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Word learning is characterized by a bias for mapping meanings at the “basic” level (‘dog’), as opposed to a
subordinate level (‘poodle’; Markman, 1986, 1990; Clark, 1987; Waxman et al., 1991, 1997). The fact that
learners nevertheless acquire subordinate nouns has been attributed to properties of the referential world across
multiple labelling events (e.g., Xu & Tanenbaum, 2007b; Spencer et al., 2011). Here we propose that the
acquisition of subordinate-level meanings requires pragmatic reasoning that allows learners to take informative
relevant alternatives into consideration. In support of this hypothesis, in a series of experiments we find that
adult learners exploit information about semantic alternatives to generalize word meanings beyond the basic
level. In Experiment 1, the introduction of a labelled alternative at the subordinate level eliminated the basic-
level bias. In Experiment 2, this effect was found to be specific to labelled but not unlabeled alternatives. In
Experiment 3, the availability of alternatives affected conjectures about subordinate-level word meanings even
when these alternatives were presented well after the initial moment of ostensive labeling. Lastly, Experiment 4
replicated the semantic contrast effect using exclusively novel language input, highlighting the general
communicative nature of these inferences. We conclude that the acquisition of subordinate nouns relies on
pragmatic inferences about the informativity of labels as intentional linguistic-pragmatic acts, as opposed to

simple word-to-world co-occurrences.

Introduction
Learning subordinate nouns

Word learning is a challenging task, in part because words do not just
map onto objects and events that exist in the world but rather invoke
specific meanings that the speaker intends to convey in the moment. A
major aspect of word learning involves identifying the level of specificity
encoded by word meanings. This is especially relevant for word mean-
ings that enter into a subset-superset relationship, such as ‘dog’ vs.
‘poodle’: these meanings differ in specificity (‘poodle’ is more specific
than ‘dog’) but are difficult to disambiguate using evidence from the
referential world alone (Quine, 1960). Research suggests that young
learners show a bias for mapping novel nouns to the so-called “basic™-
level meaning (‘dog’), as opposed to the narrower, subordinate-level
meaning (‘poodle’; Markman, 1984, 1990). The tendency to map
novel words to basic-level meanings can be so strong that it even hinders
the classification of a subordinate-level category when it is labelled,
compared to when no labels are presented at all (Waxman, 1990).
Despite these challenges, learners must eventually overcome the strong

basic-level bias to acquire labels for subordinate-level categories.

How do learners manage to acquire subordinate nouns from their
input over the course of language development? Early work highlighted
the role of structured linguistic support that “anchors” the basic-level
category as the relevant semantic domain, after which the
subordinate-level distinction is explicitly introduced (e.g., “This is a dog.
It is a terrier”; Shipley & Kuhn, 1983; Blewitt, 1983; Callanan, 1985).
Waxman and colleagues (Waxman et al., 1991, 1997, among others)
have also shown that this ability for basic-level categories to serve as an
anchor for inferences about novel exemplars has direct implications for
the acquisition of subordinate-level categories in experimental settings.
In Waxman et al. (1997), preschool-age children were presented with an
exemplar from a familiar basic-level category (‘dog’) paired with a novel
label (“nooc™), accompanied by a short description. When the exemplar
was described with an enduring and generalizable attribute which
explicitly contrasted with that of the broader category (e.g., “Noocs help
us pull sled, not help us find birds™), children overwhelmingly arrived at
a subordinate-level meaning for the novel label. This inference was
absent when the attribute was not contrastive or was merely incidental
(e.g., “They just took a bubble bath”), suggesting that children can use
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semantic contrast to generalize to the subordinate-level when they are
encouraged to focus on the relevant, defining distinctions.

Other studies have shown that children can integrate such cues with
additional evidence from conventions in linguistic form, such that they
are even more eager to assign a subordinate-level meaning to compound
nouns than simple nouns when presented in the same anchoring context,
exploiting the pattern that compound nouns are often used to express
subordination (Gelman et al., 1989; Clark, 1992). More generally, the
morphological characteristics of basic- and subordinate-level terms
reveal how a language encodes contrast between subcategories within a
conceptual domain (Cruse, 1986; Lyons, 1977), and this gives rise to
crosslinguistic differences in how children produce and understand
linguistic cues to subordination. For example, Clark and Berman (1984,
1987) find that both English- and Hebrew-speaking children as young as
two years of age understand compound nouns as consisting of a head
that selects the (basic level) category and a modifier that encodes a
restrictive and contrastive information (cf. Dalmatian-dog in English).
However, Hebrew-speaking children produce novel compounds at a
later age due to the availability of other linguistic devices to express
subordinate-level contrast such as affixation, which is also the preferred
form for adult speakers of the language (Berman & Clark, 1989).

Even though carefully designed linguistic support can provide a
helpful cue for subordination, others have argued that it is not necessary
to rely on such richness of input in child-directed speech as the primary
mechanism for the acquisition of subordinate nouns. Instead, it has been
proposed that attending to the physical circumstances of a referent’s
presentation in the perceptual world (e.g., Spencer et al., 2011; Jenkins
et al., 2015, 2021) or to the distribution of label-referent pairings in the
input (e.g., Xu & Tenenbaum, 2007a, 2007b; Lewis & Frank, 2016,
2018) is sufficient for the learner to shift away from the basic-level
hypothesis for a word’s meaning, especially when the evidence accu-
mulates across situations. For example, one class of accounts proposes
that the acquisition of subordinate nouns can be captured largely via
bottom-up perceptual and memory mechanisms, without needing to
invoke rational processes (Spencer et al., 2011; Jenkins et al., 2015,
2021). Under this view, objects are construed at the basic or subordinate
level via the style in which they are presented (i.e., circumstances of
observation). For example, if three dalmatians are presented to the
learner simultaneously with each labelled “fep,” the close proximity of
exemplars invites discrimination and enhances memory for fine-grained
features that are shared (e.g., black spots); these happen to be the fea-
tures that define a dalmatian, resulting in a subordinate-level interpre-
tation of “fep” as meaning ‘dalmatian.” However, if the same three
dalmatians are presented sequentially across space and time, the most
detailed features decay and learners are only able to maintain a coarse-
grained category defined by the more “global” features (e.g., has a tail
and four legs); these happen to be the features that define the basic-level
category ‘dog.” In this sense, it is the referential world which presents
objects at the subordinate- and basic-level, and the task of the child is to
discover the dalmatian-ness and dog-ness of exemplars from the world
via a largely bottom-up strategy.

A second class of accounts building on Bayesian models of word
learning (e.g., Frank et al., 2009) capitalize on the sheer number of
examples for acquiring subordinate-level meanings through a mecha-
nism of rational inference over sampling processes. This is formalized in
the so-called size principle (Tenenbaum, 1999), which assigns the highest
probability to the most restrictive hypothesis that is consistent with the
data, which becomes increasingly more likely with more data. For a
learner, a bigger category (like the basic-level category ‘dog’) is more
likely to be used for any referential expression a priori due to its larger
size in the conceptual space, so it is assigned a higher prior than a nar-
rower category (like the subordinate-level category ‘dalmatian’) which
is consistent with a smaller subset. But for the same reason, the likelihood
of repeatedly observing exemplars consistent with a narrower
subordinate-level meaning (e.g., ‘dalmatian’) is much greater when
assuming the subordinate-level meaning rather than the basic-level

meaning. Thus, when learners encounter multiple exemplars consis-
tent with a subordinate-level meaning, they capitalize on the “suspicious
coincidence” of that arrangement to infer that the word most likely
means the subordinate-level category as opposed to the basic-level
category (Xu & Tenenbaum, 2007b; Lewis & Frank, 2018). In this
way, the model formalizes a kind of rational inference over a conceptual
space of possible word meanings, given the data.

