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Abstract

There is a longstanding debate over how much idiosyncratic,
item-specific knowledge is contained in our mental grammars,
in addition to productive knowledge of item-general rules and
constraints. A key source of evidence is ordering preferences
for syntactic alternations like the dative (“throw him an apple”
vs. “throw an apple to him”) vary depending on which words
they contain. But the quantitative extent of this variability is
poorly understood, especially in relation to superficially simi-
lar, non-dative constructions which are not alternating (“throw
the man to the floor” vs. “*throw the floor the man”). To
address this, we built a large corpus of naturally-occurring
sentences including either dative or superficially similar non-
dative structures, and analyzed the unique contributions of pro-
ductive and verb-specific knowledge in predicting argument
ordering preferences.

Keywords: syntactic alternations; exemplar models

Introduction

To what degree do speakers rely on productive knowledge
of their language, and to what degree do they draw on their
direct experience with specific words? Consider the order-
ing alternatives for binomial phrases, like salt and pepper
vs. pepper and salt. Speakers have detailed knowledge of
the preferred ordering of such expressions; in this case, their
item-specific experience consists of previous exposures to ei-
ther ordering, and their productive knowledge consists of gen-
erally applicable rules of semantics and phonology (for exam-
ple, that longer constituents are preferred later).

Researchers agree that speakers use some amount of item-
specific knowledge, but disagree about how much and un-
der what conditions it is recruited. Theories vary widely:
the words-and-rules theory predicts that item-specific knowl-
edge is reserved for rare cases such as irregular forms, id-
ioms, and extremely high frequency items (Pinker & Ullman,
2002), while usage-based theories claim that speakers store
their lifetime of linguistic experience as imperfect memory
traces, or exemplars (Ambridge, 2020; Bybee & Eddington,
2006; Bybee, 2006; Bybee & McClelland, 2005; Jackendoff,
2002; Goldberg, 2016; Jackendoff, 2007).

Wide-coverage quantitative evaluations of these claims
have been lacking until recently (but see O’Donnell et al.,
2009). Work on ordering preferences in binomials has shown
that direct experience and productive knowledge trade-off to
predict speaker ordering preferences. More frequent items
rely more on direct experience; for most binomials, speakers

DO Form
NP NP Structure

to- Form
NP to NP Structure

“Dative Use”
Has recipient
“Non Dative Use”
No recipient

Take him a cup | Take a cup to him

Take me a day | Take it to the limit

Table 1: Dative and non-dative uses of the dative verb rake.

use both their productive knowledge and their direct experi-
ence to varying degrees (Morgan & Levy, 2016, 2024).

However, it remains unclear whether the frequency-
mediated trade-off between direct experience and productive
knowledge is an idiosyncratic property of binomials. The
question is complicated by linguistic knowledge of abstrac-
tions like syntactic constructions, which lack clear criteria
for what learners consider relevant experience. This is espe-
cially crucial for models of statistical learning which rely on
indirect negative evidence, leading to the entrenchment vs.
preemption debate (Ambridge et al., 2014, 2018; Brooks &
Zizak, 2002; Goldberg, 2011).

To see the problem, consider the dative alternation, ex-
emplified in the first row of Table 1. Dative verbs convey
the transfer of some object (the theme argument) to someone
or something (the recipient), and permit different orderings
of the arguments: the recipient appears first in the Double-
Object (DO) form, and the theme appears first in the fo-form.
For a given verb and pair of arguments, speakers have pref-
erences over which form is preferred. Bresnan et al. (2007)
showed that these ordering preferences are in part captured by
productive constraints on the arguments’ phonology (for ex-
ample, shorter arguments are preferred earlier) and semantics
(for example, animate and definite arguments are preferred
earlier). At the same time, Bresnan et al. also found that in-
dividual verbs still occur more or less frequently in a struc-
ture than would be predicted by the productive constraints
alone. These verb-specific preferences are a different kind
of item-specific information, since they apply to all uses of
the verb, regardless of the chosen arguments. For example,
both give him the letter and give the woman an apple count
as direct experience of the verb give; both influence speak-
ers’ preferences when ordering a new sentence, like give me
a break (Bridgwater et al., 2019). This contrasts with exist-
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ing work on item-specific experience, where speaker’s direct
experience is conceptualized straightforwardly as every in-
stance they have heard of the entire phrase (salt and pepper or
pepper and salt). This difference motivates our first question:
do abstract grammatical alternations like the dative display a
trade-off between productive and item-specific knowledge?

