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Abstract
This paper investigates the influence of probabilistic informa-
tion in the second language on the processing of English da-
tive alternation constructions in German learners of English.
We present two eye-tracking studies (visual world and reading)
with evidence that the probabilistic patterns of the target lan-
guage influence L2 processing when the initial preference is vi-
olated, and indications that these patterns have a greater effect
on more experienced speakers. We also observed a constrast-
effect of L1, such that comprehenders expected constructions
that occur more often in L2 than in L1, even if L2 lexical statis-
tics suggested otherwise.
Keywords: Sentence processing, dative alternation, second
language acquisition, expectation-based language processing

Introduction
In many languages, semantically dative sentences can be re-
alized with two different object orders that only slightly dif-
fer in meaning, one in which the recipient comes before the
theme and one where the reverse is true. In English, the for-
mer ordering is achieved by two bare noun phrases, as in
(1-a), and the latter by having the recipient as a prepositional
phrase, as in (1-b).

(1) a. double object dative (DO)
I gave [her]recipient [the book]theme.

b. prepositional dative (PO)
I gave [the book]theme to [her]recipient.

The dative alternation has received considerable attention
from first- and second language acquisition researchers dur-
ing the 1980s, especially from the perspective of genera-
tive grammar. These studies focused primarily on investigat-
ing the following two questions by means of grammatical-
ity judgments and sentence completion tasks: First, how well
do learners acquire hard constraints on the possibility of al-
ternation, such as the fixed prepositional realization of most
verbs of Latin origin such as donate; second, what is the order
in which speakers acquire the possible realizations for verbs
that do alternate. Major results (e.g. in Mazurkewich, 1985;
Mazurkewich & White, 1984) were that verb-specific con-
straints are acquirable as hard constraints for first language
learners with rare errors, but are only learned as softer con-
straints — or sometimes not learned at all — for second lan-
guage learners. With regard to acquisition order, the preposi-
tional dative realization tends to be acquired earlier and easier
for second language learners.

Recent research on first language (L1) dative alternation
patterns, however, has switched the focus from presumably
’hard’ constraints on the possibility of alternation to the
softer, probabilistic determinants of actually observed vari-
ation. This was motivated by cross-linguistic similarities
in grammatical preferences (Bresnan, Dingare, & Manning,
2001) as well as the fact that in both naturally occurring lan-
guage and experimental investigation ’hard’ constraints turn
out to be surprisingly violable (Bresnan & Nikitina, 2008;
Bresnan, 2007) while simultaneous consideration of multi-
ple ’soft’ constraints led to considerable success in predic-
tion of realizations, reading time, and fluency of production
(Bresnan, Cueni, Nikitina, & Baayen, 2007; Bresnan & Ford,
2010; Tily et al., 2009). With regard to acquisition, children
have been shown to mirror the probabilistic realization pat-
terns of their environment (Marneffe, Grimm, Arnon, Kirby,
& Bresnan, to appear). Second language studies within this
probabilistic paradigm, however, are still rare; one exception
is the study by Frishkoff, Levin, Pavlik, Idemaru, and Jong
(2008), who used the results of (Bresnan et al., 2007) to in-
vestigate how both native and second language (L2) speak-
ers learn to predict dative choice from examples, and found
that L2 learners improve quickly when presented with stimuli
containing a high degree of contrast between alternation pref-
erences. Individual factors that were found to be reliable pre-
dictors for L1 speakers in corpus models have, however, also
been shown to influence L2 learning at various proficiency
levels. These include among others pronominality (Le Com-
pagnon, 1984), givenness and persistence (Marefat, 2005),
and weight (Tanaka, 1968; Callies & Szczesniak, 2008).

The goal of this paper is to investigate how attuned L2
learners are to fine probabilistic details of their target lan-
guage. One predictor that is, due to its inherently probabilis-
tic nature, especially suited for this research question is verb
bias. More specifically, each dative verb has a specific id-
iosyncratic degree of preference in alternation choice; this
preference is in general not predictable from semantics or
morphology. A learner’s acquisition of verb bias should thus
be seen as direct instances of fundamentally experience-based
learning. The experiments reported here are based on English
L2 learners with German as L1. Like English, and unlike
most L1s of previous studies, German has a double object da-
tive; in contrast, the use of the prepositional dative is limited
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to certain verbs.