Despite their differences, both the bottom-up and the suspicious
coincidence kinds of accounts treat exemplars with a target (subordi-
nate) label as the fundamental unit of evidence for the learner: what
matters for the acquisition of subordinate nouns is the number of such
labelled exemplars, their distribution, presentation style and so on.
However, this premise has recently been challenged by reports that the
basic-level bias can be strongly modulated by the presence of other ex-
emplars in the task. In a series of cross-situational word learning ex-
periments, Wang and Trueswell (2019, 2022) found that adults and
three-to-five-year-old children overwhelmingly generalized the mean-
ing of a novel label to the basic-level exemplars (‘dogs’) even when the
label exclusively co-occurred with exemplars consistent with a narrower
subordinate-level meaning (e.g., ‘dalmatians’). Instead, the crucial
determinant for subordinate-level generalizations was the simultaneous
learning of a second label when that label was paired with other mem-
bers from the same basic-level category (e.g., non-dalmatian dogs).
Critically, this effect disappeared when the second label was paired with
members from a different basic-level category (e.g., birds), suggesting
that learners generate task-specific inferences about which category
levels are being highlighted in an ostensive labelling event, indepen-
dently of the information about the distribution of the target label. In
other words, there appears to be a strong contribution of other exem-
plars even in low-context, cross-situational word learning paradigms.
Therefore, understanding the acquisition of subordinate nouns requires
explanations beyond the number of exemplars, the spatiotemporal dy-
namics of the learning event, and the like.

The acquisition of subordinate nouns as a pragmatic puzzle

This paper begins with the assumption that learners make prag-
matically driven inferences about the hypothesis space over which
possible word meanings are proposed and evaluated (for a review of the
evidence, see Grigoroglou & Papafragou, 2021). Within this context, we
view the acquisition of subordinate nouns as posing a specific kind of
pragmatic puzzle. Unlike accounts that frame the acquisition of
subordinate-level nouns as a question of how various cues apparent in
the physical world interact and converge on a specific concept, we ask
under what discourse contexts learners expect to hear a label with a
narrower meaning. We propose that the crucial task for the learner is to
discover the intended level of informativity that is assumed in the
labelling event (Grice, 1975; Clark, 2017). Under this framing, the
meaningful difference between basic- and subordinate-level categories
is not in the inherent size of the area that they carve up in the conceptual
space. Rather, the distribution of basic- and subordinate-level labels is
primarily governed by speaker intent, which makes it first and foremost
a linguistic-pragmatic act.

When the situation presents many choices for labelling a referent, a
label for a narrower category (e.g., the subordinate-level category) is
typically the more informative one (Murphy & Brownell, 1985; Rosch,
1978). Yet basic-level meanings are by definition preferred across many
contexts of use, perhaps because — other things being equal — they are
informative enough to satisfy the needs of a generic addressee (Brown &
Dell, 1987; Lockridge & Brennan, 2002; Grigoroglou & Papafragou,
2019a, 2019b). For such word meaning conjectures that enter into a
subset-superset relationship, a subordinate meaning is only recognizable
when the learner needs to consider a more informative (and crucially,
relevant) level of describing a referent (versus the basic-level alterna-
tive). Thus, we predict that the acquisition of subordinate nouns should
benefit from contexts that highlight the relevance of being more
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informative than usual. This is where contrast can help: the choice of a
contrastive label can invoke a more restricted alternative set and indi-
rectly point to otherwise less accessible subordinate-level categories and
away from more accessible basic-level categories. Even though not
typically studied in the context of pragmatic theory, both the classic
finding that prior mention of the basic-level term anchors and promotes
a subordinate alternative (Gelman et al., 1989; Waxman et al., 1991,
1997) and the more recent finding that the presence of semantic alter-
natives in cross-situational learning modulates the strength of the basic-
level bias (Wang & Trueswell, 2019, 2022) can be understood as
addressing this common task of identifying the relevant level of infor-
mativeness within a semantic domain with respect to which the utter-
ance is to be interpreted.

The general idea that contrast facilitates conjectures at the
subordinate-level is, of course, not new, given the known role of contrast
in language acquisition (Markman, 1984, 1990; Clark, 1987, 1988,
1990). For example, Clark’s (1987, p.2) Principle of Contrast states that
“any difference in form in a language marks a difference in meaning,”
and has been proposed as the driving force allowing learners to discover
new mappings between concept and form, for learning word meanings
and beyond. The role of alternatives in facilitating inferences that are
normally difficult to access has also been extensively explored in the
scalar implicature literature. For example, we find a striking parallel to
the study of young children’s difficulty with generating the pragmatic
interpretation of “some” as meaning ‘some but not all’ (Noveck, 2001;
Papafragou & Musolino, 2003; among others). This difficulty has
sometimes been argued to reflect children’s limitations in processing
(Guasti et al., 2005; Tieu et al., 2015), similar to how the task of learning
subordinate-level categories has been treated by some in the literature
on word learning (e.g., Ross & Murphy, 1996; Sloutsky et al., 2007;
Sloutsky, 2010). For present purposes, we note that, when the stronger
alternative “all” was introduced in a prior context, children were more
successful in generating the pragmatic ‘not-all’ interpretation of “some”
— but only when that alternative was relevant for the purpose of the
conversation (Skordos & Papafragou, 2016; cf. Barner et al., 2011).
Furthermore, children arrived at the ‘not-all’ interpretation of “some”
even when previously exposed to “none” (instead of “all”; Skordos &
Papafragou, 2016), further suggesting that establishing the relevance of
the appropriate scale, not necessarily the accessibility of a particular
stronger alternative, is key to computing scalar implicatures. In other
words, despite the fact that “none” itself was not intended as an actual
alternative of “some” in the scene, it nevertheless constrained children’s
search for the intended meaning of “some” by making quantification
expressions salient alternatives within the discourse context. Relatedly,
older children have been shown to even integrate evidence about the
epistemic state of a speaker to make such inferences, by reasoning about
the informational strength of a statement given a speaker’s possibly
limited knowledge state (Kampa & Papafragou, 2020; Papafragou,
Friedberg, & Cohen, 2018).

In the present study, we explicitly set out to investigate the acqui-
sition of novel subordinate nouns as a pragmatic task. Our goal is to go
beyond previous cross-situational word learning research on the acqui-
sition of subordinate nouns, where the role of pragmatic inference was
not explored systematically. To do so, we devise new tasks to investigate
the role, limits, and potency of semantic contrast in adult learners’ basic-
vs. subordinate-level generalization of novel words from single learning
trials. We posit that a communicative act gives evidence for the meaning
of a word, because it affords the learner some insights about the infor-
mativity encoded in the word (depending on whether a speaker’s intent
is to be more specific as reflected in their choice of a subordinate-level
noun, as opposed to the basic-level lexical alternative).

In four word learning experiments, we raise and test three inter-
locking predictions of the above pragmatic position. First, we predict
that the presence of a semantic alternative at the subordinate-level
should facilitate subordinate-level conjectures for a target label
(assuming that the presence of the alternative makes it clear that the

more informative, subordinate-level categories are relevant to the task).
Accordingly, Experiment 1 asks whether the rate of basic-level gener-
alizations for an ostensive target label (e.g., “mipen” paired with a red
apple) decreases if the target is immediately followed by a labelled se-
mantic alternative at the subordinate level (e.g., “kalmick” paired with a
green apple). Second, we hypothesize that this effect of contrast should
be primarily linguistic, as opposed to merely conceptual (see also Clark,
1987, 1988, 1990). Accordingly, Experiment 2 asks whether the effect of
contrast is stronger when the alternative is labelled rather than simply
present but unlabelled. Third, we predict that these inferences about
contrast and alternative sets need not be limited to the introduction of
labelled referents in ostensive contexts; a word meaning conjecture can
be revised and updated outside of the “official” point of referent intro-
duction, if the learner discovers the speaker’s intent to be more specific
in the use of the word. Thus, Experiment 3 explores whether the use of a
word beyond ostensive labeling statements can be construed as addi-
tional evidence for (the specificity of) its meaning. Lastly, Experiment 4
replicates the semantic contrast effect under input from an unfamiliar
language, which more closely mimics the natural circumstances of early
word learning. In concluding, we consider alternative interpretations of
our findings and discuss the implications of our data for word learning
more broadly.

Experiment 1
Participants

Fifty-three English-speaking adults participated in Experiment 1.
Sample size was informed by prior experiments measuring the basic-
level bias using the grid paradigm (around 50 in Spencer et al., 2011,
Lewis & Frank, 2018, and Wang & Trueswell, 2022). Participants were
recruited from the undergraduate subject pool at the University of
Pennsylvania (n = 26) and on Prolific (n = 27), a platform for online
subject recruitment.’ The experiment was hosted and conducted online
via PCIbex (Zehr and Schwarz, 2018).

