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Abstract

We investigate the impact of syntactic alternatives on pronoun resolution in ambiguous
constructions in English and French. Previous research detected language-specific
preferences in pronoun resolution in utterances of the type “The postman met the
streetsweeper before he went home”. These preferences have been attributed to the
interaction of information structural and syntactic constraints inducing a subject bias
on the one hand, and Gricean reasoning processes taking into account alternative
syntactic constructions on the other hand. A corpus study of four English and French
corpora shows that an alternative construction which takes a subject antecedent (“The
postman met the streetsweeper before going home”) is much less frequent in spoken
English than French. A Rational Speech Act (RSA) model with corpus frequencies
integrated as language-specific costs on the use of each construction makes empirical
predictions for pronoun resolution preferences in French and English for sentences
with “avant”/“before” which have been tested before but also for sentences with
“apres”/“after” which have not been tested so far. New experimental data show a very
good fit of the model predictions for pronoun resolution preferences in English as well
as for the differences in antecedent choices between French and English. However,
experimental data showing differences in antecedent choices between French
sentences with “apres” and “avant” deviate from model predictions, indicating that
more factors need to be taken into account. The combination of Bayesian modeling,
corpus analyses and experimental data shows that RSA models can make relevant and
falsifiable predictions for cross-linguistic variation in processing.
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1 Introduction Schulz et al.
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An important current puzzle in psycholinguistics is how to account for variation in the resolution DOI: 10.5334/gjgl. 1142
of ambiguous pronouns across languages. This puzzle can be illustrated by data such as those

in (1), from Hemforth et al. (2010).

(@))] a.  English:

The postman met the streetsweeper before he went home.

b.  French:
Le facteur  a rencontré le balayeur avant qu’ il rentre ala maison.
The postman met the streetsweeper before he went home.

c. German:
Der Brieftrager hat den Stralenfeger getroffen bevor er nach Hause ging.
The postman  has the streetsweeper met before he home went.

Previous research has shown that, while the sentences are superficially similar, the ambiguous
pronoun that is the subject of the subordinate clause in (1) is interpreted differently across
languages (Hemforth, Colonna, Pynte & Konieczny 2004; Hemforth, Konieczny, Scheepers,
Colonna, Schimke & Pynte 2010; Colonna, Schimke & Hemforth 2012, 2014; and Baumann,
Konieczny & Hemforth 2014). The pronoun can refer back either to the subject (the postman)
or the object (the streetsweeper) of the matrix clause. A number of experiments in the above-
mentioned sources have reliably demonstrated that English and German speakers prefer to
resolve the ambiguous pronoun in this kind of sentence as referring to the subject of the main
clause, while French speakers tend to interpret the pronoun as referring to the object.

The findings for English and German can be explained by general cross-linguistic preferences
in anaphora resolution for the first-mentioned antecedent (see e.g. Gernsbacher & Hargreaves
1988) or for the subject (see e.g. Jarvikivi, van Gompel, Hyonéd & Bertram 2005). However,
these approaches cannot explain why there is an object preference in French. Baumann et
al. (2014) give a possible explanation for the French data based on Gricean reasoning and
the availability of an alternative grammatical construction to express one of the two possible
readings of the sentence: they observe that French grammar also generates the expression in (2),
which is identical to (1b), except that the complementizer que is substituted by the preposition
de, the subjunctive form rentre by the infinitival form rentrer, and the pronoun il by PRO which
is grammatically bound to the subject of the matrix clause and can therefore only be interpreted
as referring to the postman.

2) Le facteur a rencontré le balayeur avant de PRO rentrer a la maison.
The postman met the streetsweeper before PRO gO.INF home.

French speakers obeying Gricean maxims such as manner (be perspicuous, avoid ambiguity, etc.)
should be more likely to resolve the pronoun in the subordinate clause to the object, in order to
avoid ambiguity with (2), which has obligatory resolution to the subject.!

Although this Gricean analysis accounts for cross-linguistic variation between German and
French, it runs into problems when applied to English. English also possesses a non-finite
construction corresponding to the French one in (2), which is shown in (3). Nevertheless, English
(1a) shows similar subject-oriented anaphora interpretation preferences as German (1c).

3) The postman met the streetsweeper before going home.

