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Abstract

Research on morphological marking of number across the
world’s language points to a potential asymmetry: while many
languages maintain a distinct form for the singular (as distinct
from the plural), fewer languages maintain a distinct form for
the dual, and very few distinguish trial or paucal. The pres-
ence of these patterns and their asymmetries could indicate
that morphological systems are structured around a small set
of primitives, including ONE and TWO, which are weighted
differently, i.e., one is prioritized over the other. But how
these primitives might relate to conceptual representations of
numerosity, where small numbers have also been shown to
have a privileged status, remains unclear. Further, there has
been little work exploring whether representations of small nu-
merosities might differ in their relative weight or importance
in numerical categorization tasks. Here, we report the results
from two experiments which aim to provide direct evidence
for the role of primitives for ONE and TWO in non-linguistic
and linguistic categorization. We test participants whose na-
tive languages differ in how they express number morphology
(English, Japanese, Slovenian). We find strong evidence for
a preference to treat 1 distinctly across all populations, and in
both task types. The evidence for categorizing 2 as distinct
only appears in linguistic tasks, and is generally less strong,
even in a population whose language morphologically encodes
the dual.

Keywords: morphological number; numerical cognition;
conceptual representations; linguistics

Background
Languages differ in how they categorize elements as a func-
tion of cardinality. Some languages, such as English, rely
on both number words (e.g., one, two) and number morphol-
ogy (singular vs. plural) to encode numerical distinctions.
Other languages lack a systematic morphological distinction
between singular and plural. Japanese, for example, does not
morphologically mark number in this way, yet has number
terms that allow speakers to refer to cardinalities (Nakanishi
& Tomioka, 2004). Yet other languages employ more fine-
grained number morphology relative to English. Slovenian,
for example, makes a singular–dual–plural distinction, and,
although it is much rarer, some languages, like Larike, distin-
guish singular, dual, trial, and plural (i.e., they have specific
markings for sets of two and three) (Corbett, 2000).

Importantly, there appear to be limits on such morpholog-
ical expression: no language has grammatical markers that
systematically encode exact numerosities above four (i.e., no
grammatical equivalent of an “exact five”) (Corbett, 2000).
Relatedly, some languages possess exact number terms only

for cardinalities up to four or five, with no exact terms for
larger quantities, e.g., Mundurukú (Pica et al., 2004). Cru-
cially, however, no language lacks the ability to express
smaller cardinalities altogether (Comrie, 2022).

Taken together, these cross-linguistic patterns suggest that
numerosities in the range of 1–4 may be treated linguistically
differently from larger numerosities. This distinction is also
well established in cognitive science research on numerical
representation. Studies on number recognition and naming
have shown that small and large quantities are processed dif-
ferently: small numerosities (typically 1–4) are associated
with subitizing, whereas larger quantities require counting
(Oyama et al., 1981; Trick and Pylyshyn, 1994). These dif-
ferences have been demonstrated across a number of differ-
ent tasks and populations (see Feigenson et al., 2004 for a
review).1

Developmental research on both the existence of numeri-
cal concepts and the representations associated with number
words further supports this picture. Children acquire one,
two, three, and sometimes four successively, and are only
later able to produce the corresponding cardinality to all num-
ber words (i.e., they become what is referred to as Cardi-
nal Principle-knowers, see Carey 2009 and Carey and Barner
2019 for reviews).

Linguistic theories of systems of number terms have ex-
ploited the existence of conceptual primitives for small car-
dinalities (e.g., ONE, TWO, THREE), among other factors, to
explain both cross-linguistic and developmental patterns in
numerical expression (Denić & Szymanik, 2024; Piantadosi
et al., 2012; Xu et al., 2020). However, the link between
these conceptual primitives and number morphology is less
well established. Morphological theories often rely on a re-
duced set of morphosemantic primitives that are treated as
specific to linguistic representation, and that do not map di-
rectly onto numerical primitives (e.g., Harbour, 2014). Yet
it remains possible that treating ONE, TWO, and THREE as
primitives may account not only for number terms, but also
for number morphology. This relies on appropriate assump-
tions, e.g., about whether these primitives are interpreted as
denoting exact cardinality or not, and about their mapping to

1There is some debate as to whether very young, pre-verbal in-
fants can reliably distinguish small quantities in the absence of addi-
tional cues (see Cantrell and Smith 2013 for a review), but is outside
the scope of the present study.
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forms in different linguistic domains (see Barner, 2017; Fran-
zon et al., 2019 for discussion).