Materials and procedure

To study learners’ generalization of word meanings, we adopted the
test-grid paradigm (also called the Immediate Generalization Paradigm;
Caplan, 2022), a standard experimental design in the literature on the
acquisition of subordinate nouns (Xu & Tenenbaum, 2007b; Spencer
et al., 2011; Jenkins et al., 2015; Lewis & Frank, 2016, 2018; Wang &
Trueswell, 2019; among others). In this task, learners are given an un-
ambiguous referent-label mapping as an opportunity to learn a target
label, after which they are presented with an array of images (presented
simultaneously, often in a grid layout) and asked to select all images that
match the label. The makeup of the set of images used at test is such that
the previously observed referent is simultaneously a member of multiple
hierarchical categories (often at the subordinate, basic, and superordi-
nate levels). Thus, the choice of selection at test can reveal which spe-
cific meaning the learner generalized the meaning of the novel label to.

In Experiment 1, we used the test-grid paradigm to probe word
meaning generalizations from a single exposure to a label. There were
ten trials: eight critical trials and two catch trials which tested for
attention and color vision deficiency. The eight critical trials involved
novel words from eight superordinate-level domains (e.g., fruits, ani-
mals, vehicles, etc.), and all words were taught once using a single image
of the referent.

Each trial was divided into the learning phase and the testing phase.
Images from eight distinct “semantic domains” (i.e., superordinate-level
categories) corresponding to each critical trial were prepared. The do-
mains were balanced in the number of natural (e.g., fruits) and artifact

1 Later comparisons showed that data from the two groups were identical.



J. Choe and A. Papafragou

Look, this is a mipen!

Do you see the mipen?

And look, this is a kalmick!
Do you see the kalmick?

Fig. 1. Presentation of the target (red apple, “mipen”, top panel) and the
alternative (green apple, “kalmick”, bottom panel) in the learning phase of the
Contrast condition in Experiment 1. In the No Contrast condition, only the target
was shown and labelled, as in the top panel. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the web version of
this article.)

(e.g., cars) kinds. For each domain, a total of fourteen images of single
exemplars were created. Twelve of these images (all set against a
naturally occurring background) were used in the testing phase: two
were from the target subordinate category (e.g., red apples), two from an
alternative subordinate category (e.g., green apples), three other mem-
bers from the same basic category (e.g., other apples), and five members
from other basic-level categories within the same semantic domain (e.g.,
non-apple fruits). The remaining two images — one additional member
from each of the two subordinate-level categories — showed the exem-
plar without a background and were used in the learning phase.

At the beginning of the experiment, a cartoon character, Sally,
appeared on the center of the screen and introduced herself as a foreign
language speaker. Before proceeding to the trials, Sally told participants
that they would be learning words from her native language and that
they should pay attention as she would ask questions about these words
later. All communication from Sally was delivered in written form,
appearing in a speech bubble.

The learning phase began with Sally on the screen by herself for one
second, after which objects appeared at Sally’s sides one-by-one. When
the learning phase introduced two objects, one appeared to the left and
then the other appeared to the right of Sally. When the learning phase
only introduced one object, it appeared once to the left of Sally. Only one
object was visible at any given time and each object stayed on screen for
seven seconds while Sally labelled the object.

We manipulated the presence of a semantic alternative in two con-
ditions in a within-participant design. In the No Contrast condition, only
the target was shown and labelled (Fig. 1a). In the Contrast condition,
the target was followed by a semantic alternative at the subordinate-
level with a different label (Fig. 1a-b). In effect, participants learned
one novel word (the target) in No Contrast trials and two novel words
(the target and alternative) in Contrast trials. After all object(s) had been
presented, the learning phase concluded with Sally returning back to the
upright position for one second before the trial moved on to the testing
phase.

In the testing phase of each trial, eighteen images were presented in a
3-by-6 grid (Fig. 2). Each image was placed inside a 150-pixel square cell
with 15 pixels of row and column gaps. The grid included two matches
to the target subordinate category, two matches to the alternative sub-
ordinate category, three other matches to the basic category, three
matches to the superordinate category, and eight non-matches (i.e.,
members of other superordinate categories). The images were laid out in
the grid in randomized order between design groups. Fig. 2 shows an
image grid from the test phase for the fruit domain, where participants

Fig. 2. Images shown in the testing phase for a trial involving the fruit domain. Selections representing the basic-level generalization (all apples) are marked with a
blue outer border and selections representing the target subordinate-level generalization (red apples) are marked with an additional inner yellow border. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)



J. Choe and A. Papafragou

100%
75%
50%

25%

22.1%

0%

No Contrast Contrast
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Fig. 3. Responses at test for Experiment 1.

Subordinate Other

are asked to find matches to the label paired with a red apple (“mipen”)
in the learning phase.

Sally instructed the participants to select all matches for one of the
novel labels (i.e., the target label) introduced in the learning phase. For
example, if the target label was “mipen” paired with a red apple in the
learning phase, Sally asked participants: “Do you see any other mipens
below? Click on all mipens you see!”. Participants interacted with the
image grid by clicking one image at a time. The testing phase was not
timed, and participants could freely select and unselect any number of
images as many times as they wished, as long as at least one image was
selected before proceeding. The final set of selections as well as the
target and timestamp of individual clicks made in the testing phase were
recorded for analysis.

Coding

For each trial-level response, the final set of selections at test was
coded into one of three categories: Subordinate, Basic, and Other. A
response was coded as Subordinate (“mipen” means red apple) if it re-
flected a narrow generalization to only the subordinate-level category
(e.g., both the red apples and no other images selected). Responses were
coded as Basic (“mipen” means apple) if they included both subordinate
target exemplars as well as all other members from the basic-level
category (e.g., all apples, including both the red apples and the five
other kinds of apples). Consistent with prior work, we applied a strict
coding criterion such that partial selections of members from the sub-
ordinate- and basic-level categories were excluded from the count for
Subordinate and Basic responses.2 Instead, these were coded as Other, a
catchall category consisting of responses where participants selected at
least one of the subordinate-level exemplars but otherwise did not
exhibit the intent to generalize to a particular noun category (such as
selecting all red objects or all apples except the green apple alternative;
for details on Other responses for all experiments, see Appendix A). The
coding scheme also included Superordinate responses (e.g., all fruits),
but none were observed in any of our experiments. Lastly, selections
which included exemplars from other semantic domains (e.g., a planet)
or failed to include any of the target subordinate-level exemplars (e.g.,
included no red apples) were judged to reflect inattentiveness and were
excluded from analysis.

2 Throughout our experiments, even if we were to include these more lax
coding categories into the analyses, our results would not change.

Table 1
Mixed-effects logistic regression model fitted to Basic responses in Experiment 1.
# (SE) t P
(Intercept) —4.04 (0.8) 5.4 <0.0001
Contrast —2.26 (0.5) —-4.3 <0.0001
Results

Data from three participants who answered incorrectly on the two
catch trials were discarded. Additionally, 12 trial-level responses were
filtered out according to the exclusion criteria for coding. In total, 388
responses from the remaining 50 participants were entered into the
analysis. The distribution of these responses used for analysis is shown in
Fig. 3. For the purposes of our analysis, we use the strict coding scheme
where only exhaustive selections count for Basic and Subordinate re-
sponses — i.e., participants select all seven basic-level exemplars (a Basic
response) or both the subordinate-level exemplars (a Subordinate
response). This follows the practice of prior studies using the same test
grid paradigm and gives a more conservative estimate of the effect. For
completeness, Appendix Al shows the distribution of responses with a
fine-grained breakdown of the Other category.

Following previous experimental work on the acquisition of subor-
dinate nouns (e.g., Lewis & Frank, 2016, 2018; Wang & Trueswell, 2019,
2022), we first conducted an analysis of Basic responses. We fitted a
mixed-effects logistic regression model to the rate of Basic responses
using the lme4 (Bates et al., 2015) and lmerTest (Kuznetsova et al.,
2017) packages in R (R Core Team 2021). The model summary is shown
in Table 1.° We found a significant difference in the proportion of Basic
responses between the Contrast condition and the No Contrast condition
(B = -2.26, SE = 0.5, p < 0.0001; Table 1), with Basic responses
decreasing from 22% to 0.5% when a semantic alternative with a
different label was present. A subsequent analysis confirmed that this
difference was also reflected in the same model fitted to the proportion
of Subordinate responses, where Condition had a similar effect in the
opposite direction (f = 0.84, SE = 0.13, p < 0.0001), increasing Sub-
ordinate responses from 44% in the No Contrast condition to 79% in the
Contrast condition.