A second question arises when considering item-specific
experience at higher levels of abstraction: multiple construc-
tions often have the same syntax (their constituents are con-
figured in the same way) but different semantic representa-
tions (the constituents play different roles in the event). For
example, all uses of fake in Table 1 have two arguments;
however, only those with a recipient (“dative uses”) alternate
(*take a day to me, *take the limit it) (Rappaport Hovav &
Levin, 2008). As we show below, the relative proportion of
DO and fo-forms differs in the dative and the non-dative uses
of many verbs. For exemplar models and other usage-based
theories, exemplars are explicitly form-meaning pairs (Gold-
berg, 2003); this could predict that speaker ordering prefer-
ences for dative uses are not influenced by non-dative uses of
the same verb, even if the non-dative use is more frequent.
This is our second question: do syntactically similar struc-
tures influence ordering preferences of the dative, and if so,
how? We investigate the relative frequencies of dative to non-
dative uses, so that non-dative structures are taken into ac-
count in the larger empirical picture.

Finally, frequency may play a different role in the trade-
off between item-specific and productive knowledge when
speakers have dramatically more or less experience with the
items. By investigating verb-specific effects, we test a wider
range of the item-frequency spectrum than other structures:
while the most frequent binomial in Morgan & Levy (2015)’s
corpus is estimated to be heard 7,300 times by the time a
speaker reaches college-age (once per day), our most com-
mon verb (give) occurs about 163,371 times in the same time
frame (22 times a day). Our least-frequent verb (telephone)
is similar in frequency to the least-common binomial.

In this paper, we introduce and analyze a corpus of da-
tive and non-dative examples'. We find that speakers recruit
direct experience with verbs to structure their utterances, ab-
stracting over individual examples with different arguments.
As with binomials, more frequent verbs rely more on verb-
specific knowledge. We also find that verb-specific prefer-
ences are only predicted by experience with true dative uses.
Finally, we test our model on a dataset of human preference
judgments, and find the same patterns in this dataset. These
results suggest that speakers draw on experience with a partic-
ular verb across different uses, but distinguish between their
experience of dative and non-dative uses.

Methods

To create the corpus, we first parsed a corpus of webtext,
and extracted instances of dative verbs with two arguments.

Corpus available at https://github.com/emilygoodwin/LCOD.git
Code at https://github.com/emilygoodwin/dativeCorpusAnalyses.git

We then iteratively sampled instances of each verb and hand-
annotated them, both for status as a dative or non-dative (col-
lapsing together spatial goals, resultatives, and other non-
dative examples) and for the productive constraints known to
influence word ordering (described in more detail below).

Because frequency influences speakers’ use of item-
specific information in other structures, our corpus creation
process emphasized representing the full spectrum of dative-
verb frequency. We parsed 6.15 billion words of the English
portion of the colossal cleaned Common Crawl (Raffel et al.,
2020), equivalent to 2.39 times the lifetime language expo-
sure estimated in Levy et al. (2012). This version of Common
Crawl predates chatGPT and the machine-generated text cur-
rently on the web.

To identify datives, we first parsed the text using automatic
dependency parser Stanza (Qi et al., 2020). We then extracted
all sentences with a verb which was (1) listed as dative alter-
nating in Levin (1993), and (2) took two arguments in either
of the dative structures. We excluded examples with interven-
ing material between the two arguments, like throw [a pass]
right/directly/straight [to the quarterback], as they influence
ordering preferences for independent reasons (*throw right
the quarterback a pass).