An important open question concerning the primitives un-
derlying linguistic categorization of cardinality relates to po-
tential asymmetries among these representations. This is-
sue is especially relevant when relying on such primitives
to explain number morphology. Typologically, number mor-
phology displays a clear imbalance: singular–plural systems
are far more common than systems that also include dual,
which are in turn more common than systems with trial or
paucal distinctions, the latter being extremely rare (Corbett,
2000; Skirgård et al., 2023).2 This pattern suggests that if
ONE, TWO, and THREE are conceptual primitives, representa-
tionally, they may not be equally weighted. Direct evidence
that number primitives themselves are asymmetrically repre-
sented is currently lacking, beyond asymmetries observed in
typology and order of acquisition. Moreover, the nature of
these primitives remains poorly understood: While their im-
pact on linguistic systems is clear, it remains an open question
whether they are fundamentally linguistic or instead reflect
more general cognitive representations.

Following an approach analogous to that of Maldonado et
al. (2023) for primitives in the person domain, we ask whether
conceptual primitives for ONE and TWO influence categoriza-
tion in non-linguistic and linguistic tasks. Specifically, we
investigate: (a) whether categorization provides evidence for
distinct ONE and TWO primitives, insofar as stimuli corre-
sponding to these cardinalities are preferentially mapped onto
dedicated categories; (b) whether there is an asymmetry be-
tween these primitives that mirrors typological patterns—that
is, whether a bias for keeping singular distinct is more per-
vasive than a bias to keep dual distinct; (c) whether the pres-
ence and strength of these biases vary across speakers of lan-
guages with different number-morphological systems; and (d)
whether the presence and strength of these biases differ be-
tween linguistic and non-linguistic tasks.

We present the results of two experiments investigating
these questions. The first uses a non-linguistic categorization
task to test for the presence of biases to keep either singular
or dual distinct across speakers of different languages. The
second tests whether these biases are strengthened when the
categorization task involves a linguistic mapping.

Non-Linguistic categorization task
In order to tap into potential asymmetries affecting the non-
linguistic categorization of quantities, we conducted a cross-
language study using an odd-one-out task. Participants are
given three cards and must decide which one is the odd one
out. Because the task does not require mapping meanings
onto any kind of form, it provides a useful method to test

2An asymmetry between dual and trial can also be observed in
the domain of quantification and number terms. There is evidence
for a dual representational primitive, both in languages with dedi-
cated lexical items (e.g., both in English) and in languages without
such lexical items (e.g., French). There is no parallel evidence for a
trial alternative (Chemla, 2007; Jeretič et al., 2024).

non-linguistic categorization (e.g., see Crutch et al., 2009;
Landrigan & Mirman, 2018; Lupyan, 2009, for examples of
odd-one-out/oddball tasks in other domains).

To explore whether participants’ native language influ-
ences their categorization preferences, we tested speakers
of languages with different number-marking systems: En-
glish, Slovenian, and Japanese. These languages differ in
how they morphologically encode number, which may affect
the salience of particular cardinalities.3 English has a singu-
lar–plural system; Slovenian additionally marks the dual, ar-
guably involving a stronger representation of the number two;
Japanese does not consistently mark plural morphologically,
relying instead on what has been described as an associative
marker (Nakanishi & Tomioka, 2004). Comparing these three
languages therefore allows us to examine how grammatical
number systems may shape non-linguistic conceptualization
of numerical categories.

We hypothesize that, across all three populations, speak-
ers will show a tendency to distinguish one from not-one (a
singular bias) and two from not-two (a dual bias). However,
we expect the singular bias to be substantially stronger, con-
sistent with the privileged status of singular marking in num-
ber morphology across languages. This experiment was pre-
registered here.

Design and Materials
Participants were presented with three cards and asked to
select the card they believed did not belong. Each partici-
pant completed only a single such trial. Participants were in-
formed that they would later be asked to explain the strategy
underlying their choice. Each card depicted a set of avatars
differing in number and color (see Fig. 1). Colors were never
repeated across cards within a trial and were sampled from a
fixed set of distinct colors.