Discussion

We proposed that a crucial task for the acquisition of subordinate
nouns is to discover the intended level of informativity or specificity
assumed of the labelling event. Consistent with our prediction that a
semantic alternative at the subordinate-level makes the less-accessible
subordinate-level distinction relevant to the conversation, we find that
the presence of the alternative facilitates subordinate-level generaliza-
tions, suggesting that learners expected a greater degree of specificity
encoded in the target label. In other words, reasoning about the role of
the semantic alternative in the choice of the target label makes acces-
sible the vertical contrast between the subordinate- and basic-level
meanings for the target label and highlights its relevance in the
learning context. Crucially, we achieve this effect from a single exposure
to the target noun without explicitly grounding (or “anchoring”) the
space of possible meanings within the basic-level semantic domain (e.g.,
Waxman et al., 1991, 1997) nor exposing participants to multiple
labelled referents for the target word (e.g., Wang & Trueswell, 2019;
2022). This effect cannot be accounted for by either bottom-up or
“suspicious-coincidence” models of subordinate word learning, since the
semantic alternative does not contribute to either the perceptual (e.g.,
Spencer et al., 2011; Jenkins et al., 2015) nor the distributional (e.g., Xu
& Tenenbaum, 2007b; Lewis & Frank, 2016) profile of the target label

3 Model formula: Basic ~ Contrast + (1 | Participant) + (1 | Item). Contrast
was sum coded with Contrast at 1 and No Contrast at —1.
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itself.

Additionally, we observed two somewhat unexpected patterns. First,
the rate of Basic responses was low, both on the absolute scale and also
relative to the rate of Subordinate responses. Empirically, the magnitude
of the basic-level bias has been reported to vary widely (see discussion in
Jenkins et al., 2015), putting 22% on the low end but still comparable to
that of other studies.” In Experiment 1, the pattern may be driven by the
high threshold for a selection to be coded as a Basic response in our
design: both of the target subordinate-level exemplars (e.g., dalmatians)
plus all five other members from the basic-level category (e.g., other
dogs) had to be selected for such a response as opposed to two or three
basic-level exemplars in prior work (Xu & Tenenbaum 2007b; Spencer
et al., 2011; Lewis & Frank, 2018; Wang & Trueswell, 2022). In other
words, there is simply greater cognitive effort required to search and
click on a larger set of images. Second, and relatedly, the rate of Other
responses was relatively high at 20%-30% of all responses, with an in-
ternal make-up that differed substantially between conditions (see Ap-
pendix A1). Of the 67 Other responses in the No Contrast condition, two-
thirds were incomplete subsets of the Basic response (i.e., both subor-
dinate targets and some but not all of the other basic-level exemplars),
partially explaining the overall low rate of Basic responses.” Interest-
ingly, these responses were entirely absent among the 39 Other re-
sponses in the Contrast condition. Here, over half were the so-called
“mutually exclusive” responses (Gelman et al., 1989; see Appendix A1),
which included all basic-level members except those from the alterna-
tive subordinate-level category presented during the learning phase of
Contrast trials (e.g., all apples except for the two green apples).® We
revisit these points in later experiments.

Experiment 2

Experiment 1 offered strong evidence for the role of lexical contrast
in promoting subordinate-level conjectures. However, the precise role of
contrast is currently open to two interpretations. One possibility is that
this effect is limited to (or more strongly connects to) linguistic contrast.
This is consistent with our pragmatic account: unlabeled exemplars
should not invoke alternative word meanings for the target label, since
that they do not constitute evidence for intent underlying the specific
choice of the target label (cf. also Clark, 1987). A second possibility is
that the mere presence of an alternative, subordinate-level referent
suffices for making subordinate-level meanings accessible, for example
by offering a perceptual contrast that highlights subordinate-level dis-
tinctions. This possibility is reminiscent of the position that the
arrangement of objects in the world (along with other bottom-up cues)

4 For example, Jenkins et al. (2015) reports the magnitude of the Basic-level
bias to be 26% in their “single exemplar” trials, which is equivalent to the No
Contrast condition of Experiment 1. For more comparison, Spencer et al. (2011)
reports the magnitude of the bias ranging from 30% to 50% while the estimate
from Xu & Tenenbaum (2007b) is higher at 76% in one of the experiments.

5 Under more liberal coding schemes which account for partial selections of
the basic-level set (e.g., Lewis & Frank, 2018), the proportion of Basic response
in the No Contrast condition of Experiment 1 increases to approximately 40%,
closer to the empirical average for the magnitude of the basic-level bias
measured using this paradigm. See Appendix Al.

6 While both “incomplete Basic” and “mutually exclusive” responses reflect a
failure to generalize to the basic-level category, we make this distinction
because the source of the error differs. The “incomplete Basic” responses are
likely to be driven by the failure to identify the appropriate basic-level category
to generalize to. In the case of “mutually exclusive” responses, however, the
basic-level category is correctly identified but participants nevertheless pursue
a narrower interpretation which excludes the semantic alternative. Notably,
none of the “incomplete Basic” selections in the No Contrast condition pattern
like the “mutually exclusive” selections in the Contrast condition (e.g., no
participants selected all apples except for the two green apples after seeing a
single red apple labelled in the learning phase).

Look, this is a mipen!

Do you see the mipen?

And look over here!

Do you see this?

Fig. 4. Presentation of the target (top panel) and the alternative (bottom panel)
in the Unlabelled Alternative condition of Experiment 2. The Labelled Alternative
condition is the same as Fig. 1.

has consequences for the generalization of word meaning (Spencer et al.,
2011). Under such accounts, the contrast between exemplars from
different subordinate-level categories may be sufficient to trigger low-
level mechanisms that highlight the kinds of features that define
subordinate-level categories. Experiment 2 was similar to Experiment 1
but sought to adjudicate between these possibilities by disentangling the
effect of labelling from the mere presence of the alternative referent.

Participants

Ninety English-speaking adults who did not previously participate in
Experiment 1 were recruited on Prolific. Sample size was approximately
doubled from Experiment 1 to test the statistical significance of the two
main effects (but not the interaction effect) in the more complex 2-by-2
design.

Materials and procedure

Participants were exposed to two conditions in a within-subject
design (Fig. 4). The Labelled Alternative condition replicated the
Contrast condition of Experiment 1. In the Unlabelled Alternative condi-
tion, the alternative was present but not labelled: Sally simply drew
attention to the object by saying, “(And) look over here! Do you see
this?” To guard against possible presentation effects, the order in which
the target referent appeared relative to the alternative referent was
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Table 2
Mixed-effects logistic regression model fitted to Basic responses in Experiment 2.
S (SE) t p
(Intercept) -7.6 (1.7) —4.5 <0.0001
Label —2.7 (0.5) -5.3 <0.0001
Order 2.5(0.9) 2.9 0.0033

counterbalanced, such that the target was introduced before the alter-
native in half of the trials (Target First) and the target was introduced
after the alternative in the other half of the trials (Target Second),
resulting in a 2-by-2 design.

Coding
The coding scheme followed that of Experiment 1.
Results

After applying the same filtering criteria as in Experiment 1, 4 par-
ticipants were excluded and 19 trial-level responses from the rest were
removed from the analysis. A total of 669 responses from 86 participants
entered the analysis. Results are shown in Fig. 5. (See also Appendix A2
for the distribution of responses with a fine-grained breakdown of the
Other category.).