We sampled and annotated 50 examples of each verb
lemma, but found wide variation among verbs in the ratio
of dative to non-dative uses. To ensure the dataset included
enough dative uses of each verb, we annotated additional ex-
amples sampled non-uniformly (sampling more examples of
verbs which showed dative use less frequently). Each exam-
ple was annotated by two trained undergraduate annotators.
If both annotators agreed the sentence was dative, the argu-
ments were annotated for the properties relevant to productive
rules. If the two annotators disagreed on any of the argument
annotations, we recruited a third annotator; if the third judg-
ment did not break the tie (for properties with more than two
possible labels), the example was discarded.

We annotated the arguments for the following properties,
used by Bresnan et al. (2007):

Givenness. Themes and recipients which referred to some-
thing already mentioned in the context were marked as given;
otherwise, they were marked non-given. The context was de-
fined as anywhere earlier in the target sentence, or in the two
preceding sentences.

Animacy. Themes and recipients which referred to a human
or animal were marked as animate, others (including organi-
zations) were treated as inanimate.

Concreteness. Themes which referred to a thing which is
prototypically concrete, meaning it can be interacted with us-
ing the five senses, were marked concrete. This property was
added to compensate for the sparsity of theme animacy (see
next section).

Pronominality. Whether the argument was a pronoun (anno-
tated via automatic string-matching).

Definiteness. Whether the argument was grammatically def-
inite or indefinite.
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Number. Our parsing pipeline automatically assigned num-
ber as Singular, Plural, or NA. 13.2% of recipients and 1.5%
of themes were marked NA, mostly driven by the pronoun
you which is ambiguous for number in English.

Person. Whether the theme and recipient were local (first or
second person) or non-local (third person).

Length Difference. A sign-preserving log transform of the
difference in length between the theme and recipient, mea-
sured in graphemic words, plus a 0.5 smoothing coefficient
to avoid taking the log of 0.

Verb sense. The meaning of the verb in context, according
to the verb senses defined in Bresnan et al. (2007): Abstract,
Transfer of Possession, Future Possession, and Communica-
tion. A fifth class, Prevention of Possession, (for verbs like
cost, deny) does not appear in our dataset because none of the
verbs listed as alternating by Levin (1993) have this sense.
Structural Parallelism. This variable captures the presence
of other DO and to-forms in the two sentences preceding the
dative example. Defined as O if there were no examples of
DO or fo-form, 1 if the last one in the context was DO, and
—1 otherwise.

Results

The final corpus had 23,320 sentences, including 7,278 da-
tive uses. Of the datives, 372 could not be tiebroken on some
field; we included these in estimating the proportion of da-
tive uses, but excluded them when fitting later models. We
excluded 20 additional examples with complex themes or re-
cipients where the definiteness of the entire constituent un-
clear (the cat and a ball). In the remaining analyses, we also
limited our dataset to verbs which had 10 or more dative in-
stances. This yielded a total of 6,837 examples for 91 verbs.
We met or exceeded our original goal of collecting 50 true
dative examples for 68 verbs.

Overall, the to-form dominated both dative and non-dative
examples in the corpus (Figure 1A). However, the degree of
preference for the DO form varied among verbs: measured
over true datives, the proportion of DO instances ranged from
.98 (tell) to none at all (18 verbs, typically conveying motion
like cart and drive). We plot verbs’ preferences for the DO
form in Figure 1C, in the x-axis of the right panel.

For most verbs, the proportion of instances in the DO form
was higher among dative than non-dative uses (Figure 1C);
together with the relative frequency of non-datives, this sug-
gests that speakers are exposed to plenty of fo-forms in non-
dative uses. Whether they draw on this evidence is discussed
in the next section.