The experiment included three conditions, which varied in
the cardinalities displayed on the cards: 1v2v3, 1v3v5, and
2v4v6. Comparisons across these three conditions allow us
to assess asymmetries between singular and dual biases. The
contrast between 2v4v6 and 1v3v5 allows us to test the ex-
istence and relative strength of each bias. Importantly, the
distance between the three cardinalities presented is held con-
stant, and each set includes only even or only odd numbers.
The contrast between 1v3v5 and 1v2v3 is less controlled, but
provides a more direct test of the potential interaction be-
tween ONE and TWO primitives. In particular, it may help us
determine whether the singular bias is weaker when a com-
peting dual bias is present.

In all conditions, avatars were spatially arranged in dice-
like patterns, which are known to facilitate rapid recognition
of cardinalities without counting (i.e., subitizing), including
for quantities above four (Benoit et al., 2004). Cards were
randomly ordered from left to right for each participant.

3We focus on languages that differ in their morphological sys-
tems (rather than in their systems of number terms) since we are ul-
timately interested in how number representation influences number
morphology.
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Figure 1: Illustration of an odd-one-out trial in the 1v2v3 con-
dition (English)

After selecting the odd-one-out card, participants were re-
quired to provide a written explanation for their choice. At the
end of the experiment, participants completed a questionnaire
assessing the frequency with which they used their native lan-
guage. All instructions and other text were in participants’
native language.

Participants
A total of 429 participants, native speakers of English, Slove-
nian, and Japanese, took part in the odd-one-out experiment
that lasted approximately 2 minutes. English speakers (n =
119) were recruited entirely through Prolific. Due to the low
number of available speakers on Prolific, Japanese partici-
pants were recruited through both Prolific (n = 45) and Prime
Panels (n = 63). For similar reasons, Slovenian speakers were
recruited partly through Prolific (n = 94) and partly via Red-
dit groups (n = 108), specifically Slovenian-focused commu-
nities. Participants recruited trough Prolific and Prime Panels
were paid at a rate of £10 the hour. Participants recruited
through Reddit were required to complete language-check
questions at the beginning of the experiment to ensure that
they were fluent speakers of Slovenian. They were not paid
for their participation. These different recruitment strategies
resulted in the following distribution of participants across
conditions: English: [1v2v3: 38], [1v3v5: 40], [2v4v6: 41];
Slovenian: [1v2v3: 31], [1v3v5: 84], [2v4v6: 87]; Japanese:
[1v2v3: 37], [1v3v5: 35], [2v4v6: 36].

Results and Discussion
Recall that there are three experimental conditions: 1v2v3,
1v3v5, and 2v4v6. For the analysis, participants’ responses
were recoded into three quantity-based categories: S (small),
M (medium), and L (large). For example, in 1v2v3 the lowest
quantity is 1, whereas in 2v4v6 it is 2. Fig. 2 shows the pro-
portion of participants in each language group and condition
who selected each category.

We aim to determine whether the smallest quantity cate-
gory (S) is selected more frequently than the other two op-
tions (M and L) when the smallest value is 1 (in conditions
1v3v5 and 1v2v3) than when it is 2 (2v4v6). Such a result
would be consistent with a stronger singular bias. We also ex-
amine whether this pattern holds independently of language.

To analyze the data, we fit a Bayesian multicategorical

Figure 2: Proportion choice of the small (S), medium (M),
and large (L) cardinality as odd-one-out across conditions and
language groups. The numbers above the bars indicate the
absolute frequencies corresponding to the percentages.

model using brms (Bürkner, 2017) predicting the probabil-
ity of selecting each response category (S, M, and L) as a
function of Condition (1v3v5, 1v2v3, 2v4v6) and Language
(English, Slovenian, Japanese). The model treated S as the
baseline category, and all comparisons are done with respect
to L. Both Condition and Language were treatment-coded,
with 1v3v5 and English serving as the baseline levels. No
random effects were included, as each participant contributed
only a single trial. We specified flat priors for the intercept
and Student-t prior (DF = 3, µ = 0, σ = 2.5) for the fixed ef-
fects. We report model estimates whenever there is evidence
for a difference.