Visual World Study
Tily et al. (2008) conducted a visual world eye-tracking ex-
periment capable of tapping into very early and fine-grained
expectations built up during sentence comprehension. Partic-
ipants were looking at visual stimuli with depictions of the
agent, recipient and theme of the sentence they were listen-
ing to simultaneously. Using verbs that either had a double
object or prepositional object bias they found that partici-
pants were sensitive to the statistic information conveyed by
the verbs. Anticipatory eye-movements (Altmann & Kamide,
1999) towards the depiction of the first argument arrived reli-
ably earlier when it was compatible with the argument order
suggested by the verb bias (Tily et al., 2008). The expecta-
tion effect showed up even at the second argument, where an-
imacy information already could have disambiguated the ar-
guments’ thematic role as recipient (animate) or theme (inan-
imate). Since this paradigm and the experiment established
very early and subtle effects of statistical biases, they seem
very well suited for our purpose of investigating interference
effects in second language learners. We therefore reran Tily
et al. (2008)’s study in our lab in Freiburg with German L2
learners of English, varying in L2 proficiency.

Materials and Design
The materials contained seven pairs of verbs, which were
picked to allow sentences to be constructed with the same
nouns as recipient and theme. For each pair of verbs, four sets
of subject, theme and recipient nouns were chosen, yielding
28 sentence pairs. From each sentence pair four versions were
constructed along a 2×2 design (see sentences (2)) crossing
the factors verb bias (towards prepositional object construc-
tion vs. towards double object construction) and construction
(prepositional object, PO vs. double object, DO), yielding
112 sentences. Stimuli were rotated and distributed onto four
lists such that each list contained exactly one condition of
each item, and in any given list, each condition occurred the
same number of times. Forty-four filler items not contain-
ing datives were added. The order of items in each list was
randomized. To avoid subtle auditory cues, sentences were
cross-spliced so that the part up to and including the verb was
standardized across conditions.

(2) a. PO/DO bias, PO construction
The maid will offer/serve the wine to the prince.

b. PO/DO bias, DO construction
The maid will offer/serve the prince the wine.

Participants and Procedure
We tracked gaze positions from 38 participants on depictions
of the subject, recipient and theme of the stimulus sentences.
The picture of the subject always appeared at the top of the

Figure 1: Visual stimuli example (Tily et al., 2008)

screen, the recipient and theme appeared at the bottom, their
position (left or right) was cross-balanced over all trials. At
the beginning of each trial, the depictions were presented vi-
sually with corresponding words for two seconds (Figure 1).
After the appearance of a fixation cross, the visual stimulus
was presented without words, and the target sentence was pre-
sented auditorily. Gaze position was recorded with an Eye-
Link 1000 (SR Research) and participants were paid e 7.50
or received course credit for their participation. After the ex-
periment, participants’ scores in a subset of the TOEFL test
(structure section) were collected.

Participants were assigned into two proficiency groups by
means of a median split (a score of 15 out of 20) on the test
scores.

Hypotheses
If German L2-learners have captured the subtle statistical bi-
ases of English, we would expect a pattern similar to that of
native English speakers. However, depending on their pro-
ficiency level, they might not yet have picked up all those
subtleties, and should then exhibit one of several behaviors:

1. Beginners might exhibit a general bias towards the word
order predominant in L1 (German). That would predict
a general expectation of Double-Object constructions, i.e.
the expectation of the recipient in first argument position,
and the expectation of the theme in second argument posi-
tion.

2. More proficient learners might have captured some more
fine grained differences between English and German, e.g.
the fact that prepositional objects are far more common in
English that in German. In that sense, PO-constructions
might just in general sound more English (contrast effect).

