UC Merced

Proceedings of the Annual Meeting of the Cognitive Science
Society

Title
From Distributional Structure to Meaning: Learning, Syntax, and the Emergence of
Categorical and Graded Interpretations

Permalink
bttgs:géescholarshiQ.orggucéitem482w0298g
Journal

Proceedings of the Annual Meeting of the Cognitive Science Society, 48(0)

Authors
Sun, Ling
Goldstone, Robert

Publication Date
2026

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License,
available at bttgs://creativecommons.orq/Iicenses/bv/4.0/{

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8pw0298g
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

From Distributional Structure to Meaning: Learning, Syntax, and the Emergence of

Categorical and Graded Interpretations

Ling Sun (Is44@iu.edu)' & Robert Goldstone”

'Department of Linguistics, Cognitive Science Program, Indiana University
2Department of Psychological and Brain Sciences, Indiana University

Abstract

Adjectives often admit both categorical and graded interpreta-
tions, yet perceptual evidence alone typically underdetermines
which interpretation is adopted during learning. We ask how
learners converge on one interpretation and whether the learn-
ing task and syntactic structure play a causal role. Using novel
adjectives mapped onto an arbitrary morph space with both
discrete and continuous variance, we manipulate learning task
(Classification vs. Comparison) and test generalization across
syntactic frames in English and Mandarin. Learning task sys-
tematically shifts alignment between adjectives and perceptual
dimensions. This alignment effect is amplified in Mandarin,
where syntax overtly distinguishes categorical from graded
predication. Critically, alignments do not reconfigure across
post-learning tasks: category assignments remain stable, while
graded information surfaces selectively in intensifier choice.
Reaction-time asymmetries reveal directional markedness, with
categorical-to-graded shifts incurring greater cost than the re-
verse. Together, the results show that adjectival interpretation
emerges from the alignment between task structure and distri-
butional variance, with syntax conditioning the strength of that
alignment.

Keywords: categorization; concept learning; syntactic fram-
ing; gradability

Introduction

In linguistics, a long-standing distinction is drawn between
gradable adjectives, which support comparison and degree
modification, and non-gradable adjectives that resist such
constructions (e.g., gradable: “very tall", “taller than" vs.
non-gradable: “very wooden", “more wooden than"). This
distinction is not merely grammatical but reflects differences
in underlying conceptual structure (Géardenfors, 2014; Par-
adis, 2001). Some adjectives encode meaning relative to an
ordered scale of degrees (hereafter graded), whereas others
denote discrete, category-defining properties (hereafter cat-
egorical) (Kennedy & McNally, 2005). Developmental evi-
dence suggests that this duality poses genuine challenges for
learners. Ryalls (2000) showed that children experience dif-
ficulty acquiring both the categorical and graded meaning of
adjectives such as “tall". Similarly, Smith et al. (1992) found
that when objects vary along multiple dimensions (e.g., shape
and color), novel count nouns promote shape-based gener-
alization, whereas adjectives yield more ambiguous patterns.
Together, linguistic theory and acquisition studies suggest that
adjectives exhibit a structurally dual organization, supporting
both categorical and graded interpretations, and that learn-

ing or deploying these interpretations is neither trivial nor
guaranteed.

More importantly, this body of work suggests that both
learning task and syntactic framing play important roles in
shaping how adjectival concepts are acquired. Ryalls (2000)
showed that children acquire adjectives more readily through
comparison alone than through mixed comparison and clas-
sification tasks, while Smith et al. (1992) demonstrated that
syntactic category can bias learners’ attention toward partic-
ular dimensions (e.g., shape over color). What remains un-
addressed, however, is how learners resolve the categorical-
versus-graded duality of adjectival meaning when multiple
interpretations are available, and whether learners flexibly re-
compose an adjective’s meaning on each use. In other words,
current accounts do not explain how conceptual structure is
selected and maintained when perceptual evidence alone un-
derdetermines interpretation, which is the norm rather than
the exception in language acquisition.