We first fitted a mixed-effects logistic regression model to the rate of
Basic responses. The model summary is shown in Table 2.” We found a
significant main effect of Label (f =-2.7, SE = 0.5, p < 0.0001) such that
there was an overall lower rate of Basic responses when the alternative
was labelled compared to when it was simply present and unlabelled.
There was also a main effect of the Order nuisance variable (§ = 2.5, SE
= 0.9, p < 0.01), indicating that the basic-level interpretation of the
target label was more likely when the target was shown first in the
learning phase, before the alternative was introduced (24.1% vs.
14.7%). Similar to Experiment 1, this difference in Basic responses be-
tween the conditions was straightforwardly reflected in the rate of
Subordinate responses, which increased from 57% to 81%. In the same

7 Model formula: Basic ~ Label + Order + (1 + Order | Participant) + (1 |
Item). Both predictors were sum coded. The interaction effect could not be
estimated with the model’s logit link function because no Basic response was
observed in the condition crossing Labelled Alternative and Target Second
conditions.

model fitted to Subordinate responses,® the effect of Label was again
significant (§ = 2.3, SE = 0.42, p < 0.0001).°

Discussion

Experiment 2 investigated the nature of the semantic contrast effect
that constrains the generalization of word meanings. We found that the
presence of a linguistically marked alternative at the subordinate-level
category was more likely to facilitate subordinate-level generalizations
of the target label compared to the presence of a mere conceptual
alternative (Unlabelled Alternative). This finding is consistent with the
proposal that linguistic — and not mere conceptual - contrast drives
informativity calculations (see also Clark, 1987).

Two additional observations are in order. First, we found an effect of
presentation order. This effect is consistent with prevailing hypothesis-
testing models of word learning, whereby a learner could initially
posit a basic-level interpretation of the target label, which may or may
not be revised upon encountering the semantic alternative (e.g.,
Trueswell et al., 2013; Stevens et al., 2017), especially if the first label
was understood as introducing a basic-level category with respect to
which the following (alterative) referent was to be interpreted (Waxman
et al., 1991, 1997). Second, generalizations to the basic-level category
were overall infrequent in Experiment 2. Looking at Appendix A2, just as
in Experiment 1, we again find that “incomplete Basic” responses in
which some but not all basic-level exemplars were selected from the grid
(classified under Other in Fig. 5) were just as frequent as the more
strictly coded Basic responses. Experiment 3 directly addressed this issue
with a change in task design.

Experiment 3

If, as we have proposed, the acquisition of subordinate nouns
crucially involves assuming that the speaker was informative in using a
word, then any context in which the word is used by a knowledgeable
speaker can also provide important clues to the specificity of meaning it
encodes. Beyond the presence of a semantic alternative within the
learning phase, as in Experiments 1 and 2, other evidence that highlights
the relevance of narrower semantic categories might promote subordi-
nate conjectures. Thus, in Experiment 3 we asked whether the presen-
tation of images and questions at test itself may implicitly set up
expectations about the specificity of a novel word’s meaning.

Within the test-grid paradigm, the idea that expectations about
informativity may matter after learners posit their initial hypothesis for
word meaning may appear counterintuitive. This is because the para-
digm implicitly assumes that testing a word meaning conjecture is
benign and insulated from the rest of the conversational exchange.
Indeed, the possibility that information beyond the brief moment of
exposure to a label has consequences for word learning is unexpected
under many accounts of the acquisition of subordinate nouns (Spencer
etal., 2011; Lewis & Frank, 2018; among others) and even many classes
of word learning models more broadly (e.g., Yu & Smith, 2007; Fazly
et al., 2010): the use or observation of a word in strictly non-labelling

8 The model formula is the same as the model for Basic responses, but with
the correlation term removed in the subject random effects. The Bonferroni
correction for multiple comparisons has been applied to the reported p-value.

9 Because the semantic alternative was always present across both conditions,
we were able to inspect the distribution of “mutually exclusive” responses
under different training conditions, as first observed in the Contrast condition of
Experiment 1. These responses constituted<10% of Other responses in the
Unlabelled Alternative condition, but over 50% of Other responses in the Labelled
Alternative condition (see Appendix A2). While the mechanism driving these
“mutually exclusive” responses is unclear, they pattern specifically with the
labelling of the semantic alternative, not just its presence, suggesting that these
“mutually exclusive” interpretations are specific to the processing of linguistic,
as opposed to conceptual, contrast.
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contexts is not considered to be additional evidence for word meaning.
However, our account, along with findings from Experiments 1 and 2,
challenges the assumption that learning is put on hold when learners are
asked to reason about the meaning of a word. Instead, we assume that
effects of contrast on subordinate-level conjectures can appear even at
the test phase as the learner considers what the speaker might have in
mind within a set of possible meanings.

To probe this idea, we adopted the basic design of Experiment 1
(Contrast and No Contrast conditions) but made several changes to the
test phase. First, we deconstructed the test-grid into a sequence of
forced-choice trials (one for each image), so as to get a clearer picture of
how learners reason through the choice of generalizing a word’s
meaning as they navigate the generalization set with each new exem-
plar. Second, to examine how learners make inferences about contrast at
test to guide expectations about what the speaker might have in mind,
we manipulated the order of exemplars in the test sequence. We ex-
pected this order to shape the course of word meaning generalization on-
line, under the assumption that the basic- and subordinate-level exem-
plars from the generalization set differ in highlighting the relevance of
the less-accessible vertical contrast between basic- and subordinate-
level meanings (see also Skordos & Papafragou, 2016, on the role of
alternative order in scalar inference). For example, inviting learners to
select the subordinate-level exemplars first and withholding the basic-
level exemplars until later may shift their hypothesis to a narrower
category, as the speaker’s emphasis on members from the same
subordinate-level category is odd assuming the speaker’s intent to
highlight the basic-level meaning of the word. On the other hand,
inviting learners to consider the inclusion of other exemplars from the
basic-level category first may not have such an effect, as the basic-level
is the preferred (generic-addressee) level of informativity. Thus, being
tested with basic- versus subordinate-level exemplars first may give rise
to different inferences about the level of specificity encoded in the word.

Subordinate-first

Basic-first .
1 2 3 4

Exemplar Type

Participants

One hundred adults of the same demographic background who did
not previously participate in Experiments 1 and 2 were recruited on
Prolific. The analysis for Experiment 3 tested the statistical significance
of the two main effects in a 2-by-2 design, so the sample size followed
that of Experiment 2.

Materials and procedure

Experiment 3 replicated the within-subject learning conditions of
Experiment 1 (Contrast and No Contrast) but made three changes to the
design of the test phase. First, the simultaneous presentation of the grid
of images at test was replaced with a sequential presentation of each
image. In this new sequential design, participants were instructed to
indicate whether each image matched the target label from the learning
phase (e.g., “Is this a kapsin?”) using keypresses, under a five-second
timeout (Fig. 6).

Second, we crossed the presence of a semantic alternative (Contrast
vs. No Contrast) in the learning phase with an additional Test Sequence
manipulation (Basic First vs. Subordinate First) over the order in which
the basic- and subordinate-level exemplars were presented in the test
phase. In the Basic First condition, learners had to determine whether the
label generalized to the three other basic-level exemplars first, before
seeing the two matches to the target subordinate-level category. In the
Subordinate First condition, the blocks of basic- and subordinate-level
exemplars were presented in reverse order. The sequence of exemplars
presented in the test set for the two conditions are shown in Fig. 7. Recall
that the coding of both Basic and Subordinate responses requires the
learners to accept at least the target subordinate-level exemplars at the
test phase; we now manipulated the point at which responding to these
target trials happens within the testing sequence — before (Subordinate
First) or after (Basic First) being presented with other exemplars from the
basic-level category. Given data from Experiments 1 and 2, we expected
participants to quickly and reliably respond “Yes” to all subordinate-
level exemplars and “No” to all other non-match exemplars, with re-
sponses to the basic-level exemplars being the crucial determiner for
whether learners generalized to the subordinate- vs. the basic-level
meaning.

Lastly, the number of exemplars in the test phase was reduced from
18 to 12 to alleviate the sequential test phase’s demands on working
memory. This reduced set maintained the relative proportion of exem-
plar types, including two matches to the target subordinate-level cate-
gory and three other basic-level matches (in the Contrast condition, one
of these was a member of the alternative subordinate-level category).

Coding

The coding scheme followed that of the Experiment 1.

Results

After applying the same filtering criteria from the previous two ex-
periments, 776 responses from 97 participants entered the analysis. The
distribution of these responses is shown in Fig. 8. (See also Appendix A3

5 6 7 8 9 10 11 12

Other Subordinate [l Basic

Fig. 7. Sequential presentation of exemplars during the test phase of Experiment 3.
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Table 3
Mixed-effects logistic regression model fitted to Basic responses in Experiment 3.
$ (SE) t P
(Intercept) —2.2(0.5) —-4.1 <0.0001
Contrast —-2.1(0.2) -10.6 <0.0001
Test Sequence —0.45 (0.2) -3.0 0.003
Contrast * Test Sequence -0.12 (0.1) -0.8 0.44

Table 4
Mixed-effects logistic regression model fitted to Subordinate responses in
Experiment 3.