3. Highly proficient learners might have captured even the
fine-grained statistical biases of the L2.

Results
Figures 2 & 3 show a clear general tendency to look at the re-
cipient (black lines) first, irrespective of the construction. In
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Figure 2: Looks to argument-depictions in double object construction. (a) High-proficiency group (b) Low-proficiency group
(a)
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(b)
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Figure 3: Looks to argument-depictions in prepositional object construction. (a) High-proficiency group (b) Low-proficiency
group
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sentences with PO datives (Figure 3) the recipient is looked at
the most during the whole sentence for DO bias verbs (solid
lines), while for PO verbs (dotted lines), there are early looks
at the theme (light blue lines), which is the actual first argu-
ment in the PO construction. This pattern can be observed for
both proficiency groups.

For DO dative realizations, there is a clear difference be-
tween proficiency groups: In the low-proficiency group (Fig-
ure 2b), gazes follow the constituents of the sentence, with

almost no difference between verb biases (solid vs. dotted
lines). For the high-proficiency group, there is a clear dif-
ference depending on verb preference, such that PO-aligned
verbs lead to more and earlier gazes toward the theme, as in-
dicated in the difference between the solid and dotted blue
lines in Figure 2a.

Discussion
As a first result, participants consistently look at the recipi-
ent earlier and longer compared to the theme. This could be
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attributed to the fact that the recipient is animate, and thus vi-
sually more interesting: Tily et al. (2008) report a similar ef-
fect for English native speakers. Another explanation for this
pattern is that German learners of English might generally
expect dative sentences to follow the familiar recipient-theme
pattern from their native language.

In PO dative constructions, verb bias shows a similar ef-
fect across proficiency groups, indicating that learners ac-
quire subtle probabilistic patterns in the target language rather
early. This contrasts with the DO datives, where no effect
of verb bias for less proficient speakers was found. How
could this be? Consider that, as noted earlier, participants
tend to look at the recipient first, probably for non-linguistic
reasons. In the PO condition (theme-first), this is incompati-
ble with the actual linguistic realization, hence triggering an
early re-direction of attention. Apparently, learners can make
better use of stored statistical knowledge about language dur-
ing this phase. DO datives behave differently, in that their
order matches the default order. Less experienced speakers
can just ignore verb bias, as they are already looking at the
correct image. Learners with more experience, on the other
hand, are led astray by their probabilistic expectations, lead-
ing to more gazes towards the argument matching the bias,
but not the observed realization. In general, the results are
consistent with the hypothesis that less proficient speakers
are more strongly affected by L1 generic construction-biases,
and even more so when the construction meets the expecta-
tion, although it is not possible to disentangle the influence of
structural bias and visual interestingness on the basis of this
experiment. More proficient speakers have captured more
lexically specific statistic biases of the L2 and exhibit these
across constructions.

Reading Study
It is still an open question whether verb bias influences L1
comprehenders’ reading of dative sentences. Moreover, the
effects in the visual world study could have been influenced
by the presentation of the visual stimuli before the spoken
target sentence, so that participants could start building ex-
pectations even before the sentence was uttered. Finally, by
using written stimuli we could avoid the confounding of ani-
macy and structural bias that was present in the Visual World
experiment. We therefore conducted an eyetracking reading
study. In this study, we also used a more fine-grained rep-
resentation of verb-biases, which were taken from the entire
spectrum and entered the model as a continuous variable.

Design and Materials

We constructed 36 English sentences in a 2×3 design (see
the sentences in (3)), crossing the factors dative construction
(prepositional object, PO vs. double object, DO) and type of
recipient (singular animate, ani vs. collective, col vs. pro-
noun, pro). Stimuli were distributed across six lists according
to a latin square rotation scheme such that each participant
read each item in only one of the conditions.

Verb bias was captured by the best linear unbiased predic-
tors (BLUPs). The BLUPs were calculated based on the large
regression model reported in Bresnan et al. (2007). Verbs
across the whole range of attested verb biases, i.e. from al-
most exclusively prepositional object to almost exclusively
double object, were used.

(3) a. animate/collective/pronominal recipient, PO con-
struction
The delivery man | will | offer | the materials | to the
worker/the factory/him | before the end of the week.

b. animate/collective/pronominal recipient, DO con-
struction
The delivery man | will | offer | the worker/the
factory/him | the materials | before the end of the
week.