This question becomes tractable from a cross-linguistic per-
spective. Unlike English, where bare predication is compat-
ible with both graded and categorical adjectives (“the chair
is heavy", "the chair is wooden"), Mandarin Chinese encodes
scale selection by syntax, such that bare predication typically
licenses categorical adjectives (zhe yizi shi mutou de “the
chair is wooden"), whereas graded adjectives require degree-
marking constructions such as hen ‘very’ (Grano, 2012; Liu,
2010), making zhe yizi shi zhong de "the chair is heavy" odd.
Crucially, this distinction goes beyond lexical category (noun
vs. adjective) and directly constrains whether an adjective
is interpreted categorically or in a graded manner (e.g., shi
xin de "is new" implies a categorical interpretation, while
hen xin "is new" yields a graded interpretation). A com-
parison between Mandarin and English therefore provides a
natural testbed for examining how learning task and syntac-
tic framing shape adjectival concept acquisition. If syntactic
distinctions in a language shape what aspects of experience
speakers habitually attend to when speaking (Slobin’s 1987
"Thinking for speaking" hypothesis), then we would expect
that Mandarin speakers be more sensitive to the distributional
distinction between categorical and graded dimensions.

In the present study, we draw on prior work demonstrating
human sensitivity to structure in arbitrary, high-dimensional
perceptual spaces (Goldstone & Steyvers, 2001; Hockema et
al., 2005; Rogers et al., 2010). We use novel adjectives applied
to arbitrary morph spaces that support two dimensional inter-
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pretations. Participants learn novel adjectives under different
learning tasks, classification (“it is A") versus comparison (““it
is Aer than"), and their use of acquired adjectives was sub-
sequently tested in bare predication (“it is A") and intensifier
predication (“itis very A"). We ask whether the learning task
led participants to rely on one dimension for adjective choice
over the other, and whether Mandarin’s obligatory syntactic
marking of the categorical-graded distinction sharpens this
bias relative to English.

We report three main findings. First, learning task influ-
ences which interpretation, categorical or graded, becomes
stabilized for a novel adjective. Second, this effect is ampli-
fied in Mandarin, where syntactic structure constrains inter-
pretation selection. Third, the resulting conceptual structure
persists across contexts of use — changes in syntactic fram-
ing induce coercion via selective dimension separation, rather
than reconfiguration or decay of the learned structure. Fourth,
this coercion is asymmetric: shifting from a categorical to a
graded construal incurs greater cost than the reverse, indicat-
ing directional markedness in adjectival representation. To-
gether, these findings suggest that adjective meanings do not
come with fixed conceptual structures. Instead, categorical
and graded interpretations emerge through active alignment
between learning task and the variational distribution of per-
ceptual dimensions (discrete versus continuous), with syntax
conditioning the alignment strength when perceptual informa-
tion underdetermines interpretation.

Methodology

The online experiment employed a 2 (between-subject) X
2 (between-subject) X 2 (within-subject) mixed design. The
two between-subjects factors were learning task (Classifica-
tion vs. Comparison) and Language (English vs. Mandarin).
The within-subjects factor was Expression Type (Bare predi-
cation vs. Intensifier predication).

Subjects A total of 64 Mandarin speakers and 87 English
speakers (ages 18-35) were recruited. Participants in each
language group were assigned to either Classification or Com-
parison Learning: Mandarin, n = 32 per condition; English,
n = 45 and 43, respectively. All participants were L1 speakers
and reported no visual or language impairments.

Exclusion criteria were designed to retain participants who
either showed evidence of learning or maintained consistently
strong performance throughout the task. Participants were
retained if they demonstrated either (1) accuracy > 70% across
the final 10 active-learning trials, accompanied by a positive
learning slope, or (2) accuracy > 70% across both the first 10
and final 10 trials. These criteria excluded 18 participants,
yielding a final sample of 132.

Stimuli  Stimuli were drawn from a two-dimensional morph
space defined by one binary variable (0 or 1, hereafter Dis-
crete) and one continuous variable ranging from 0 to 1 (here-
after Continuous). Each stimulus was uniquely specified by a

Figure 1: The arbitrary Discrete and Continuous dimension
of Bézier-curve morphs.

LA A 2 2 3

Figure 2: The Discrete and Continuous dimensions of the
Bézier-curve morphs, with orange (A) and blue (B) indicating
the two categories acquired during learning.