S (SE) t p
(Intercept) -0.3(0.1) —-2.5 0.013
Contrast 1.1 (0.1) 11.5 <0.0001
Test Sequence 0.25 (0.1) 2.8 0.005
Contrast * Test Sequence —0.04 (0.1) -0.5 0.64

for the distribution of responses with a fine-grained breakdown of the
Other category.).

We fitted a mixed-effects logistic regression model to the rate of Basic
responses, with the Contrast (Contrast vs. No Contrast) and Test Sequence
(Basic First vs. Subordinate First) conditions and their interaction as fixed
effects, and random intercepts by subject and item. The model summary
is shown in Table 3.'°

We found a significant main effect of Contrast (f =-2.1 SE=0.2,p <
0.0001) replicating the findings from Experiment 1; there was an overall
lower rate of Basic responses in the presence of a labelled semantic
alternative. We also found a significant effect of Test Sequence (8 =
-0.45, SE = 0.2, p = 0.003), such that the rate of Basic responses was
lower in the Subordinate First condition than in the Basic First condition.
The interaction term did not reach significance (f =-0.16, SE=0.1,p =
0.44). The same pattern was reflected in the model fitted to the rate of
Subordinate responses, as shown in Table 4.

Discussion
The present findings suggest that learners considered information

from the test phase as additional evidence for generalizing word

10 Model formula: Basic ~ Contrast + * TestSequence + (1 | Participant) + (1 |
Item).

meanings beyond ostensive labelling in the learning phase. As predicted
by our pragmatic account, when learners were prevented from the op-
portunity to generalize to the basic-level category immediately after
learning the word (by initially only being exposed to exemplars from the
subordinate-level category in the Subordinate First condition), they were
led to believe that the speaker had in mind a narrower, subordinate-level
meaning of the target label. In comparison, no such expectation arose in
the Basic First condition where participants were able to commit early to
their initial basic-level conjecture. Together, these data show that the
basic-level bias is fragile and may be abandoned or inhibited under
sufficient evidence that the label in fact encodes a different (e.g., nar-
rower) level of specificity than initially thought. By adopting sequential
testing, where learners must continually collect evidence and update
their inferences about the informativity level encoded in the use of the
word, we were able to probe such effects within the structure of the test
phase.

The present data are surprising for many subordinate-word learning
models, where acting on a hypothesis about a word’s meaning is not
counted as additional information for that word’s meaning. For
example, this prediction is explicitly formalized in the notion of strong
versus weak sampling in the suspicious coincidence account, which
states that a learner acting on their existing knowledge (e.g., extending a
learned label to other, unlabeled exemplars from the same subordinate-
level category) does not contribute to the generalization of word
meanings because there is no “suspicious coincidence” to be uncovered
from that self-driven generative process (Tenenbaum & Griffith, 2001;
Xu & Tenenbaum, 2007a; Lewis & Frank, 2016). However, on the cur-
rent pragmatic account, any use of the word can be taken as an indi-
cation of what the speaker might have in mind.

Finally, we note that the rate of Basic responses in the No Contrast
condition of Experiment 3 (40 ~ 50%) was much higher than that
observed in Experiments 1 (22%). This is consistent with our initial
suspicion that the suppression of the basic-level bias in those prior ex-
periments was the consequence of the large number of test trials that
necessitated a strict coding threshold for consistent Basic responses.
Sequential testing with “Yes” and “No” responses in Experiment 3
imposed fewer cognitive demands compared to the more open-ended
task of searching for and clicking on many images in the grid. In turn,
we find that the data from the No Contrast condition pattern closer to the
empirical average for the magnitude of the basic-level bias effect. In-
spection of Appendix A3 reveals that Incomplete Basic responses were
still present among Other responses in both the No Contrast (Mpasic-first =
22.30%, Msyp-first = 25.80% of all responses) and Contrast (Mpgsic-first =
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Lo Kiel!

Sook sou Kiel?

(g
Look, this is Kiel! Do you see Kiel?

Lom Kiel?

Uske biot mopi Kiel!

{ofgn
h Do you see Kiel? Click on all Kiels!

Fig. 9. Presentation of Sallu’s friend Kiel (left) and the instructions to find more of them (right) in the first trial of the exposure session in the Foreign condition of
Experiment 4. English subtitles generated by a translator device appeared at the bottom of the screen in the first exposure trial and were removed from the second

exposure trial onwards.

11.90%, Mgyb.-first = 12.90%) conditions, but to a lesser degree compared
to our earlier task; even though their frequency was comparable to that
of Basic responses in Experiments 1 and 2, it was halved in Experiment 3.

Experiment 4

A remaining question about the present paradigm in both our own
work and in previous literature on subordinate nouns is whether the
degree to which English is used to teach the novel words plays a role in
the generalization of word meanings. In a departure from our earlier
experiments and prior work, Experiment 4 made a change to the task to
better approximate the natural circumstances of early word learning.
Specifically, Experiment 4 replicated Experiment 1 in two versions: an
English version where the novel words were embedded into English
carrier sentences (an exact replication of Experiment 1) and a Foreign
version, where all input was delivered in an artificial language. Thus
Experiment 4 was a 2-by-2 design crossing the presence of a labelled
contrast (Contrast vs. No Contrast) and the type of exposure language
(English vs. Foreign). If the role of contrast truly characterizes mecha-
nisms of subordinate noun acquisition, then the results of Experiment 4
should broadly replicate the patterns of our earlier study.

Participants

Participants who did not previously participate in our experiments
were recruited from the undergraduate subject pool at the University of
Pennsylvania (n = 105). The number of participants was roughly
balanced between the English (n = 50) and Foreign (n = 55) variants of
the experiment; each sought to replicate the effect of the Contrast con-
dition in Experiment 1 with similar sample sizes.

Materials and procedure

All materials and procedure for the English version were identical to
Experiment 1. In the Foreign version, the prior context for the task was
communicated in English by a narrator. Participants were introduced to
the same cartoon character (now named Sallu) and were told that she
was a native speaker of a foreign language called “Uffish” (in actuality, a
string of nonce words). As in the English condition, participants were told
that Sallu would like to play a game to teach them some Uffish words. An
exposure session was designed to familiarize participants to Uffish. This

session consisted of two trials. In the first trial, Sallu introduced and
named her friend Kiel (learning phase), and then asked whether there
were any Kiels in an image grid where there were, in fact, two other
images of Kiel alongside pictures other faces (testing phase; see Fig. 9).
Throughout the experiment all communication from Sallu within a trial
appeared in two speech bubbles: one was used for labelling (“Lo X! Sook
sou X?” meaning ‘This is a X. Do you see the X?’) and another for asking
participants to find matches to the target label (“Lom X? Uske biot mopi
X!” meaning ‘Do you see the X? Click on all the X!”). These two speech
bubbles were the only instances of Uffish within each trial. To help
participants interpret the instructions, for the first (‘Kiel’) exposure trial
only, participants were provided with English subtitles generated by a
translator device (see Fig. 9).1!

In the second exposure trial, the narrator took away the translator
and told participants that Sallu would now teach them the word for her
favorite food.'? Sallu re-appeared to introduce and label a pizza
(“mouli”) and asked participants to select more “mouli” from the image
grid, where there were five additional pizzas of different kinds alongside
other unrelated objects (e.g., beach, ice cream, statue, etc.). There was
no number morphology in Uffish, and by virtue of using the exact same
carrier phrase for proper names (first trial) and nouns (second trial),
participants were led to believe that Uffish lacked definite articles
(whereas in the English version, labelling was always via definite refer-
ence). This design allowed the Foreign version to depart more strongly
from English.'® Participants who did not select both Kiel- and all five
“mouli”-instances in the exposure phase were removed from analysis.
After the exposure session, the narrator told participants that they would

11 The narrator’s instructions were: “Sallu would like to play a little game with
you and teach you some Uffish words. Sallu says “Hi!”.” (speech bubble of a
nonce word appears on top of Sallu). “You’ll get a translator to help you un-
derstand Sallu,” (subtitles appear below Sallu) “starting the with names of her
friends. Pay attention to the words because you’ll be asked questions about
them later!”.