To account for the difference between English and French, Baumann et al. (2014) propose
a frequency-based explanation: in a small-scale corpus study (Europarl, Koehn 2005), they
observe that the French non-finite construction in (2) is much more frequent than its English
counterpart in (3), and hypothesize that English speakers simply do not take the existence of the
alternative construction in (3) into account in the process of reference resolution when faced
with sentences like (1a). Therefore, according to the frequency-based account, the preferences

1 One of our anonymous reviewers questioned whether the assumption that the non-finite construction
unambiguously refers to the subject can be empirically verified. We report the results of a follow-up study
conducted to test this assumption in Appendix D of the supplementary materials.
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in favor of the subject or first-mentioned antecedent would remain decisive for determining
pronoun reference in English.

Although experimental and corpus data so far support the above line of reasoning, along with
similar data collected for Portuguese (Baumann, Konieczny & Hemforth 2014) and Catalan
(Mayol & Clark 2010), no formal account of the precise workings of, and interaction between,
these different mechanisms appearing to be jointly responsible for the observed cross-linguistic
variation in pronoun resolution has been developed so far.? Rational Speech Act (RSA) models
(Frank & Goodman 2012) provide a means to formalize core parts of Gricean reasoning using
the tools of game theory, information theory and Bayesian inference. Such models allow for
explicit predictions to be made about the nature and interaction of the diverse factors that
underlie language production and interpretation, and therefore naturally lend themselves
to the study of complex psycholinguistic phenomena like pronoun resolution. Conceiving of
linguistic communication as social cognition (Goodman & Stuhlmdiller 2013), they can be used
not only to explain and predict experimental as well as corpus data, but further, to reinforce the
cognitive plausibility of existing theoretical approaches.

In this paper, we present new data from cross-linguistic and genre-sensitive corpus studies which
not only partially reproduce previous findings, but also draw a more fine-grained portrait of the
frequencies and conditions of use of the different types of construction in English and French.
This provides a much needed counterpart to the extensive body of experimental data that has
been gathered on the use of alternative constructions, and it further allows for the investigation
of open issues of previous research, such as the question whether the observed cross-linguistic
differences can extend to other connectors, which may further differ in verbal mood (Hemforth
et al. 2010), and the hypothesis that the preference for the finite construction in English is
limited to spoken registers (Baumann et al. 2014). Based on the results obtained in our corpus
study as well as on data from experiments and corpus studies conducted in prior research, we
develop and fine-tune RSA models (Frank & Goodman 2012; Goodman & Stuhlmiiller 2013) of
the pragmatic inferences at play in the resolution of ambiguous non-reflexive pronouns. The
models integrate the frequencies of the respective constructions found in the corpus study with
general constraints on pronoun resolution in order to predict the language-dependent pronoun
resolution preferences. The RSA models make precise predictions for pronoun resolution
preferences in English and French not only for sentences with before/avant, which have been
tested in previous experiments, but also for after/aprés. New experimental data from English
and French show a very good fit with model predictions for English as well as for the differences
in antecedent choices between French and English.

2 Alternative constructions and Gricean reasoning

A vast body of research in pragmatics and psycholinguistics has shown that the existence of
alternative utterances in a language can influence how we interpret its expressions. A classic
example of this phenomenon is scalar implicature: as discussed by Grice (1975), Horn (1984),
and Levinson (2000), among many others, in many situations, listeners will interpret a sentence
with the quantifier some, such as (4), as equivalent to the sentence with some but not all in (5),
despite the fact that some allows for a some and possibly all interpretation in many semantic
environments (6).

4) Mary ate some of the cookies.
5) Mary ate some but not all of the cookies.
(6) Did you eat some of the cookies? (you must answer yes if you ate all of them)

The explanation for the generation of the not all inference in (4) within the Gricean tradition is
that in interpreting (4) listeners also take into consideration the alternative expression (7), and
reason about why the speaker chose to utter (4) instead of (7).

2 There is a large amount of research (both on the experimental and on the formal modeling side) into the
interpretation of null and overt pronouns in the context of pro-drop (Carminati 2002; Mayol & Clark 2010; de la
Fuente et al. 2013, 2016, among many others). In this paper, we focus only on the non-pro-drop languages English,
French and German.
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()] Mary ate all of the cookies.