(Discrete, Continuous) coordinate — the left side of the stim-
ulus morphed according to the Discrete variable, while the
right side morphed according to the Continuous variable, as
illustrated in Fig. 1.

Stimuli were labeled A if Discrete = 1 and Continuous
< 0.5, and B if Discrete = 0 and Continuous > 0.5. This
scheme ensured both dimensions were independently predic-
tive during learning. As shown in Fig. 2, blue and yellow
indicate the learned A and B regions, whereas grey indicates
test-only incongruent cases where the Discrete and Continu-
ous dimensions clash.

Adjectives A and B were novel words that participants were
required to learn during the learning phase (raflen and luprit
for English, luzhi and machu for Mandarin). The words were
randomly assigned to adjectives A and B across participants
to control for potential effects of prior linguistic associations.

Procedure The experiment consisted of three phases: base-
line, learning, and testing.

* Baseline Phase (20 trials): The purpose of the baseline
phase was to assess monotonic perception of the Contin-
uous dimension. Participants were asked to position the
20 shapes, presented one at a time in random order, along
a slider according to their similarity to the two endpoint
shapes of the morph continnum. The endpoints corre-
sponded to Continuous values of 0 and 1, randomly as-
signed to the left and right end of the slider, with the Dis-
crete variable held constant at 1.

* Learning Phase (50 trials): Participants were trained on the
novel adjective pairs (raflen and luprit for English; luzhi and
machu for Mandarin). Learning consisted of interleaved
passive and active trials and differed by learning task. In the
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Classification Learning condition, passive trials presented
each stimulus with a description (e.g., “The pink object is
luprit”), and active trials required participants to select the
correct adjective label. In the Comparison Learning condi-
tion, passive trials presented stimuli pairs with comparative
descriptions (e.g., “The pink object is lupriter than the gray
one”), and active trials required participants to select the
correct comparative adjective.

Each session included 10 passive and 40 active trials. On
active trials, participants could proceed only after selecting
the correct response.

To discourage early convergence on a single perceptual di-
mension, a visual mask was applied sporadically across tri-
als, randomly occluding one corner of the stimulus. Stimuli
were evenly sampled from the labeled region of the morph
space (i.e., the regions corresponding to adjectives A and
B under the rule described in Stimuli).

* Testing Phase (48 trials): Participants completed two test-
ing blocks of 24 trials each: a bare predication block and
an intensifier predication block. Block order was counter-
balanced to control for potential task-order effects.

On each trial, participants were presented with a blank can-
vas and an incomplete sentence (“The pink objectis _ .”).
They were instructed to use the cursor to uncover the stimu-
lus and complete the sentence using options defined by the
block. In the bare predication block, they chose between
the adjectival labels (e.g., “raflen” or "luprit"), whereas
in the intensifier predication block, they selected from six
options formed by crossing three intensifiers (“slightly,”
“somewhat,” “very” in English; “youdian,” “bijiao,” “fe-
ichang” in Mandarin) with the two adjectives.

Critically, both blocks contained incongruent trials, in
which the Continuous and Discrete dimensions mapped
onto different adjectives under the learned rule (e.g., Con-
tinuous > 0.5, Discrete = 1). Because the two dimensions
provided conflicting cues, participants were forced to com-
mit to one when applying the adjective.

Participants were instructed to respond as quickly and accu-
rately as possible. Both response choice and reaction time
were recorded.

Results

Unless otherwise noted, all reported models are hierarchical
Bayesian model fit to incongruent trials, where the Discrete
and Continuous dimensions conflict and participants were
forced to commit to one. We report three main models: (1)
a logistic model predicting adjective choice (Discrete-aligned
or not); (2) an ordinal model predicting intensifier strength
(“slightly” < “somewhat” < “very”); and (3) a linear model
predicting log response time. Effects from logistic and or-
dinal models are reported as odds ratios (OR); effects from
linear models as posterior mean 3. All credible intervals are
95% HDIs. An effect is credible when its HDI excludes the
null: 1 for OR, O for 8. Learning curves are analyzed using
a generalized estimating equation (GEE; logit link, clustered

on subject), which models population-average trends while
accounting for within-subject correlation; effects are reported
as OR with p-values.