We also found that preference for the DO form was pre-
dicted by verb frequency (Figure 1B). A model predict-
ing each verb’s preference for the DO form from its log-
transformed frequency found a significant effect of frequency
(B=0.04, S.E. = 0.01, P < .001). One possible explanation
is that the DO form, being less frequent than the to-form, re-
quires more exposure to learn. As a consequence, only highly
frequent verbs yield enough evidence to learn this structure.

Modeling Productive and Verb-Specific Knowledge

The variation in DO preference among verbs may be a re-
sult of applying the same productive constraints to verbs with
different semantics: because different verbs have different
meanings, they may appear more or less frequently with par-
ticular themes and recipients, which would drive them to ap-
pear in different forms as a function of the productive con-
straints. For example, give may occur frequently in the DO
form because it occurs frequently with pronominal recipients.
In an extreme case, there would be no need to model speak-
ers’ direct experience with individual verbs: the productive
constraints alone might predict highly skewed preferences.

To assess the independent contribution of verb-specific
experience, we fit a Bayesian logistic model using BRMS
(Biirkner, 2017) on the dative uses in our corpus. The de-
pendent variable was the form (DO or fo-form). The in-
dependent variables were the annotation properties intro-
duced above. Two theme predictors were sparse: animacy
(only 4.14% of themes are animate) and grammatical person
(0.32% of themes are not in third person); following Bresnan
et al. (2007), we removed these predictors and added theme
concrete to compensate. All the other argument predictors
(givenness, pronominality, definiteness, and number) were in-
cluded for both theme and recipient. Recall that we were in-
terested in the amount of information that can be attributed to
direct experience with a verb: for this reason, we included a
by-verb random intercept term. Unlike Bresnan et al. (2007),
this was not crossed with verb sense: while Bresnan et al.’s
model fit one intercept for each verb in each sense, we fit
just one intercept for all uses of the verb. The estimates for
fixed effects associated with verb sense, plural recipients, plu-
ral and singular themes, and previous structures (PP or DO)
had credible intervals which fell within a range including 0O
(see Figure 2).

To distinguish between idiosyncratic verb preferences and
preferences driven by the fixed effects, we extracted the
model predictions for all the dative sentences in our corpus,
based only on the fixed effects (including the overall inter-
cept), excluding the random intercept. Figure 3A shows the
predicted proportion of DO-forms among datives against the
true observed preferences for each verb. The productive con-
straints failed to predict the distribution of observed prefer-
ences, missing many verbs with an extreme observed prefer-
ence for the DO or fo-form; this suggests that verb-specific
knowledge helps drive those preferences.

Next, we asked whether frequency can predict idiosyn-
crasy. In Figure 3B, we plot the magnitude of the difference
between the verbs’ predicted ordering preference and its ob-
served ordering preference, as a function of verb frequency.
More frequent verbs were more likely to have ordering prefer-
ences that diverged more from those predicted by the produc-
tive constraints. We speculate this is because only more fre-
quent verbs provide speakers with enough evidence to learn
an ordering preference that departs from the productive con-
straints.
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Figure 2: Untransformed estimated effect sizes. The model’s
dependent variable (syntactic form) had reference level to-
form, contrast level DO form.

Superficially Similar Structures Do Not Influence
Dative Ordering

Recall that verb preferences for the DO structure differ when
considering dative uses only, non-dative uses only, or both;
one of our goals was to identify whether speakers draw on
their experience of non-dative uses when choosing how to
order a dative.

To determine whether non-dative uses influence speaker
preferences in the dative alternation, we extracted the by-

verb random intercepts from our earlier model (which de-
scribe verb-specific preferences for either form, independent
of productive constraints). We then fit a linear regression,
predicting the by-verb effect from two fixed effects: the pro-
portion of examples in the DO structure for each verb, as mea-
sured over only dative uses; and the proportion as measured
over non-dative uses. An increased preference for the DO use
among dative uses was predictive of the verb-specific prefer-
ences (B=6.01,S.E.=0.47, P < .001); increased preference
for the DO structure among non-dative was not (f = 0.63,
S.E.=0.53, P=0.242). This suggests that speakers draw on
their direct experience with dative uses of a verb; their expe-
rience with non-dative uses did not have a detectable effect.