Participants and Procedure
The results reported here stem from 29 participants, who re-
ceived e 7.50 or took part for course credit. 36 target sen-
tences together with 64 filler sentences were presented to the
participants, preceded by 4 training trials. Before each sen-
tence, a fixation target appeared at the position of the first
letter of the sentence, then each sentence was presented in
whole. Each sentence was followed by a comprehension
question. After the experiment, participants completed the
same subset of the TOEFL test as in the first experiment.
Data was collected using an EyeLink 1000 (SR Research)
with chinrest, sampling the pupil position and the cornea re-
flection at a 1000 Hertz rate.

Results
For data analysis sentences were divided into 6 interest areas
as indicated by " | " in (3) (which were not present in the
actual stimuli). The first area comprised all words up to will,
the second area consisted only of will, followed by an area
which contains only the verb and then two areas consisting
of the first and second verb-argument. The sixth area covered
the rest of the sentence. Only results from the first and the
second argument areas will be reported.

Table 1: Mean reading times.

First argument
POani POcol POpro DOani DOcol DOpro

FPRT 563 551 543 618 517 249
RPD 673 664 755 846 681 307
TRT 920 1126 1126 1388 1258 464

Second argument
POani POcol POpro DOani DOcol DOpro

FPRT 741 729 388 587 619 519
RPD 834 815 453 766 916 629
TRT 1213 1311 723 1224 1402 978
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Whole trials were discarded if First Pass Reading Times
for any of the postverbal dative arguments exceeded 2000ms,
or if no reading time measures were available for either post-
verbal dative argument or the two preceding regions, which
were used to calculate spill-over covariates, leading to the re-
moval of the data of three participants.

We fitted1 separate linear mixed effects models (Pinheiro
& Bates, 2000) for First Pass Reading Times (FPRT), Regres-
sion Path Durations (RPD) and Total Reading Times (TRT).
Our baseline model consisted of the log number of charac-
ters in the interest area, as well as the log regression path
durations of the 2 preceding areas as spill-over covariates to
control for possible influences of reading difficulties on prior
regions. Random effects for items and participants as well
as participant-specific random slopes for interest area length
were also included in the baseline model.

We then enriched this baseline model in a stepwise manner.
The experimental factors construction and recipient as well
as the verb bias BLUPs and the TOEFL scores of the partic-
ipants were consecutively included as fixed effects. Further-
more, we tested all interactions between these factors. Effects
were only included in the model if they improved the overall
fit of the model (as determined by a likelihood-ratio test). We
will restrict our reporting of statistical values to TRTs, as the
effects here are the most consistently reliable; in FPRTs and
RPDs, the predictors usually either reach significance as well,
or trend in the same direction.

Construction had a reliable effect on the first argument
(|t| = 3.401, p > 0.001), and a marginally significant effect
on the second argument (|t| = 1.941, p < 0.0533): in the
prepositional object condition, the first argument (being the
theme, e.g., the materials) was read faster than the first argu-
ment in the double object condition (being the recipient, e.g.,
the worker/the factory/him), and the same is true for the sec-
ond argument. Unsurprisingly, learners with higher TOEFL
scores read faster (first argument: |t|= 2.713, p < 0.001, sec-
ond argument: |t| = 2.064, p < 0.05). There was also a reli-
able two-way interaction between verb bias and construction.
In the prepositional dative construction, verb bias did not re-
liably affect reading time (first argument: |t|= 1.629, p > .1,
second argument |t| = 0.463, p > .6). In the double ob-
ject construction, however, participants read both the first
(|t| = 2.592, p < .001) and second (|t| = 2.267, p < .05) ar-
gument faster, the more the verb was biased toward the dou-
ble object dative. Finally, we found an effect of recipient
type on the second argument. While there was no difference
between animate and collective recipients (|t| = 0.084, p >
.9), reading times in sentences with pronominal recipients
(|t| = 2.424, p < .05) were reliably faster. In other words:
in prepositional datives, pronominal recipients are read faster
than other recipients, and in double object datives, themes

1All models were fitted using the statistical software package R
(R Development Core Team, 2011) version 2.12.1, using the lme4
package version 0.999375-33. The reported p values were deter-
mined via MCMC sampling, using the function mcmcsamp from the
package lme4.

are read faster after prepositional recipients than after other
recipients. The interaction that could distinguish between
these two cases did not reach significance (likelihood-ratio
test, p < .172); the trend suggests, however, that the effect
results primarily from double object themes being read faster
after pronominal recipients.