Perceptual monotonicity and learning. Our results show
that participants perceived the morph continuum monoton-
ically, where stimuli with higher Continuous values were
placed closer to the corresponding endpoint at the population
level. Descriptively, accuracy was high across language and
group conditions (EnghSh MClassification = 86%; MComparison =
82%; Mandarin: MClassification = 91%; M Comparison = 85%).

Participants also learned reliably over training, with compa-
rable improvement across conditions. We fit a generalized es-
timating equation (GEE; logit link; clustering on subject) pre-
dicting trial-level correctness from trial order, learning group,
and language. The probability of a correct response increased
significantly over trials (OR = 7.31, p < .001), indicating ro-
bust learning. Although overall performance was higher in the
Classification than Comparison group (OR =1.59, p = .017)
and higher for Mandarin than English speakers (OR = 1.56,
p = .021), the interaction between learning group and trial or-
der was not significant (p = .88). Thus, despite differences in
overall task difficulty, learning rates were comparable across
groups, with parallel improvements over training.

Discrete and Continuous evidence compete for adjective
choice. When the Discrete and Continuous dimensions con-
flicted, they directly competed. On incongruent trials, as the
Continuous signal grew stronger, participants were less likely
to choose the label associated with the Discrete dimension
(ORcontinuous = 0.54, HDI [0.43, 0.70]; Table 1, Model 1).
For intensifier use, as the Continuous value became more ex-
treme, creating greater conflict, participants were more likely
to choose weaker intensifiers (e.g., “slightly") over stronger
ones (e.g., “very") (ORconsinuous = 0.69, HDI [0.57, 0.84];
Table 1, Model 2).

Response times further indicate that participants responded
more rapidly when using stronger intensifiers. Model 3
(log(response time) ~ Intensifier + (1 + Intensifier | Subject))
shows that intensifier strength reliably predicted response la-
tency. Selecting stronger intensifiers reliably predicted shorter
response times (8 = —0.048, HDI [-0.071, —0.026]), corre-
sponding to an approximate 5% decrease in response time per
unit increase in intensifier strength. This effect was relatively
consistent across participants, with modest between-subject
variability in slopes (slope SD = 0.08, HDI [0.05, 0.11]).

Learning shifts adjective cue dominance and reverses in-
tensifier scaling. For adjective use, participants in the Com-
parison group were substantially less likely than those in the
Classification group to choose the adjective associated with
the Discrete dimension on incongruent trials (ORpcaring =
0.28, HDI [0.14, 0.52]; Table 1, Model 1). This appears in
Fig. 3 (top panel) as the red curve lying above the yellow one in
both plots. However, the learning task did not reliably change
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Table 1: Results of model 1 (adjective use; left columns) and model 2 (intensifier use; right column) on incongruent trials. ¥ ~
Continuous + Learning + ContinuousxLearning + (1 + Continuous | Subject). For model 1, Y is a binary outcome indicating
response alignment with the Discrete dimension. For model 2, Y is an ordinal outcome indexing intensifier strength (“very” >

“somewhat” > “slightly”).

Subjects Adjective Intensifier
Predictor OR 95% HDI Predictor OR 95% HDI
All Continuous 0.54 10.43,0.70] Continuous 0.69 [0.57,0.84]
Learning 0.28 [0.14, 0.52] Learning 2.17 [1.34, 3.46]
ContinuousXLearning 0.75 [0.51, 1.08] ContinuousXLearning 3.71 [2.77,4.93]
English Continuous 0.46 [0.34, 0.63] Continuous 0.82 [0.67, 1.00]
Learning 0.52 [0.24,1.11] Learning 2.26 [1.46,3.70]
ContinuousxLearning 0.92 [0.58, 1.48] ContinuousxLearning 2.79 [2.08, 3.85]
Mandarin  Continuous 0.61 [0.43,0.84] Continuous 0.55 1[0.39,0.81]
Learning 0.17 [0.07, 0.46] Learning 1.86 [0.83,4.17]
ContinuousxLearning 0.70 [0.43, 1.14] ContinuousxLearning 4.96 [2.82, 8.52]
English Mandarin tinuous X Learning interaction revealed opposite effects of
o piserete domi"a"i ) v S'wete domnance Continuous extremity across conditions (OR consinuousxLearning
L me e — = 3.71, HDI [2.77, 4.93]; Model 2). In the Classification
g e — £ group, more extreme Continuous values predicted weaker in-
Tl — " T —~———— tensifiers (OR Continuous = 0.69, HDI [0.57, 0.84]; Model 2).
g g This is illustrated by the red inverted-V-shaped dotted lines in
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Figure 3: Top panels show the Discrete dominance index,
P(A|D=1)—-P(A|D=0), as a function of the Continuous vari-
able, with shaded 95% confidence intervals. Bottom panels
show binned response proportions, with cell values indicating
the percentage of trials on which adjective A was chosen (red
= A, blue = B).