Comparison With Human-Reported Preferences

We also tested our model on a dataset of human preference
judgments for 2,050 dative sentences collected by Hawkins
et al. (2020). In this dataset, participants indicated on a slider
how strongly they preferred the fo-form (0) or the DO form
(1), with the midpoint labeled as “about the same”. Each verb
was shown with five different recipient arguments (which var-
ied in length and definiteness, but were all animate) and five
theme arguments (which varied in definiteness but were all
three words or shorter).

The human data represent a different assessment of order-
ing preferences, both as a consequence of how they are col-
lected (introspective judgments rather than corpus frequen-
cies), and as a consequence of the arguments considered (par-
ticipants judged only animate recipients and a small set of
themes). This makes it difficult to directly test our model,
which was fit to corpus frequencies, against the human pref-
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Figure 3: A: The difference between observed DO preference and predicted DO preference. Predictions are generated without
the model’s random effect structure, reflecting only productive knowledge. The darkest shaded areas are overlaps in the two
distributions. B: Verb idiosyncrasy (mean absolute difference between the predicted and observed DO preference) as a function
of verb frequency (estimated exposure to the verb in the dative structure, by age 20, with the x-axis log-scaled). Model
predictions were generated without random effect structure, and represent speakers’ productive knowledge.

erences dataset. Nevertheless, we can test whether the quali-
tative patterns we observed in the corpus also hold for the hu-
man dataset: First, the pattern that more frequent verbs will
be more idiosyncratic and preferred in the DO form; second,
that the distribution of structures among dative uses (but not
non-dative uses) will be predictive of ordering preferences.

We extracted predictions for the sentences in the human-
preferences dataset from our model. Recall that the model
predicts syntactic form (DO or to-form) from fixed-effects
reflecting productive knowledge and random by-verb inter-
cepts reflecting direct experience. Figure 4A shows the dis-
tribution of predicted and observed human ordering prefer-
ences. Human-reported preferences were approximately nor-
mally distributed, with a mean closer to .5 than the model;
the model predictions were, as with the corpus data, highly
skewed toward the fo-form. The Pearson correlation between
the predicted DO-preference for each verb, and its mean re-
ported DO-preference, was 0.76.

To test whether more frequent verbs are more idiosyncrac-
tic, we plot the difference between the mean model predic-
tion based only on fixed effects and the mean human prefer-
ence for each verb in Figure 4B. As with the corpus data,
more frequent verbs had more idiosyncratic ordering pref-
erences. We also found that more frequent verbs were as-
sociated with higher reported preferences for the DO form
(=0.02, S.E.=0.003, P < .001).

Finally, we tested whether the human preferences were bet-
ter predicted by the distribution of forms among dative uses
of a verb, or both dative and non-dative uses. We fit a model

predicting the mean human ordering preference for each verb
from the observed ordering preference in the corpus of all
datives, non-datives, and the model predictions (calculated
as the mean over the predictions from fixed effects only).
Only the preference over dative uses was predictive (f = 0.20,
S.E.=0.04, P < .001), and there was no effect of non-dative
uses (f = 0.04, S.E = 0.05, P = .42) or model predictions
B=.71,S.E=0.44,P=0.11).

Although the human dataset assesses ordering preferences
in a different way than corpus frequencies, we found the same
qualitative patterns: strong by-verb variability, with more id-
iosyncratic verbs being more frequent; more frequent verbs
favoring the DO form; and the form preference measured over
just datives being more predictive than over other structures.