In particular, our conversations take place under the understanding that, when we communicate,
we will obey certain principles (or maxims) such as Make your contribution as informative
as possible (for the current purposes of the exchange) (Quantity); Make your contribution true
(Quality), and Be perspicuous; so avoid obscurity and ambiguity (Manner). Since (7) is true only
in a subset of the situations in which (4) is true (the ones in which Mary ate all the cookies), (7)
is more informative. Therefore, given the maxims of Quantity and Quality, the listener reasons
that if (7) were true, the speaker would have uttered it rather than (4). Since they uttered (4),
the listener concludes that (7) is not true, i.e. draws the not all implicature.

Gricean-style explanations have also been applied to syntactic parsing preferences, and cross-
linguistic differences in language processing. For example, although sentences such as those in
(8) are, in principle, ambiguous between a parse in which the relative attaches to the direct
object (the daughter of the colonel: high attachment) and one in which the relative attaches
to the complement of daughter (the colonel: low attachment), English speakers prefer the
low attachment parse, whereas Spanish speakers prefer the high attachment parse (Cuetos &
Mitchell 1988, Frazier & Clifton 1996).

8 a. The journalist interviewed the daughter of the colonel who had the accident.
b.  El periodista entrevisto a la hija del coronel que tuvo el accidente.

Frazier & Clifton (1996) propose that the observed differences between English and Spanish
arise from listeners reasoning about the different sets of alternative constructions available in
the two languages. More specifically, unlike Spanish, English has a Saxon genitive construction
(9) in which the relative can only attach to the direct object (the colonel’s daughter).

9 The journalist interviewed the colonel’s daughter who had the accident.

Since (9) can describe only a subset of the situations that (8a) can describe, (9) can be
considered more informative than (8). Therefore, English listeners hearing (8a) will be more
likely to draw the inference that it was the colonel who had the accident, because if it was
the daughter, the speaker would have used the Saxon genitive construction (9). Spanish has
no construction comparable to (9); therefore, no alternative-based reasoning takes place and
the relative clause most often attaches to the first mentioned constituent, the direct object in
this case.

As mentioned in the introduction, Hemforth et al. (2010) and Baumann et al. (2014) provide
Gricean-style explanations for cross-linguistic differences between German and French
pronoun resolution. French has an alternative non-finite construction which can describe
only the situations in which the postman goes home (11),® and this alternative is more
informative than the finite alternative (10b), which can describe both situations: one in which
the postman goes home or one in which the streetsweeper goes home. Therefore, through
Gricean reasoning, listeners are predicted to prefer to interpret the pronoun il in the finite
subordinate clause in (10b) as referring to the direct object, which is compatible with the
empirical findings. German has no relevant non-finite construction; therefore, no alternative-
based reasoning takes place and the pronoun er in (10a) is predicted to most often refer to
the first mentioned referent (the postman), which is consistent with a general subject or first-
mention preference.

(10) Finite construction
a.  Der Brieftrager hat den Stralenfeger getroffen bevor er nach Hause ging.
b.  Le facteur a rencontré le balayeur avant qu’il rentre a la maison.

3 It has been argued that French as other Romance languages allows for experiencer objects to be antecedents
for PRO in sentences like “Le parachutisme effraye Pierre avant méme de PRO y avoir été initié.” (‘Skydiving scares
Peter even before PRO being initiated to it.”; Legendre 1993). A follow-up study (see supplementary materials,
Appendix D) shows, however, that subject antecedents are a near categorical choice for French speakers with
96% of subject choices in sentences like (11) with avant or aprés (similar to English speakers with 93% subject
antecedent choices in non-finite constructions with before or after), which is within the range of error expected in
online experiments (see, for example, Hemforth et al. 2020).

Schulz et al.
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(11) Non-finite alternative construction
Le facteur a rencontré le balayeur avant de PRO rentrer a la maison.