how this preference varied as a function of the Continuous
signal (ORcarningx Continuous = 0.75, HDI [0.51, 1.08]; Model
1), as both curves show a similar, slightly bowed, inverted-
U shape. The same pattern is visible descriptively in Fig. 4
(bottom row), Classification learning encouraged alignment
of the Discrete dimension with adjective use, as indicated by
the response-percentage heatmap.

For intensifier use, the Comparison group overall used
stronger intensifiers than the Classification group (Table 1,
ORreaming = 2.17; Model 2). More importantly, the Con-

both plots in the top panel of Fig. 4. In the Comparison group,
more extreme Continuous values predicted stronger intensi-
fiers (OR consinuous = 2.55, HDI [1.58, 4.12]; Model 2); this is
illustrated by the yellow V-shaped dotted lines in both plots.
One interpretation is that the Continuous dimension is
used to subdivide categories into “slightly," “somewhat," and
“very" alternatives. The Comparison group aligned both in-
tensifier and adjective with the Continuous dimension, yield-
ing weaker intensifiers and a shift in adjective choice in the
middle region. Thus, the learning task reshapes not only
which dimension dominates but also how dimensions are func-
tionally distributed across adjective and intensifier use.

Language amplifies the learning bias. For adjective use,
the learning task effect on Discrete dominance was markedly
stronger in Mandarin than in English. Among Mandarin
speakers, Classification versus Comparison training produced
a large shift in adjective-Discrete alignment (ORpeqrning =
0.17, HDI [0.07, 0.46]; Model 1); among English speakers,
the corresponding shift was smaller and the HDI overlapped 1
(ORcarning = 0.52, HDI [0.24, 1.11]; Model 1). Crucially, the
learning effect is not exclusive to Mandarin speakers. Adding
Language and its interaction with the learning group to the
main model yielded no credible language effects (Language:
HDI [-1.16, 0.06]; Language x Group: HDI [-0.35, 1.31]).
Most importantly, the main Learning effect remained robust
(ORcarning = 0.22, HDI [0.10, 0.49]).

The learning task reliably shifted overall intensifier strength
for English speakers (OR4rning = 2.26; Model 2), but not for
Mandarin speakers (OR¢qrning = 1.86; Model 2). For English
speakers at the continuous boundary (0.4 <Continuous<0.6),
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Figure 4: Top panels show mean intensifier strength as a func-
tion of the Continuous variable, with solid lines indicating
congruent trials and dashed lines indicating incongruent tri-
als; shaded ribbons represent 95% confidence intervals. Bot-
tom panels show intensifier use overlaid with binned adjective
proportions. Background cell shading reflects the percentage
of trials in which adjective A was chosen (red = A; blue = B).

both learning groups preferred to respond “somewhat A/B,”
as shown by the converging yellow and red dotted curves (Fig.
4, top row). In contrast, the Mandarin Comparison group pre-
ferred “slightly A/B” (aligning both words with the Contin-
uous dimension), whereas the Classification group preferred
“somewhat A/B” (aligning the adjective with the Discrete
dimension). Consequently, the Mandarin yellow and red dot-
ted curves remain separated across this boundary, driving the
stronger Continuous X Learning interaction. Together, these
results indicate that language modulates how a learning task
reorganizes dimensional alignment: English speakers showed
a simple baseline shift, while Mandarin speakers exhibited a
sharp reallocation of dimension roles across adjectives and
intensifiers.