12 The narrator’s instructions were: “Great job! Let’s play the game again, now
without the translator” (translator icon disappears) “This time, Sallu will teach
you the Uffish word for her favorite food!”.

13 Of course, the proper name for Kiel (and finding other snapshots of this
individual) is not comparable to naming a kind (e.g., pizza). This was an
intentional choice to not interfere with the main manipulation of the
experiment.
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Fig. 10. Responses at test for Experiment 4.
continue playing the same game with some more Uffish words, and the Table 5
same ten trials (8 critical and 2 filler) proceeded in the same manner as Mixed-effects logistic regression model fitted to Basic responses in Experiment 4.
in the English version, except with speech bubbles in Uffish without the  (SE) ¢ p
translator and subtitles. The novel nouns used in prior versions of this
. h f . d faf A 1 (Intercept) —5.2(0.9) —-6.0 <0.0001
experiment were therefore now interpreted as part of a foreign language Contrast _3.8(0.8) _45 <0.0001
(e.g., “Lo mipen! Sook sou mipen?”, i.e., ‘This is a mipen. Do you see the Version ~0.2(0.5) 03 0.736
mipen?’, and “Lom mipen? Uske biot mopi mipen!”, i.e., ‘Do you see the Trial Block -0.3(0.2) -1.4 0.170
mipen? Click on all the mipens!’). Contrast * Version —0.2 (0.5) —0.4 0.673
Version * Trial Block —0.4 (0.2) -1.6 0.102
Trial Block * Contrast —0.1(0.1) -0.9 0.369

Coding

The coding scheme followed that of the Experiment 1.

Results

After applying the same filtering criteria as in prior experiments, six
participants from the English version and four participants from the
Foreign version were removed. Additionally, 33 trial-level responses
were dropped. In total, 711 responses from 93 participants were entered
into the analysis. Results are shown in Fig. 10. (See also Appendix A4 for
the distribution of responses with a fine-grained breakdown of the Other
category.).

We fitted a mixed-effects logistic regression model to the rate of Basic
responses, with Contrast (Contrast vs. No Contrast), Version (English vs.
Foreign), and Trial Block (First half vs. Second half) and all two-way in-
teractions as fixed effects. The model also included random intercepts
and slope of Contrast by subject and random intercepts by item.'* The
model summary is shown in Table 5. We found a significant main effect
of Contrast (8 =-3.8 SE = 0.8, p < 0.0001), successfully replicating the
findings from Experiment 1. No other predictors reached significance.

The same model fitted to the rate of Subordinate responses is shown
in Table 6. We found a significant main effect of Contrast (f = 0.8, SE =
0.1, p < 0.0001) in the opposite direction, such that there were more
Subordinate responses in the Contrast condition than in the No Contrast
condition. We also found a significant main effect of Version (§ = 0.4, SE
= 0.2, p = 0.035), such that the Foreign condition had an overall lower
rate of Subordinate responses than the English condition. No other

14 Model formula: Basic ~ (Contrast + Version + Order)"2 + (1 + Contrast \
Participant) + (1 | Item). All predictors were sum coded with Contrast at 1 and
No Contrast at —1, English at 1 and Foreign at —1, and Block1 at —1 and Block2 at
1.

predictors reached significance.
Discussion

Experiment 4 successfully replicated the effect of semantic contrast
on the rate of Basic and Subordinate responses using a different lin-
guistic format with minimal English exposure. Importantly, the design of
the Foreign version brings the immediate generalization task closer to the
natural circumstances of early word learning than iterations of the task
in prior studies, where English has traditionally dominated participants’
interactions with the interlocutor (whose motivations for introducing
novel words in an English frame were often left unclear given the
possible English lexical alternatives). These findings thus confirm the
generalizability of the semantic contrast effect to unfamiliar language
input and its nature as stemming from general principles of communi-
cation which includes, but are not limited to, expectations about lin-
guistic form.

As a final note, while the rate of Basic responses was not significantly
different between the two language versions, Subordinate responses
were more frequent in the English version compared to the Foreign
version, which instead showed more Other responses (see Appendix A4
for details). In other words, minimizing exposure to English increased
the overall difficulty of the (already hard) task of generalizing to the
narrower, subordinate-level categories. One possibility is that the use of
English makes the familiar subordinate-level semantic categories more
accessible for mapping, which is consistent with pragmatic accounts
where learners exploit familiar linguistic devices for subordination to
infer and encode semantic contrast. However, this finding is unexpected
under bottom-up accounts, where the salience of perceptual features
determines the ease of mapping words to subordinate-level categories.
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Table 6
Mixed-effects logistic regression model fitted to Subordinate responses in
Experiment 4.

p (SE) t P
(Intercept) 0.6 (0.3) 2.0 0.049
Contrast 0.8 (0.1) 7.1 <0.0001
Version 0.4 (0.2) 2.1 0.035
Trial Block 0.1 (0.1) 1.4 0.170
Contrast * Version 0.1 (0.1) 1.4 0.673
Version * Trial Block —0.04 (0.1) —0.4 0.102
Trial Block * Contrast —0.04 (0.1) -0.4 0.369

General discussion

In this study, we proposed that the challenge of acquiring subordi-
nate nouns involves to a large extent a pragmatic puzzle. Assuming that
learners make inferences about the interlocutor’s intent behind the
choice of a word (Grice, 1975), we reasoned that generalizing to the
narrower, subordinate-level meaning would greatly benefit from lin-
guistic cues to the specificity of a word in the face of the basic-level bias.
Such cues could involve contrast to other lexical alternatives that can
support inferences about the target label. We tested a set of predictions
flowing from the hypothesis that the introduction of a semantic alter-
native at the subordinate level would make subordinate-level conjec-
tures accessible to a learner who would otherwise produce a basic-level
generalization for a novel label.

These predictions were confirmed. We found that the presence of a
labelled alternative at the subordinate level eliminated the basic-level
bias during word learning with adult learners (Experiment 1); further-
more, the mere presence of the alternative referent without a label was
less likely to suppress the basic-level bias compared to cases where the
alternative was labelled (Experiment 2). Additionally, the role of alter-
natives in shaping expectations of specificity extended well beyond the
moment that a label was ostensibly introduced (Experiment 3). As we
had anticipated, these results show that learners choose between sub-
ordinate- and basic-level meanings for a label by inferring the level of
informativity encoded in the use of the label (and not just from any type
of contrast). Lastly, this effect of semantic contrast was not an artifact of
task adaptation nor driven by language familiarity; pragmatic inferences
about the level of specificity encoded in a word could be calculated even
from novel language input (Experiment 4). These results underscore the
fact that labels for objects invoke concepts and meanings that the
speaker intends to convey, and that this information is often delivered to
the listener by highlighting (in verbal and non-verbal ways) how the
label contrasts with a specific set of other relevant lexical options that
the speaker could have used but did not.

Alternative accounts

The robust finding that the presence of a semantic alternative at the
subordinate level facilitates subordinate-level generalizations is unex-
pected under accounts of subordinate word learning where information
outside of labelling and referent introduction is not considered in
forming hypotheses about word meaning. This is because the semantic
alternative does not contribute to either the perceptual (e.g., Spencer
et al., 2011; Jenkins et al., 2015, 2021) or the distributional (e.g., Xu &
Tenenbaum, 2007b; Lewis & Frank, 2016, 2018) profile of the target
label itself, which has been assumed to be the fundamental unit of evi-
dence for word learning in much prior work. Instead, not only do the
availability and salience of alternatives in the communicative episode
guide word meaning generalizations in our data, but we also observe a
strong effect of a labelled alternative even after just a single instance of
the target label, without needing to expose the learner to multiple

exemplars cross-situationally.