Model results show that, in Condition 1v3v5 in English, the
log-odds of choosing either M or L are substantially lower
than those of choosing S (M vs. S: β = −2.23, SE = 0.54,
95% CI [−3.17,−1.38], P(β < 0) = 1; L vs. S: β = −3.07,
SE = 0.83, 95% CI [−4.55,−1.92], P(β < 0) = 1). No reli-
able differences were observed between English, Slovenian,
and Japanese. These results indicate that, across all three lan-
guages, participants preferentially selected 1 as the odd-one-
out relative to 3 and 5. This is consistent with a singular bias
across all groups.

In Condition 2v4v6 in English, the log-odds of choosing S
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relative to both M and L decrease substantially compared to
1v3v5 (M vs. S: β = 1.51, SE = 0.69, 95% CI [0.40,2.67],
P(β > 0) = .98; L vs. S: β = 2.82, SE = 0.90, 95% CI
[1.50,4.41], P(β > 0) = 1). No differences were observed be-
tween English, Slovenian, and Japanese. This indicates that,
in Condition 2v4v6, participants in all three language groups
behave differently when the smallest available number is 2
rather than 1; they do not exhibit the same bias toward select-
ing 2 as the odd-one-out in 2v4v6 as they do toward selecting
1 in 1v3v5. To further assess this pattern, we refit the model
using an alternative contrast coding that directly compared
the three response categories within Condition 2v4v6; this
analysis revealed no reliable preference for S over either M
or L in this condition (i.e., no evidence for a dual bias). This
interpretation is supported by the qualitative responses col-
lected at the end of the experiment, in which participants re-
ported the strategies they used to choose the odd one out. Re-
ported strategies ranged from “fewer avatars”, “many”, and
“middle”, to “random,” as well as other strategies that do not
express precise cardinalities. Taken together, these responses
suggest that TWO may not consistently stand out as a concep-
tual primitive relative to other cardinalities.

Finally, in the English 1v2v3 condition, there is evidence
for a higher probability of choosing M over S (i.e., selecting
2 rather than 1 as the odd-one-out) relative to the 1v3v5 con-
dition, but little evidence for a difference between L and S (M
vs. S: β = 1.17, SE = 0.68, 95% CI [0.10,2.31], P(β > 0) =
.96; L vs. S: β = 1.13, SE = 0.99, 95% CI [−0.40,2.87],
P(β > 0) = .88). Once again, no evidence for differences
across languages was observed. These results indicate that
participants are more likely to select 2 as the odd-one-out in
1v2v3 than they are to select 3 in 1v3v5. Still, after refitting
to compare S, M, and L within 1v2v3, the model indicates
that 1 (S) is still much more likely to be chosen as the odd-
one-out than either 2 (M) or 3 (L) (P(β < 0) = 1). A closer
examination of participants’ qualitative description of their
strategies at the end of the experiment suggests that the slight
increase in 2 responses in Condition 1v2v3 is related to prop-
erties other than primitives, such as the odd–even contrast.

To summarize, as predicted, we find evidence for a singu-
lar bias shared across languages: speakers of different lan-
guages appear to use ONE as a salient reference point (or
primitive) for categorizing cardinalities. This bias is observed
in both the 1v3v5 and 1v2v3 conditions, although it is weaker
in the latter. Crucially, we find little evidence for a strategy
that reliably distinguishes 2 from quantities greater than 2,
suggesting that participants may not represent TWO in a way
fully analogous to their representation of ONE. Importantly,
this pattern also appears to hold for speakers of Slovenian, a
language that grammatically encodes dual number.

We next ask whether this singular bias has the same
strength in a linguistic task. Here, one might expect that
speakers of languages with a grammatical representation of
duality (like Slovenian speakers) might also show a prefer-
ence for treating 2 differently from quantities greater than 2

(i.e., a dual bias).

Linguistic categorization task
In the odd-one-out task, we found evidence only for a singu-
lar bias. This raises the question of whether a dual bias might
emerge more clearly in a task that explicitly engages linguis-
tic representations. This is an interesting question as it might
suggest a domain-specific representation for the TWO prim-
itive. We hypothesized that mapping numerosities to suffix-
like labels could encourage participants to rely on linguistic
representations. The one-shot design of the task remained the
same, but we only target conditions 1v3v5 and 2v4v6, and
English and Slovenian speakers.