Asymmetric reaction-time costs across syntactic struc-
tures. Reaction-time patterns revealed an asymmetric pro-
cessing cost: Classification training incurred difficulty in
intensifier syntax, whereas Comparison training showed no
comparable cost in bare predication. In the intensifier task,
the Comparison group responded faster than the Classifi-
cation group (B = -0.17, HDI [-0.36, -0.07], log(RT) ~
Group + (1 + Intensifier | Subject)), indicating increased pro-
cessing cost when Classification-learned adjectives were used
in degree-marked intensifier constructions. This RT shift was

amplified for Mandarin speakers (8 = 0.33, HDI [0.07, 0.59])
relative to English speakers (8 = -0.11, HDI [-0.29, 0.06]).
However, adding Language and its interaction with the learn-
ing group to the main model yielded no credible language
effects (Language: HDI [-0.33, 0.08]; Language x Group:
HDI [-0.08, 0.51]). No parallel slowing was observed when
the Comparison group encountered bare predication across
learning groups (HDI [-0.21, 0.06]).

Adjective choices, by contrast, remained stable regard-
less of whether participants completed the bare predication
or intensifier block first. In both learning groups, syntac-
tic task order did not reliably shift which dimension guided
adjective choice. The hierarchical Bayesian logistic model
(Discrete-aligned ~ Continuous + Task Order + Continuous X
Task Order + (1 + Continuous | Subject)) showed no reliable
order effects in either group: Classification — Task Order:
HDI[0.54, 2.76], Continuous x Task Order: HDI [0.70, 1.48];
Comparison — Task Order: HDI [0.43, 2.66], Continuous X
Task Order: HDI [0.62, 2.07]; all HDIs include 1.

Discussion

Learners map implicit distributional structure onto task
form Prior work shows that learners use task and linguis-
tic context to determine which perceptual dimensions matter.
Adjectives like fall are learned more readily with only com-
parisons (Ryalls, 2000),count-nouns can bias attention toward
shape (Smith et al., 1992). These findings demonstrate that
word learning is shaped by the relation between language use
and perceptual attention. However, they leave open a broader
question: whether such effects are limited to particular di-
mensions, lexical categories, or familiar adjective meanings,
or instead reflect a more general ability to align language task
with perceptual structure.

Our findings reveal this more general principle. Learning
task systematically determined which dimension guided ad-
jective choice and how the remaining dimension was deployed
in intensifier constructions. Under Classification learning,
participants aligned adjective choice with the Discrete dimen-
sion; under Comparison learning, both adjective choice and
intensifier strength aligned with the Continuous dimension.
Learners did not simply encode associations; they actively
aligned dimensional interpretation with task structures.

Crucially, this alignment was not driven by the inherent
properties of particular dimensions, such as height being nat-
urally graded, nor by lexical-category biases, such as count
nouns directing attention to shape (Smith et al., 1992). The di-
mensions in our study were arbitrary; what mattered was their
distributional structure: one learning task highlighted clus-
tered structure consistent with category boundaries, whereas
the other highlighted continuous variation consistent with gra-
dation. More generally, our findings suggest that learners track
how variation is distributed in the environment and align that
distribution with the task structure. When the task emphasizes
Classification, learners privilege dimensions that support dis-
crete partitioning. When it emphasizes Comparison, learners
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privilege dimensions that support graded evaluation.

This perspective helps explain why tall may be easier to
acquire in comparative contexts (Ryalls, 2000): comparison
highlights continuous variation, making it easier for learners
to identify the relevant dimension. More generally, adjec-
tive learning appears to depend not only on which percep-
tual dimensions are available, but on how learners align the
distributional structure of those dimensions with the concep-
tual/interpretative structure made relevant by language use.

Syntactic distinctions amplify learning bias The task—
dimension alignment described above was further modulated
by cross-linguistic differences in syntactic marking. This pat-
tern is consistent with Slobin’s “thinking for speaking” hy-
pothesis, which holds that speakers attend to aspects of expe-
rience that their language routinely requires them to encode
(Slobin, 1987).

