Sorting data was thus used to compute sim-
ilarity matrices, showing the frequency with which two refer-
ents (cards) were paired together in the same pile. Fig. 3A
shows the resulting similarity matrices per language, as well
as the overall similarity matrix, aggregated across languages.

Analysis 1: Evidence for a language-independent
conceptual representation

Evidence for a representation of this conceptual space that is
independent of language comes from whether sorting strate-
gies are the same or different across the populations we
tested. In order to estimate whether participants with differ-
ent native languages relied on similar sorting strategies, we
performed a pair-wise language comparison using a split-half
technique. For each language pair, we computed the Spear-
man rank correlation between similarity matrices averaged
over random halves of the data. We repeated this procedure
10,000 times for each pair. Fig 3B shows the averaged pair-
wise correlation scores for all languages in our study. Strong
positive correlation scores reveal little variation in the simi-
larity structure as a function of participants’ native language.
Despite using different pronominal systems, each group of
participants tended to rely on similar strategies when sorting,
suggesting that the task is not influenced by experience with
a specific pronominal system. Crucially, this finding suggests
that there is a common conceptual representation of the space,
independent of the speaker’s native language. Indeed, we can
create a similarity matrix, averaged across languages (like the
one in Fig. 3A), that is, in some sense, a proxy for this shared,
language-independent representational space. Next, we wish
to further explore the structure of this representational space
and assess whether there are common underlying patterns, or
structural primitives, that appear across speakers of different
languages.

Analysis 2: Identifying structural primitives in the
representational space

To explore whether there is a dominant representational struc-
ture emerging from this task that matches the hypothetical
similarity structures shown in Fig. 1C, we use K-means clus-
tering analysis on individual participant similarity matrices.
We use 8 clusters since there are 8 possible representations
of the domain obtained by exploiting the similarity between
referents on the basis of each primitive (Fig. 1C). Fig. 3C il-
lustrates the 8 clusters obtained from applying this method to
the similarity matrices of 370 subjects. We further computed
a Spearman correlation between each cluster and each of the
eight hypothetical representations of the domain as defined
in Fig. 1C. Clusters that have a strong positive correlation
(> .80) with one of these hypothetical representations were
classified as instantiating this representation. Fig. 3C shows
the correspondence between clusters and representations, as
well as how many participants fall in that cluster (between
parentheses). Fig. 3D shows the proportion of participants in
each cluster for each of the languages tested.
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Eng Spa Slv Man Vie

Eng 0.96 0.97 0.93 0.94 

Spa 0.96 0.97 0.91 0.95

Slv 0.97 0.97 0.90 0.95

Man 0.93 0.91 0.90 0.91

Vie 0.94 0.95 0.95 0.91 

A. B.

C. D.

Figure 3: Results. A. Cross-language and language-specific similarity matrices estimated from the card sorting task. For every two referents
in the domain, the corresponding cell in the similarity matrix indicates their average similarity across participants. B. Pair-wise correlations
between the similarity matrices of different languages C. Cluster analysis of individual participants across all language yielded the eight
clusters shown here. The label assigned to each cluster corresponds to the hypothetical strategy that most strongly correlates with it (see Fig.
1C). The number of participants assigned to each cluster is indicated in parentheses. D. Proportion of participants in each cluster for each of
the languages in the study.

Notably, 7 out of the 8 clusters strongly correlate with
some hypothetical representation of the domain. This sug-
gests that most participants sort based on representations of
the domain that make use of the hypothesized primitives. Put
differently, most participants are sorting the cards on the ba-
sis of some feature of the referent, either the speech role(s)
involved or its cardinality. Even more significantly, the most
common strategy is based on whether the meaning involves
the speaker. This supports what has been sometimes called
a ‘speaker’-bias, whereby referents that include the speaker
in the conversational context are perceived as more similar
to each other than those that do not (Zaslavsky et al., 2021).
This is the most pervasive strategy both across and within lan-
guages, even for speakers of languages where the pronomi-
nal system does not exploit a speaker/non-speaker distinction,

such as Vietnamese.2

Discussion
Theories and models of categorization in language have
largely been built on the assumption of a share representa-
tional space for the domain in question. These spaces are gen-
erally designed to capture aspects of cross-linguistic variation
(and constraints on that variation). However, in most cases,
there is no evidence, other than the cross-linguistic data, for a
universal mental representation. In other words, these shared
representations are assumed without independent evidence.
Here, we aimed to test whether there exists evidence for a