Because Slovenian has grammatical dual and English does
not, one possible prediction is that both groups would show
a singular bias in the 1v3v5 condition, but only Slovenians
would show a dual bias in the 2v4v6 condition. Specifically,
both groups should be most likely to treat 1 as distinct from 3
and 5, while only Slovenians should be more likely to treat 2
as distinct from 4 and 6. This would be consistent with pre-
vious developmental results showing that Slovenian speakers
process duality different form English speakers (Almoammer
et al., 2013). If, instead, a dual bias plays a role even in lan-
guages that do not morphologically express duality (as has
been explored in Jeretič et al., 2024), we would expect to
observe a dual bias in both languages, but only in this task,
which explicitly engages linguistic abilities. The experiment
was pre-registered here.

Participants
100 native English speakers and 65 Slovenian speakers were
recruited via Prolific. The experiment lasted approximately 2
minutes, and all participants were paid at a rate of £10/hour.
Condition assignment was random and resulted in the fol-
lowing distribution of participants: English: [1v3v5: 50],
[2v4v6: 50]; Slovenian: [1v3v5: 37], [2v4v6: 28].

Design and Materials
Participants were presented with three images, each depict-
ing a different number of avatars. Two images were pre-
sented with a label underneath, and the third was unlabeled
(see Fig. 3). Participants were asked to choose which of the
two available labels they would assign to the unlabeled im-
age. Each participant completed only a single trial. Partici-
pants were informed that they would later be asked to explain
the strategy underlying their choice. In a debriefing question-
naire at the end of the experiment, participants were asked to
explain how they chose the label for the unlabeled meaning.

The experiment had two conditions: 1v3v5 and 2v4v6. As
in the odd-one-out experiment, conditions differed in the car-
dinalities displayed on the cards. In both conditions, the un-
labeled image corresponded to the intermediate cardinality
(i.e., 3 in the 1v3v5 condition and 4 in the 2v4v6 condition).
The design is closely related to the odd-one-out task, but dif-
fers in that discontinuous groupings were not allowed. That
is, in contrast to the non-linguistic odd-one-out experiment,
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Figure 3: Illustration of a labeling trial in the 2v4v6 condition
(English).

we did not allow participants to linguistically group the small
and large numerosities.4

Images were identical to those used in the previous odd-
one-out experiment, and for each participant were presented
in random order on the screen. Labels were constructed from
a single root lur combined with either a suffix (-vi, -sa, or
-gu). Stems and suffixes were selected to ensure they do
not form existing words in either English or Slovenian. In
Slovenian, dual and plural markers depend on noun class
and gender. While none of our suffixes have a one-to-one
correspondence with specific Slovenian markers, the vow-
els -a and -i are involved in dual or plural marking for cer-
tain classes—for example, stol–stola–stoli (‘chair’) and hiša–
hiši–hiše (‘house’). To ensure that no systematic bias was in-
troduced by these forms, suffixes were randomly assigned to
participants.

The same labels were used for both language populations,
all instructions and other text were in participants’ native lan-
guage.

Results and discussion
Recall that participants had to choose whether to keep a
distinct label for the smaller or the larger cardinality, with
conditions varying in which cardinalities were presented.
We coded responses as small-distinct and large-distinct. In
the 1v3v5 condition, small-distinct responses are compatible
with a singular bias, and in the 2v4v6 condition, with a dual
bias. Fig. 2 shows the proportion of participants who kept a
distinct label for the smaller versus the larger cardinality, by
condition and language.

We fit a Bayesian binomial model predicting the proba-
bility of a small-distinct response as a function of Condition
(1v3v5, 2v4v6) and Language (English, Slovenian). Condi-
tion and Language were treatment-coded, with 1v3v5 and En-
glish as baseline levels. No random effects were included, as
each participant contributed only a single trial. We specified
a Student-t prior (df = 6, µ = 0, σ = 1.5) for the intercept and
fixed effects.

4This would be a highly unusual grouping choice single non-
contiguous categories would be grouped, see Lee (2020) for further
evidence that such a grouping is dispreferred in a number morphol-
ogy learning task.

Figure 4: Proportion of participants keeping a distinct label
for the small numerosity and for the large numerosity across
conditions and languages.