The accounts of scalar implicature, relative clause attachment and pronoun resolution
described above crucially rely on the correct identification of the set of alternatives that
are input to Gricean reasoning. However, the precise criteria for defining sets of alternative
constructions within a language and cross-linguistically remains an open question in formal
pragmatics and psycholinguistics (see Atlas & Levinson 1981; Horn 1989; Chierchia 2004;
Katzir 2007; Fox & Katzir 2011, among others). An influential proposal in formal pragmatics
is that of Katzir (2007) and Fox & Katzir (2011) who propose that sets of alternatives are
generated by three operations on linguistic expressions: deleting constituents, substituting
constituents with elements from the lexicon, and replacing constituents with material
provided by the context.

Under Fox & Katzir’s theory (see also Chierchia 2004), (4) and (7) count as alternatives, since
(7) is the result of substituting all for some in (4); (8a) and (9) count as alternatives, since (9)
can be derived from (8a) by substituting the case marker ’s for the preposition of (and satisfying
the syntactic requirements of ’); and (10b) and (11) count as alternatives, since (11) can be
derived from (10b) by substituting the complementizer que for the preposition de, the pronoun
il by PRO, and the subjunctive form rentre by the infinitival form rentrer.

Although alternative-based reasoning accurately predicts variation in pronoun resolution
between French and German, as mentioned in the introduction, the simple existence of an
alternative (as defined by Fox & Katzir) in the language does not always appear to trigger
Gricean reasoning. English (12a) and (12b) are alternatives in the Fox & Katzir sense, since
(12b) can be derived from (12a) by substituting going for went and PRO for he; however, English
speakers still show a subject preference for the interpretation of he in (12a).

(12) a. The postman met the streetsweeper before he went home. Finite
b.  The postman met the streetsweeper before PRO going home. Non-finite

Nevertheless, Hemforth et al. (2010) and Baumann et al. (2014) observe that the French and
English finite and non-finite constructions are not identical in every way. Baumann et al. (2011,
2014) show in a corpus study that the non-finite construction is over 1.5 times more frequent
in French than the finite construction, while in English, it is the finite construction which is
more than four times as frequent as its non-finite counterpart. They therefore hypothesize that
frequency also plays a role in defining the set of alternatives triggering Gricean reasoning, and
that the English non-finite construction (12b) is simply not frequent enough to be accessible in
language processing and thus to count as an alternative to (12a).

The notion that frequency plays a role in the definition of the set of alternatives, and that
it can explain cross-linguistic variation between French and English, is appealing; however,
many of its aspects and consequences are currently under-developed. For example, it remains
an open question where such vast differences in corpus frequencies of parallel constructions
among languages come from. In a side note, Baumann et al. (2011: p. 3297, 2014: p. 208)
propose the hypothesis that the non-finite construction in English may be preferably used in
written registers as compared to spoken language, which could in turn explain the diminished
impact of the alternative construction on ambiguous pronoun resolution. So far, genre-,
modality- or register-specific variation of the frequency of alternative constructions has not
been empirically explored. Should the alternative construction prove to be mostly confined
to written registers in English, this could explain why English speakers, as opposed to French
speakers, do not take it into account in pronoun resolution. In order to test this hypothesis,
as well as the general impact of modality and genre, we conducted corpus analyses across
three genres (spoken, newspaper, literature) in English and French to provide a more detailed
picture of the distribution of finite and non-finite constructions for before/avant and after/aprés.
The individual frequencies of each construction in the spoken corpora are then integrated
as costs into the Rational Speech Act models developed for each language and connector in
Section 4, whose precise quantitative predictions are in turn evaluated against new empirical
data in Section 5.

Schulz et al.
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3 Corpus study

The corpus analysis presented in this section further extends the domain of alternatives under
investigation to complementizer and prepositional uses of after, which provide a further
pair of alternative constructions consisting of an ambiguous finite construction and a non-finite
counterpart in which the zero anaphor is bound to the subject of the matrix clause (13)—(14).

13) English
a.  The postman met the streetsweeper after he went home.
b.  The postman met the streetsweeper after going home.

14) French
a.  Le facteur a rencontré le balayeur aprés qu’il est rentré a la maison.
b.  Le facteur a rencontré le balayeur apres étre rentré a la maison.

An overview of the different types of the pairs of alternative constructions in English and French
— anaphoric embedded clauses with before/avant and after/aprés — that constitute the object of
inquiry of the following corpus study are presented in Table 1, along with their relevant formal
properties. Note that, unlike in English, the prepositional uses of avant que and apreés que differ
in the mood of the embedded clause.