2This trend does not show up when looking specifically at Man-
darin speakers, who are more uniformly distributed across Speaker,
Participant and Inclusive strategies. However, given the high cor-
relation between all the different languages, it is not entirely clear
whether dividing participants based on language in the cluster anal-
ysis is justified.
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shared, language-independent representation of person refer-
ents. We used a (non-linguistic) card sorting task to show that
speakers of different languages indeed represent the structure
of this space in similar ways. This suggests that there are at
least some aspects of the mental representation of these con-
cepts which are language-independent. This result has im-
portant implications for theories of person, as it constitutes
the first evidence, outside of language, for the idea that there
are universal constraints on pronominal systems: all humans
share ways of representing this semantic domain, even when
these structures do not immediately show up in their native
languages. Importantly, this supports the intuition that the
cross-linguistic regularities in the distribution of pronominal
systems may be at least partially determined by representa-
tional constraints or biases.

Our findings are also informative about the specific prop-
erties of these common mental representations. A closer look
into participants’ strategies in our sorting task suggest that
this domain is represented by relying on primitives such as
the ones proposed in Fig. 1A; namely, speech roles and
cardinalities. Moreover, some of these primitives seem to
have a more prominent role than others. In line with previ-
ous work (Harbour, 2016; Zwicky, 1977; Zaslavsky et al.,
2021; Maldonado & Culbertson, 2020), we find evidence for
the speaker/non-speaker distinction being the most important,
followed by the participant/non-participant distinction.

Two aspects of our findings require further discussion.
First, participants in our experiment are not consistently re-
lying on a single sorting strategy. There is a range of varia-
tion in strategies, which does not correlate with participants’
native language. How can we interpret this variability? And
does it really support the notion of a universal mental repre-
sentation? One possibility is that the way speakers structure
this domain depends on multiple biases—i.e., multiple com-
peting notions of similarly, some of which are weighted more
heavily then others. Different speakers might have different
relative weightings, and different contexts might (probabilis-
tically) elicit different weightings. But importantly, what we
have shown is that the relatively weighting is not different
for speakers of different languages. It is a further question
whether this kind of highly non-uniform representation re-
sults in a better fit to the cross-linguistic data than the stipu-
lated representation used in Zaslavsky et al. (2021). A nat-
ural next step, which we are currently exploring, is com-
paring this empirically-grounded representation with non-
empirically grounded alternatives in order to test whether it
lends a better account of the distribution of person systems.

It is also worth discussing whether the sample of languages
we have tested is sufficient to be confident in positing a kind
of universal mental representation (or set of shared represen-
tations). We tested speakers of 5 languages, which instantiate
different pronominal systems, but of course, there are many
other out there. Thus, while this is a first approximation of
what a language-independent representation would look like,
we have not included speakers of languages with pronom-

inal systems which are maximally different from each other.
An instance of a pronominal system maximally different from
e.g. English can be found in Slavey (an Athabaskan language
spoken in Canada). In Slavey, groups that involve any par-
ticipant in the conversation (speaker, addressee, or both) are
referred to by the same pronominal form. One could imagine
that the inclusion of speakers like Slavey might shift the per-
vasiveness of certain strategies. Future research should look
to replicate the task on speakers of an even broader set of lan-
guages.

Finally, in addition to providing an empirically-grounded,
language-independent representation of similarity in the do-
main of pronominal referents, this study also makes a
methodological contribution. It illustrates a method for test-
ing mental representations on language-independent grounds
which could be extended to other semantic domains with sim-
ilar characteristics, including additional cardinalities/number
systems, or the kind of meanings targeted by gender or noun
class systems.
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