Furthermore, the idea that aspects of communication outside of
ostensive labelling can affect the interpretation of a word upends the
traditional divide between learning and testing, where the latter is not
thought to contribute additional evidence for word meaning because it is
driven by the learner acting on their own hypothesis (hence the long-
standing assumption that the test grid, as popularized by Xu & Ten-
enbaum 2007b, simply probes the hypothesized word meaning). In fact,
some have explicitly proposed built-in mechanisms that prevent such
learning, including the distinction between weak and strong sampling
under the suspicious coincidence account which restricts evidence for
word meaning to label-referent pairings provided by a knowledgeable
speaker (Tenenbaum & Griffith, 2001; Xu & Tenenbaum, 2007b; Lewis
& Frank, 2016). To a degree, this skepticism is warranted, as allowing
such a mechanism to take hold may result in a positive feedback loop of
confirming hypotheses just via opportunities to act on them. Certainly,
this kind of unconstrained learning is undesirable, though there is
something to be said about how opportunities to test hypotheses about
word meaning can sometimes reveal insights to the word’s meaning it-
self. If learners can integrate information about speaker intent in hy-
pothesizing word meanings, then there may be non-labelling or even
non-verbal contexts inviting the learner to respond to or reason about
the word that in fact highlight an alternative word meaning that is also
consistent with the data (namely, observed exemplars) but was simply
more difficult to access at the moment of labelling. We argued that this
may be the case for subordinate- vs. basic-level meanings, and indeed,
Experiment 3 showed that learners can be led to consider the narrower,
subordinate-level meaning when the opportunities for the learner to act
on their current conjecture for a word’s meaning encourage a narrower
interpretation of the word. This model of subordinate-word learning
seems reasonable under the assumption that natural circumstances that
invite the learner to act on a hypothesized word meaning are often
intertwined with some task or goal relevant to a conversation, where the
behavior of the interlocutor can also reveal insights into word meaning
(Wang & Mintz, 2018).

In sum, information from contrast and alternatives can come from any
point in a communicative episode, and the specific question about word
meaning that the learner is being encouraged to consider may provide
additional evidence to word meaning beyond ostensive labelling. This is a
challenge for bottom-up accounts of learning subordinate nouns (e.g.,
Spencer et al., 2011) as well as associationist word learning models more
broadly (e.g., Yu & Smith, 2007; Fazly et al., 2010), but the data may be
captured by a class of so-called hypotheses-testing models where learners
reason over semantic categories rather than exemplars (Gleitman &
Trueswell, 2020) and posit a single conjecture at a time rather than a range
of possible meanings (e.g., Stevens, Trueswell, Yang, & Gleitman, 2017;
Trueswell, Medina, Hafri, & Gleitman, 2013; Medina et al., 2011). Other
rational models of word learning such as those based in Bayesian inference
also share our emphasis on speaker intent (e.g., Frank & Goodman, 2012,
2014) and may thus account for our findings in terms of the likelihood of
the data under possible word meanings, although the specific mechanism
for the acquisition of subordinate nouns must consider information beyond
the sampling statistics of a label as the primary cue to the level of speci-
ficity encoded in a word (i.e., beyond the “suspicious” nature of label-
referent pairings). Indeed, the suspicious coincidence effect stemming
from the observation of multiple positive evidence for the subordinate-
level meaning has been argued to be fragile and indirect (Caplan, 2022),
which also explains its disappearance under richer contexts providing
information about semantic contrast that relieve the learner from
reasoning about the specificity of word meaning from such unreliable cues
in the referential world (Wang & Trueswell, 2019, 2022).
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Inferences about speaker intent are pervasive, and arguably inevi-
table in word learning, since labels do not simply describe the world
(Grigoroglou & Papafragou, 2021). We have argued that this is espe-
cially salient for the challenge of acquiring subordinate nouns, where
overcoming the basic-level bias requires reasoning about the level of
specificity encoded in the word or the level of informativity intended by
the speaker in the use of the word. Our work refines the often-cited role
of contrast in facilitating word meaning generalizations beyond the
basic-level (e.g., Clark, 1987, 1988, 1990; Waxman et al., 1991, 1997;
Wang & Trueswell, 2019, 2022) by proposing that subordinate-level
generalizations are facilitated by not just any contrast to the preferred
basic-level meaning. Rather, the successful inference depends on the
learner’s ability to recognize which particular scale is being highlighted
in the task — the lateral contrast between mutually exclusive categories
at the same level, or the harder-to-access vertical contrast between
basic- and subordinate-level categories.

This perspective is reminiscent of approaches to the development of
the pragmatic interpretation of “some” as meaning ‘some but not all’ from
the literature on scalar inference; such pragmatic interpretations in chil-
dren have been shown to benefit from prior exposure to relevant lexical
alternatives such as “all” or even “none” (Skordos & Papafragou, 2016; cf.
also Barner et al., 2011). Likewise, we find that information about se-
mantic contrast and the relevance of specific alternatives, despite not
revealing properties about the target label itself, nevertheless constrained
the interpretation of the target label to a subordinate-level category. The
assumption that children are Gricean has also been extensively explored in
other parts of the word learning literature. For instance, children as young
as two years old show sensitivity to discourse context and speaker intent in
positing hypotheses about word meaning (Diesendruck et al., 2004; Die-
sendruck & Markson, 2005; Diesendruck, 2005). Our findings affirm the
strong contribution of such socio-pragmatic constraints in the case of
acquiring subordinate nouns, above and beyond other attested factors such
as bottom-up perceptual processes and statistical learning over surface-
level properties of label-referent pairings.

In natural input, we expect these inferences built on the contrast be-
tween subordinate- and basic-level meanings to be especially crucial for
early word learning when the referential world rarely offers direct negative
evidence to rule out the basic-level interpretation in favor of a narrower,
subordinate-level meaning (see discussion in Jenkins et al., 2015). These
sources of information may come from the anchoring of the basic-level
category as the relevant semantic domain (Waxman et al., 1991, 1997)
and the presence of other labelled exemplars in cross situational learning
(Wang & Trueswell, 2019, 2022), but may also come from the presence of
labelled alternatives at the subordinate-level in single learning trials (Ex-
periments 1 and 2) and even from cues to the relevance of certain alter-
natives made available outside of ostensive labelling (Experiment 3). Thus,
we posit that the unifying principle underlying these various effects of
contrast on the acquisition of subordinate nouns is about guiding learners
to discover the relevant set of specific alternatives. Furthermore, although
we have primarily focused on cases where the learner is mapping existing
concepts to new labels, such as in the task of associating the concept ‘dog’
with the sound /dog/ (Gleitman & Trueswell, 2020), this primarily prag-
matic learning mechanism could also be useful in explaining how unfa-
miliar or newly formed concepts are mapped to novel labels (Waxman &
Markow, 1995; Lupyan et al., 2007; Lupyan & Thompson-Schill, 2012;
LaTourrette & Waxman, 2019; Caplan, 2022). The replication of the se-
mantic contrast effect from even novel language input (Experiment 4) of-
fers a promising lead towards this generalized account of learning specific
word meanings via inferences about the relevant alternatives involved in
the speaker’s choice of label. More broadly, it may be that the conceptual
and semantic (i.e., linguistically encoded) categories co-develop as children

master the conventions of their native language (Berman & Clark, 1989;
Clark, 1992, 2017), which would require learners to also integrate evi-
dence from uses of the word, speaker intent, communicative goals, and the
like in forming and updating word meaning conjectures.

Conclusions

In this study, we proposed that the generalization of word meanings
is — among other things — driven by assumptions about the relevant level
of specificity intended in the use of the word, and that contrast can offer
strong cues for such inferences. In a series of word learning experiments,
we showed that semantic alternatives facilitate mappings to
subordinate-level meanings, and especially so when the alternative is
labelled, suggesting that learners can use linguistically marked contrast
to reason about the level of informativity for a word’s meaning that is
expected from an ostensive labelling event. Furthermore, we showed
that learners can integrate evidence from the accessibility of alternatives
elsewhere in the communicative episode beyond the moment of label-
ling to generate such inferences about contrast to constrain word
meaning generalizations. This sensitivity to the informativeness of an
utterance offers a possible mechanism for the acquisition of subordinate
nouns despite the apparent sparsity of evidence for subordinate-level
meanings offered by the referential world.
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Appendix

Note: Appendix Figures show the distribution of responses at test for
each experiment with a detailed breakdown of the Other category: “Inc.
Basic” and “Inc. Subordinate” indicating incomplete responses (partial
selections of subordinate and basic-level members) and “Mutually
Exclusive” responses (selections of all basic-level members except the
alternative when it was present in the learning phase) are now marked
separately (see Fig. A1, Fig. A2, Fig. A3, Fig. A4).
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Fig. Al. Detailed responses at test for Experiment 1.
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Fig. A2. Detailed responses at test for Experiment 2.
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