For the baseline condition (1v3v5, English), the posterior
distribution indicates a higher probability of small-distinct
than large-distinct responses (intercept = 1.33, SE = 0.3,
95% CI [0.7,1.9], P(β > 0) = 1). There is little evidence for
a difference between English and Slovenian speakers in this
condition (P(β> 0) = 0.4). This reveals that speakers of both
languages prefer to maintain a distinct label for 1 and another
label for quantities greater than 1, consistent with a singu-
lar–plural categorization. This preference is also reflected in
what participants report in the debriefing questionnaire at the
end of the experiment.

In the 2v4v6 Condition, the estimated log-odds of small-
distinct decreases relative to the baseline (β = −0.7, SE
= 0.4, 95% CI [−1.5,0.1]), with most posterior mass below
zero (P(β < 0) = 0.96). This indicates that participants in
Condition 2v4v6 tend to maintain a distinct label for 2 less
often than participants in Condition 1v3v5 do for 1. In other
words, the dual bias appears weaker than the singular bias.
The interaction between Condition and Language is centered
near zero (P(β > 0) = 0.59), suggesting little evidence that
the effect of condition differs by language. Thus, Slovenian
speakers do not appear to show a stronger dual bias in this
task than English speakers, despite having grammatical dual
marking.

To evaluate evidence for a dual bias within each language,
we re-ran the model using the 2v4v6 English condition as
the baseline. The posterior still favors small-distinct re-
sponses (intercept = 0.6, SE = 0.29, 95% CI [0.05,1.18],
P(β > 0) = 1), again with little evidence for a language dif-
ference. This suggests that, although weaker than the singular
bias observed in Condition 1v3v5, there is evidence for a dual
bias in Condition 2v4v6 that appears across languages.

General Discussion
We investigated the role of the number primitives/concepts
ONE and TWO across two categorization tasks: one non-
linguistic and the other involving mapping of linguistic forms
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to meanings. In particular, we asked whether there is
an asymmetry in how these concepts are represented, and
whether such an asymmetry plays a role in categorization
across these two distinct tasks. We also asked whether pat-
terns of behavior were distinct across groups of speakers
whose native language differs in how number is morphologi-
cally marked: English (singular-plural distinction), Slovenian
(singular-dual-plural), Japanese (no morphological marking
of number, associative marking only).

This work constitutes a first step toward understanding the
role these primitives may play in the linguistic categoriza-
tion of cardinalities, including morphological number. Typo-
logical patterns in morphological number reveal clear asym-
metries: the singular–plural distinction—arguably built on
a ONE primitive—is far more widespread than the singu-
lar–dual–plural distinction, which involves a TWO primitive.

We first employed a non-linguistic odd-one-out task, based
on the assumption that these number concepts, and the bi-
ases they may give rise to, could manifest even in the ab-
sence of language. Evidence of such effects would suggest
that these concepts are not exclusively linguistic in nature.
We tested speakers of different languages under the assump-
tion that these primitives should influence performance even
for speakers whose languages do not grammatically encode
them. We found evidence for a singular bias in this task: par-
ticipants tended to categorize cards depicting a cardinality of
one as belonging to a different category than cards depict-
ing other cardinalities, even when all cardinalities were small
(Condition 1v2v3), and across different ratio structures. This
pattern was observed across languages, including Japanese,
which does not have a singular-plural productive distinction.
In this experiment, however, we found no clear evidence for
a dual bias: a TWO primitive didn’t seem to be influencing
categorization behavior.

We then adapted our odd-one-out design so that it included
a labeling task in order to test whether a dual bias might
emerge when language is involved. Such a bias might be ex-
pected to appear more clearly in speakers of languages that
grammatically encode dual number, such as Slovenian (see
Almoammer et al., 2013). In this labeling experiment, we
once again found evidence for a singular bias: participants
tended to maintain a separate label for ONE and another label
for NOT-ONE, and often described their strategy as marking
a singular–plural distinction. We also found evidence for a
weaker dual bias. Participants were more likely to maintain
one distinct label for TWO and another for quantities greater
than TWO than to group 2 and 4 together and contrast them
with 6.

Crucially, we found no quantitative differences between
English and Slovenian, suggesting that both populations ex-
hibit similar biases in the linguistic task, despite only one of
the languages having systematic grammatical dual marking.

Our results are consistent with the idea that conceptual
primitives involved in representing numerosities may not be
weighted equally (i.e., ONE is weighted more than TWO).