Construction type English French
finite construction before + finite phrase avant que + finite phrase in subjunctive
mood

alternative non-finite construction before + gerund phrase  avant de + infinitive

finite construction after + finite phrase apres que + finite phrase in indicative
mood

alternative non-finite construction  after + gerund phrase apreés + infinitive of avoir/étre + past
participle

Hemforth et al. (2010) advanced the hypothesis that the variation between subjunctive and
indicative mood following different French conjunctions provides an obstacle for French speakers
using the finite construction with respect to English speakers. French speakers often use the
indicative mood after avant que (Kastronic 2016), despite the fact that normative grammarians
prescribe the subjunctive (Poplack et al. 2013). However, the conjunction apreés que has seen the
inverse effect: while normative grammarians continue to insist that it be followed by indicative
mood, it is frequently employed with the subjunctive mood, especially in spoken French (Canut
& Ledegen 1998; Kastronic 2016). It is possible that uncertainty surrounding the use of the
conjunctions takes its toll on the ease with which the finite construction is produced. This
could then help explain the French preference for the non-finite construction for which there
is no need to decide which mode to employ, and conjugation is dispensed with altogether.
Furthermore, the production of the subjunctive may be considered more cognitively taxing
than that of the indicative. It is therefore also interesting to investigate the finite and non-
finite uses of apreés alongside avant. Our corpus study thus investigates the uses of conjunctive
vs. prepositional after or aprés and compares the respective uses of both connectors with each
other. Results from the corpus analysis are used for a Rational Speech Act model that predicts
preferences for antecedent choices in experimental data. Those predictions are then tested in
questionnaire studies in English and French.

3.1 The corpora

In prior corpus studies, Baumann et al. (2011, 2014) made use of Europarl (Koehn 2005), a
parallel corpus which consists of a collection of the proceedings of the European parliament
translated into each of the 11 official languages of the European Union. However, the fact that
Europarl consists of translations means that the bias of the translator could constitute a factor
influencing the results, and furthermore, it is restricted to a single genre and thus does not
offer the diversity of genres required for the present purposes. Therefore, for the English study,

Schulz et al. 6
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Table 1 Overview of the
different types of construction
investigated in the corpus
study.
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we choose to use the Corpus of Contemporary American English (COCA, Davies 2008). COCA
currently consists of over 570 million part-of-speech tagged words, with 20 million words
added each year evenly divided across 5 different genres since 1990. The fact that its data
are spread evenly across different genres and modalities and that the data within each genre
are further balanced across numerous sub-genres makes it a natural candidate for the present
purposes. The relevant sections of COCA include Fiction (over 111 million words), Newspaper
(over 112 million words) and Spoken (over 116 million words). The sources within each section
are diverse, with texts in the Fiction section ranging from plays to magazines, the Newspaper
section including articles from 10 newspapers from different domains, and the Spoken section
consisting of unscripted conversation from over 150 different radio and TV programs.

No single resource exists for French that would be comparable to COCA in terms of size or
variety of genres. We therefore studied multiple French corpora, which were selected based
on their size and their correspondence to the different sections of COCA. Frantext (https://www.
frantext.fr/), a corpus containing 251 million words belonging to diverse literary genres, was
chosen as a rough counterpart to COCA’s Fiction section. From 2018 onwards, the renewed
online query interface of Frantext allows to formulate searches using regular expressions and a
generalized Corpus Query Language (CQL). However, as the sources of Frantext date back many
centuries, a filter was added to restrict the date range of the sources to those from 1990 and
later to be on a par with COCA in order to control for effects of diachronic change. This resulted
in a sub-corpus containing over 22 million words.

The Est Républicain corpus provides a large corpus of journalistic French and can therefore
constitute a counterpart to COCA’s Newspaper section. It is freely available for download and
could thus be interrogated by advanced tools for corpus linguistics such as AntConc (Anthony
2018) using regular expressions. The corpus contains roughly 149 million words collected from
the Est Républicain, a local newspaper based in the eastern part of France, over the years 1999,
2002 and 2003 (Seddah et al. 2012; ATILF & CELLE 2020).