Here, the relevant linguistic routine concerns adjectival
predication: In English, bare predication licenses both cat-
egorical and graded readings. We routinely use the same
frame (“This is X”’) whether X is graded like fall or categori-
cal like wooden. Because English does not overtly distinguish
these interpretations, learners do not attend to the difference
between Continuous and Discrete dimensions as effectively.
English speakers thus showed weaker alignment of this kind.
Mandarin, by contrast, overtly encodes the distinction be-
tween categorical and graded interpretation. Bare predication
strongly favors categorical readings, while graded interpreta-
tions require explicit degree marking. Accordingly, Mandarin
speakers exhibited a substantially larger shift in Discrete dom-
inance under Classification learning.

Syntax thus acts as an amplifier, as the “Thinking for speak-
ing” hypothesis predicts: Mandarin speakers, who must ha-
bitually attend to the categorical-graded distinction, show
stronger reorganization of dimensional roles than English
speakers.Our findings extend “thinking for speaking” beyond
previously studied domains by showing that syntactic routines
can shape how learners align variance structure (Continuous
vs. Discrete) with adjectival interpretation.

Our results suggest a straightforward account of Mandarin
bare predication: it inherently favors categorical interpreta-
tions. This connects our findings with prior accounts of Man-
darin adjectival predication (Grano, 2012; Liu, 2010), which
note that gradable adjectives selectively appear in degree-
marking constructions involving words like hen (“very"). Ad-
jectives such as new or full, which readily allow for endpoint
interpretations (new vs. not new; full vs. not full), easily fit
the categorical bias imposed by bare predication. In contrast,
adjectives like fall, which lack inherent partition points, are
dispreferred in these bare contexts. This bias also explains
why only intensifier-marked, but not bare, new can describe
a second-hand book: bare predication forces a strict new/not-
new partition that clashes with the item’s second-hand status.

Stable concept structure with asymmetric coercion Our
results favor a stable-alignment account over a fully flexi-
ble recomposition account. When multiple interpretations
were available, learners did not appear to recompose adjective
meaning anew for each syntactic frame. Instead, they main-
tained the adjective—dimension mapping established during
learning, while syntax modulated how that mapping was co-
erced at test. If learners flexibly recomposed adjective mean-
ing on each use, mismatched frames should have shifted adjec-
tive choices toward the Continuous dimension under degree
marking and toward the Discrete dimension under bare predi-
cation. Instead, adjective choices remained stable: intensifier
use could track the Continuous dimension while adjective
choice remained Discrete-aligned, and Continuous-aligned
choices persisted in bare predication.

Reaction times further suggest asymmetric coercion.
Categorical-to-graded shifts incurred reliable slowing,
whereas graded-to-categorical shifts did not. In other words,
graded-to-categorical shift was relatively easy, whereas
categorical-to-graded shift was costly. This directional asym-
metry aligns with broader developmental patterns. Entity-
based concepts and simple predication are acquired earlier
than relational meanings and degree constructions (e.g., Gen-
tner, 2005). Following Gentner (2005), categorical interpreta-
tions resemble one-place predicates, whereas graded interpre-
tations encode relational structure over an ordered dimension,
making graded construal demand structure beyond what cat-
egorical representations supply.

Conclusion and limitations

This study shows that categorical and graded interpretations
are not fixed properties of adjectives, nor are they determined
solely by perceptual input. Instead, they emerge from the
alignment between distributional structure in the environment
and the structure of the learning task. Syntax modulates the
strength of this alignment, amplifying learning biases in lan-
guages that overtly distinguish categorical and graded predi-
cation. Crucially, once established, these alignments remain
stable across contexts of use: syntactic coercion selectively
recruits secondary dimensions rather than reorganizing cate-
gory structure. Together, these findings suggest that adjectival
meaning reflects learning-stage alignment between variance
structure and linguistic form, not inherent scale properties or
online reanalysis.

Our conclusions are based on novel adjectives mapped
onto arbitrary dimensions, allowing us to isolate distribu-
tional structure from lexical semantics. Whether the same
alignment mechanisms operate for entrenched natural adjec-
tives remains to be tested. In addition, although we demon-
strate cross-linguistic amplification in Mandarin and English,
broader typological comparison is needed to determine how
general syntactic amplification is.
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