That conceptual primitives might carry different weights has
also been shown in other domains relevant to morphology.
For example, in the domain of person, Maldonado et al.
(2023) use a non-linguistic card sorting task to show that par-
ticipants tend to sort cards involving the speaker (in a previ-
ously shown interaction) together. In other words, cards with
the speaker were treated as more similar to each other than
cards with other speech act participants (e.g., the addressee
and others). This is consistent with the idea that a SPEAKER
primitive is more heavily weighted, or carries more impor-
tance, compared to other primitives, like ADDRESSEE. Nev-
ertheless, some important caveats remaining around the in-
terpretation of our results, which point to clear directions for
future research.

First, although the quantitative results do not differ across
languages, there are notable differences in participants’ qual-
itative reports. Most Slovenian speakers explicitly described
making a TWO vs. MORE-THAN-TWO distinction in the
2v4v6 condition. By contrast, most English speakers did not,
instead referring to color-based or arrangement-based strate-
gies. Incidentally, this suggests that English participants are
not taking the labels to pick up cardinalities, unlike Slovenian
participants.

Second, the Slovenian sample is relatively small, which
may limit statistical power. A larger sample might yield
stronger effects for this group. Moreover, Slovenian speakers
recruited via Prolific may not all speak varieties with the most
systematic use of the dual (e.g., Central Slovenian). This fac-
tor was not controlled for in the present study and should be
addressed in future work. As a result, some Slovenian partic-
ipants may not differ substantially from English speakers in
their linguistic behavior.

Nevertheless, it is striking that a dual-like pattern emerges
even for English speakers. This raises the question of whether
English may nevertheless exhibit a form of dual bias, or re-
flect a TWO primitive within its linguistic system, as observed
above. Indeed, English quantifiers such as both or either
specifically select for sets of cardinality 2, suggesting that the
concept TWO operates somehow productively in the language
(in a way that other numerosities do not). Alternatively, En-
glish speakers might be sensitive to other linguistically rele-
vant distinctions with vague thresholds, such as the quantifi-
cational contrast between few and many; in the context of this
experiment, this distinction may simply happen to align with
the 2 vs. 4/6 contrast. A potential follow-up study manipu-
lating the distance between numerosities might be able to test
this possibility.

Note, however, that our results indicate that when the task
is non-linguistic, there is little evidence for a dual bias across
all three language populations tested. Such a bias may thus
be primarily linguistic in nature, or considerably weaker out-
side of language. Our results do not provide direct evidence
for a conceptual primitive for TWO (differing from Jeretič et
al., 2024). Future research should examine additional lan-
guages with different number systems to determine whether
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this asymmetry is robust and whether it can help explain the
typological asymmetry observed in morphological number
systems.
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R., O’Donnell, T., & Barner, D. (2013). Grammatical mor-
phology as a source of early number word meanings. Pro-
ceedings of the National Academy of Sciences, 110(46),
18448–18453.

Barner, D. (2017). Language, procedures, and the non-
perceptual origin of number word meanings. Journal of
child language, 44(3), 553–590.

Benoit, L., Lehalle, H., & Jouen, F. (2004). Do young chil-
dren acquire number words through subitizing or counting?
Cognitive development, 19(3), 291–307.

Bürkner, P.-C. (2017). Brms: An r package for bayesian mul-
tilevel models using stan. Journal of statistical software,
80, 1–28.

Cantrell, L., & Smith, L. B. (2013). Open questions and a pro-
posal: A critical review of the evidence on infant numerical
abilities. Cognition, 128(3), 331–352.

Carey, S. (2009). Where our number concepts come from.
The Journal of philosophy, 106(4), 220.

Carey, S., & Barner, D. (2019). Ontogenetic origins of hu-
man integer representations. Trends in cognitive sciences,
23(10), 823–835.

Chemla, E. (2007). French both: A gap in the theory of an-
tipresupposition. Snippets, 15, 4–5.

Comrie, B. (2022). The arithmetic of natural language: To-
ward a typology of numeral systems. Macrolinguistics,
10(1), 1–35.

Corbett, G. G. (2000). Number. Cambridge University Press.
Crutch, S. J., Connell, S., & Warrington, E. K. (2009).

The different representational frameworks underpinning
abstract and concrete knowledge: Evidence from odd-one-
out judgements. Quarterly journal of experimental psy-
chology, 62(7), 1377–1390.
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