Finally, a lemmatized version of the two ESLO corpora (Enquéte sociolinguistique a Orléans,
http://eslo.huma-num.fr/) provides a rich resource of transcriptions of spoken French containing
over 4 million words collected from sources ranging from phone conversations to public debates
from 1969 to 1974 (ESLO1 corpus) and 2008 to 2012 (ESLO2 corpus). With the diversity of the
sources the ESLO corpora contain, they constitute a fairly balanced corpus. Their focus on daily
interactions and limitation to speakers from mostly the French city of Orléans nevertheless
slightly set them apart from COCA’s more media-focused and demographically balanced
Spoken section.

3.2 Procedure

We restricted our search to non-cataphoric conjunctive and prepositional uses of before (avant)
and after (aprés). A full list of the CQL expressions and corpus hits obtained is detailed in
Appendix A. English non-finite alternative constructions were required to contain a gerund,
French non-finite alternatives an infinitive. Only cases where the constructions did not appear
in sentence-initial position were taken into account,* since cataphoric pronouns are subject to
different constraints than anaphoric pronouns (Fedele & Kaiser 2014).

3.3 Results

Tables 2 and 3 show the raw counts of sentence-final occurrences for each of the three sections
of COCA together with the proportion of the alternative (non-finite) construction with respect
to the finite construction. Table 2 summarizes the results for before, while Table 3 displays those
for after.

First of all, these results show that the alternative construction is generally much less frequent
in both spoken English and literary English for both connectors, while the frequency ratios are
reversed in journalistic English where the alternative construction is used more frequently than
the finite construction, especially with prepositional after.

4 Except for the ESLO corpora which contain no marking of sentence boundaries; here, we manually checked
that no match for any of our queries occurred at the beginning of a new speaker turn.
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Spoken  Fiction Newspaper

Finite construction 25,087 39,309 14,897
Alternative (non-finite) construction 3,065 13,047 16,613
Proportion non-finite 0.11 0.25 0.53

Spoken  Fiction  Newspaper

Finite construction 12,930 15,058 12,244
Alternative (non-finite) construction 8,523 7,846 27,021
Proportion non-finite 0.40 0.34 0.69

As expected, the French corpora draw a very different picture. Tables 4 and 5 show the number
of corpus hits for sentence-final constructions with avant and aprés. The number of raw corpus
hits shown in the tables differs drastically depending on corpus size because the French corpora
are not as balanced with respect to size as the sections of COCA. Nevertheless, the proportion of
the alternative construction compared to the finite construction shows the relative distribution
of the two constructions across the respective corpus.

ESLO  Frantext  Est Républicain

Finite construction 88 848 692
Alternative (non-finite) construction 241 5,021 22,382
Proportion non-finite 0.73 0.86 0.97

ESLO  Frantext Est Républicain

Finite construction 22 274 178
Alternative (non-finite) construction 73 2,358 12,040
Proportion non-finite 0.77 0.90 0.99

Across the French corpora, the results also show great differences in the use of the alternative
construction with respect to the finite construction for both before and after. Although it is used
more frequently than the finite construction across all three genres, the alternative construction
is used even more frequently in journalistic French with respect to spoken or literary French.
In fact, French shows the same tendency here as English towards highly increased use of the
alternative construction in journalistic language. With the exception of the data for after in
English (see Table 3), the alternative construction is furthermore used more often in literary
than in spoken language in both English and French. Figures 1 and 2 show the corpus results as
a proportion of non-finite constructions for French and English respectively.®

For inferential statistics, we coded finite constructions as zero and non-finite constructions
as 1 to serve as the dependent variable. The predictors (connector, language) were mean
centered coded. The predictor genre was mean centered coded with spoken as the reference
category to which literary and news are compared.® The predictors as well as all interactions
were submitted to a logistic regression model (see Table 6, as well as Appendix C for the logistic
regression formula).

5 Error bars are calculated based on normal approximation of the binomial distribution which is adequate for
our sample sizes.

6 Predictors are coded such that positive estimates mean for connector: more non-finite constructions for
apres/after than avant/before; for language: more non-finite constructions for French than for English; for literary-
spoken: more non-finite constructions for literary than for spoken; for news-spoken: more non-finite constructions
for news than for spoken.
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Table 2 Corpus counts of
sentence-final before in
English.