Discussion

Verb Idiosyncracy and Frequency. While productive
knowledge identified by prior work captures much variation
in the argument-ordering preferences of dative structures, di-
rect experience with verbs also plays a crucial role, with
more frequent verbs having more idiosyncratic ordering pref-
erences. This pattern suggests that, in dative productions, the
extent to which speakers draw on productive vs. verb-specific
knowledge is mediated by the verb’s frequency.

Frequency and The DO Form. We also found that increased
verb frequency was associated with a preference for the DO
form. This could be explained as a pressure to regularize:
since the fo-form is more common (among both dative and
non-dative uses), speakers may treat it as a default while the
less-common DO structure is available for only the most fre-
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Figure 4: A: Verbs’ human-reported preference judgements against the predictions of our corpus model. Model predictions
were generated including the random effect structure, and represent speakers’ productive and item-specific knowledge. B: Verb
idiosyncrasy (mean absolute difference between proportion of predictions in DO form and mean slider rating) against frequency
(estimated exposure to the verb in the dative structure, by age 20, with intervals natural-log transformed). Model predictions
were generated without random effect structure, and represent speakers’ productive knowledge.

quent verbs. Together with the observation that more frequent
verbs are more idiosyncratic, this proposal would be similar
to comparable proposals in work on morphological irregular-
ity (Wu et al., 2019). However, note that word frequency cor-
relates with a number of other semantic factors (Piantadosi et
al., 2012; Winter & Srinivasan, 2022); we do not rule out the
possibility that these could cause the increase in DO forms.

The Role of Non-Dative Uses. Finally, we investigated
whether speakers’ ordering preferences for a verb are influ-
enced by their experience with the verb in superficially simi-
lar, non-dative uses. We found that verbs’ distribution of DO
and fo-form structures in non-dative uses did not influence
ordering preferences. This suggests that the fact that lower-
frequency verbs are more likely to prefer the fo-form is not
simply a function of how often they appear in non-dative fo-
forms. This is consistent with two explanations: Non-dative
experience may be completely irrelevant for speakers when
structuring dative uses. Or, non-dative experience could con-
tribute to learning the fo-form as globally acceptable, without
contributing to a verb-specific preference.

Why would speakers not consider all the experience they
have with a verb? Under a theory where constructions are
represented as form-meaning pairs, the meaning part of the
construction could include a characterization of the event par-
ticipants (distinguishing between recipients and spatial goals,
or some other semantic variable which distinguishes between
datives and non-dative senses). This is in line with some pre-
vious work on syntactic exemplar models (Bybee & Edding-
ton, 2006; Bybee, 2006). To predict our findings, the analogy

mechanism used by speakers during production would need
to be sensitive to the coding of event participants in the ex-
emplar, weighting non-dative examples less highly.

Conclusion

In this paper, we investigated the contributions of productive
knowledge and direct experience to speakers’ productions of
the dative alternation. We built a large corpus of naturally-
occurring sentences including either dative or superficially
similar non-dative structures, and analyzed the unique con-
tributions of productive and verb-specific knowledge in pre-
dicting argument ordering preferences.

We found that individual verbs have unique ordering pref-
erences not predicted by the productive constraints, with
more frequent verbs having stronger idiosyncratic prefer-
ences and preferring the DO form overall. This suggests that
speakers abstract over their exposure to the same verb with
different complements, relying more on this knowledge for
frequent verbs. At the same time, speakers do not abstract
over all their experience with a verb: ordering preferences for
datives are not influenced by non-dative constructions, even
when the non-dative constructions use the same verb and sur-
face syntax, and are more frequent than dative uses.

Finally, we applied our model to a corpus of human-
reported ordering preferences, and found the same qualitative
patterns. Our results support both (1) a substantial role for
item-specific knowledge in shaping human syntactic choice
and (2) fine-grained distinctions between items in the mental
grammar, such that experience with one item may have little
influence on others with superficially similar form.
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