General Discussion

The results of the eyetracking-while-reading study share
some similarities with those of the visual world study: both
studies found that learners can make use of subtle statistical
properties of the target language. In the visual world study,
we found an effect of L2 proficiency on the gaze patterns
for the two groups in the DO construction (see Figure 2).
More precisely, proficient learners show eye movement pat-
terns that are influenced by the verb bias; in contrast, such a
difference was not observed for the less proficient group. For
PO datives, both groups showed an effect of verb bias. We ar-
gued that this difference results from a general trend toward
looking at the recipient first, which matches the word order
in the double object dative. If the actual realization is not
compatible with this tendency, speakers need to change their
gaze pattern, and the speed of this change is faster if the verb
prefers the prepositional dative. In the DO case, the initial
looking-preference toward the recipient is supported by the
sentence, and an effect of verb bias would require speakers to
look away from the image that matches what they are hearing.
This does not happen for less proficient learners; as they gain
more second language experience, however, the relative im-
portance of stored statistical information increases, so that it
is not only used for repairing gazes that do not fit the expec-
tation, but can actually lead comprehenders astray from the
correct gaze pattern. We provided two possible causes for the
tendency to look at the recipient first: that recipients, which
are animate, are more visually interesting than the inanimate
themes, or that this tendency matches typical pattern of da-
tive realizations in German, where the prepositional dative is
very restricted and the overall word order pattern is strongly
biased towards recipient-theme order.

In the reading study, we found a reliable effect of verb bias
on the total reading times of both the first and the second ar-
gument in double object datives, such that a better match be-
tween bias and actual realization leads to faster reading times.
While this does indicate that verb bias plays a role while read-
ing, the details of this result seem to be the inverse of those
of the visual world study: instead of a consistent effect in
PO datives, we find an effect on DO datives only. This can,
however, be explained by a similar reasoning. Let us assume
that readers tend to expect the theme-first order. This expec-
tation is correct in PO dative sentences, and verb bias does
not have an effect there. In DO datives, the expectation does
not match the realization, and verb bias has an effect on the
subsequent repair. This assumption is supported by the fact
that reading times in the PO condition were lower for both
post-verbal arguments, and it is consistent with the findings
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of previous research that the PO realization tends to be ac-
quired earlier and more easily. Looking back at the interpre-
tation of the visual world study, this suggests that L1 struc-
tural bias does not have an effect, and that the recipient-first
patterns observed there are rooted in the visual characteris-
tics of the stimuli. On the other hand, these results would
also be consistent with the three-stage development process
suggested in the hypothesis section of the visual world exper-
iment. The median test scores were rather high for both ex-
periments (15 out of a possible 20); thus it may be that we are
primarily observing differences between learners who have
already built up hypotheses on the ’Englishness’ of the PO
dative. This is, however, not unusual for English as a Second
Language research on the dative alternation, which generally
tends to focus on advanced learners. Still, a broader spectrum
of learners would allow a more complete description of the in-
terplay and development of probabilistic determinants in sec-
ond language acquisition. Finally, differences in method and
modality of presentation make arguments across both tasks
somewhat difficult, and it would be preferable to fully tease
apart visual animacy and structural bias in the visual world
paradigm. Doing so would, however, require equal animacy
status of both roles in the stimuli, which is difficult to real-
ize given the meaning of typical dative verbs and the need for
simple, clear visualization.

Conclusion
We presented two experiments providing evidence that L2
learners are capable of capturing subtle statistical lexical bi-
ases in the second language. These effects show up in both
spoken and written language processing, indicating a com-
plicated interaction of statistical biases of lexical and senten-
tial entities. Acquisition appears to progress from capturing
course grained contrasts to L1 (PO-bias) to more fine grained
construction statistics, including lexical biases.
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