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Abstract

We model reading times relative to pronoun resolution. Instead of using hand-
constructed experimental material, we study pronoun resolution in natural text
reading. We present a series of models of the first pass reading time on the
Dundee Corpus [1]. On the one hand, we show that the models confirm factors
of influence described in a large psycholinguistic literature. On the other hand,
we present how the models can be used to study new hypotheses about factors
of influence on pronoun resolution.
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Eye-movement Corpus

I the English part of the Dundee Corpus [1]
. ∼50K words from newspaper articles
. read by 10 people

I APADEC annotation layer [2]
. 1109 anaphoric pronouns
. every pronoun is annotated with its closest antecedent

Reading Time and Reading Regions

Reading times of pronouns are hard to establish [3, 4], because:
I pronouns are often not fixated
I pronouns can be read in parafoveal vision
I the effects of pronoun resolution might be delayed

Solution:
I six different regions of interest: the word before the pronoun, the pronoun

itself and the four words following it

Statistical Model

I Each region corresponds to a mixed-effects model that predicts
log-transformed first pass reading time
. textttlme4 R package [5].

I random intercepts for pronouns and participants
I control factors: low-level factors

. forward probability [6]

. backward probability [6]

. length in characters of the reading region

. log-frequency in the Dundee Corpus of the word in the region

. log-frequency in the BNC of the word in the region

. log-frequency in the Dundee Corpus of the word previous to the region

. log-frequency in the BNC of the word previous to the region

. launch position of the first fixation on the region

. the landing position of the first fixation on the region
I pronoun factors: anaphoric relation (next section)

Pronoun Factors

Our study has two goals:
I Confirm factors described in the psycholinguistic literature

. distance between the pronoun and its antecedent [3]

. the frequency of the antecedent [7, 4]

. the subject preference [8]

. grammatical parallelism [9]
I Discover new factors and to study less well known factors

. the difference between various gender and number features

. the distance from the anaphoric pronoun to the beginning of a text: a
larger number of antecedent candidates in a text leads to more
processing cost of anaphora [10]

. the length of the antecedent in words

Results

I antecedents with higher frequencies in the corpus lead to less reading time
I a pronoun in the subject position is read faster
I antecedents with syntactic roles other than subject and direct object slow

down the reading
I the word before the pronoun is read faster when the distance between the

pronoun and the antecedent is longer; the reading is delayed later

I the neutral gender (it) leads to more reading time
. it can be anaphoric and pleonastic. Hence, the increased reading time

can come from the decision readers have to take whether the pronoun is
anaphoric or not.

I they is read faster compared to the other pronouns
. they might be less ambiguous than other pronouns.

I More distance between the pronoun and the beginning of the text leads to
more reading time, suggesting that more discourse referents increase the
processing load of anaphora.
. In future work we will test this hypothesis.

I For the length of the antecedent no significant effect was found.

Table 1: Coefficient estimates for the models of first pass reading time for the six regions of

interest (from one word before the pronoun to four words after, the pronoun being region 0).

Control factors and intercepts are not reported.

Region -1 0 1 2 3 4
Literature Factors
distance antecedent & pronoun -4.1E-03 * 2.2E-03 6.4E-04 1.1E-03 4.2E-03 * 2.4E-03
log freq antecedent Dundee 1.8E-03 2.3E-03 2.8E-03 2.7E-03 -5.5E-03 -8.5E-03 *
log freq antecedent BNC -2.5E-04 1.4E-03 -4.8E-04 -7.2E-05 3.8E-03 5.6E-03
syntactic role pro subj 6.4E-03 8.1E-03 -7.1E-03 -2.0E-02 * -7.5E-03 -2.7E-03
syntactic role pro other 9.3E-04 5.3E-03 4.2E-04 -3.3E-03 -1.2E-02 -9.5E-03
syntactic role antecedent subj 7.2E-04 3.7E-03 1.4E-02 . 4.8E-03 1.1E-02 1.1E-02
syntactic role antecedent other 1.6E-03 -1.3E-03 2.0E-02 * 6.7E-04 1.3E-02 -6.6E-03
parallel function -5.6E-03 -1.3E-02 . -2.6E-03 -1.2E-04 -2.8E-03 -1.1E-02
New Factors
pronoun = they 1.3E-03 1.5E-02 -1.9E-02 * -8.5E-03 -1.2E-02 7.4E-03
pronoun = it -1.0E-02 2.5E-02 * -3.3E-03 -4.9E-03 1.7E-03 1.2E-02
distance pronoun begin -3.3E-03 -2.4E-04 4.7E-03 * 7.6E-04 -9.2E-05 -6.3E-04
length antecedent 1.0E-03 7.2E-04 3.6E-04 1.4E-03 . -1.1E-03 -2.1E-04

Conclusion

Our study on pronoun resolution is — to our knowledge — the first using data
from natural text reading. With our data and method, we were able to confirm
the influence of factors known from a vast psycholinguistic literature on anaphora
resolution, adding evidence for the robustness of these factors. Furthermore, our
method allowed us to study new factors of influence.
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