Table 3 Corpus counts of
sentence-final after in English.

Table 4 Corpus counts of
sentence-final avant in French.

Table 5 Corpus counts of
sentence-final apres in French.
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Genre
@ spoken literary @ news

J—
==

apres avant
Connector

1.0

Proportion non-finite
00 02 04 06 0.8
|

Genre
@ spoken literary @ news

1.0

after before
Connector

Proportion non-finite
00 02 04 06 08
|

As shown in Table 6, all predictors have significant main effects with significantly fewer
non-finite constructions for before/avant than for after/apres, significantly more non-finite
constructions in news corpora as well as in literary corpora compared to spoken corpora, and
finally significantly more non-finite constructions in French than in English.

The central outcome for this paper is, however, the significant three-way interaction between
connector, language and literary and news compared to the spoken genre, which we later
investigate in a little more detail. Given that the written corpora (news and literary) are subject
to editing to varying extents and may thus reflect stronger adherence to linguistic norms, we
focus on the data from spoken corpora to derive model predictions.

A more general pattern in the corpora that we analyzed concerns the distribution of the
connectors after/aprés and before/avant across genres and languages. Logistic regressions
predicting connector type with after/apres coded as 0 and before/avant coded as 1 as dependent
variable and genre and language as mean centered predictors (with spoken as reference category
for genre) show that before/avant constructions are generally preferred across languages
(Estimate = 0.353579, Std. Error = 0.006171, z = 57.298, p < .0001) with significantly
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Figure 1 Proportion of non-
finite constructions for aprées
(after) and avant (before) in
the French corpora.

Figure 2 Proportion of non-
finite constructions for after
and before in the English
corpora.
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Estimate  Std. Error Z-value p-value

intercept 0.113588 0.007477 15.192 <.0001
connector 0.752998 0.015906 47.342 <.0001
literary-spoken 0.557299 0.026717 20.860 <.0001
news-spoken 1.963992 0.026866 73.103 <.0001
language 3.014905 0.033586 89.768 <.0001
connector:literary -0.973401 0.057382 -16.963 <.0001
connector:news -0.717452 0.057606 -12.455 <.0001
connector:language -0.314011 0.073668 -4.263 <.0001
literary:language 0.353739 0.129486 2.732 <.01
news:language 0.894099 0.130672 6.842 <.0001
connector:literary:language 1.416511 0.284561 4,978 <.0001
connector:news:language 1.548790 0.287504 5.387 <.0001
more before/avant constructions in French than in English (Estimate = 0.572198, Std.

Error = 0.026536, z = 21.563, p < .0001). However, two-way interactions between language
and genre show that both languages show a similar preference for before/avant constructions in
the literary genre while the higher proportion of before/avant in French holds for the news and
for the spoken genre (literary-spoken*language: Estimate = —0.995242, Std. Error = 0.119420,
z = -8.334, p < .0001; news-spoken*language: non significant, p > .3). After and before are
more evenly distributed in English than in French for these two genres (see Figure 3). We discuss
the possible implications of this finding in Section 5.

Language
@ English @ French

B
c

S
2oy
Q

O © | . , ,
Qo ©

O

c < . , ,
Q °

S o ; , ,
O o

Q

o Q. . , ,

o .
spoken literary news
Genre

3.4 Discussion

While many highly interesting conclusions can be drawn from the corpus data presented in this
section,” we simply highlight those which are of central importance for testing our hypotheses
using formal modeling in the next section:

7 For more detailed discussion and explanation of genre-related differences in frequencies of before/after see
Schulz (2018).
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Table 6 Logistic regression
results for the corpus study.

Figure 3 Proportion of before/
avant constructions (out of
before/avant + after/apreés).
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1. The results of the present study confirm the general preference for the finite construction
in English and for the alternative construction in French obtained by Baumann et al.
(2011; 2014) although the preferences depend on the genre with generally more non-
finite constructions in the news corpora.

2. While the non-finite construction is equally prevalent for aprés and avant in French, it is
significantly less frequent for before than for after in English.

3. Before/avant constructions are more frequent in literature across languages as well as in
spoken and in news corpora in French, but not in English.

We now incorporate these findings into Rational Speech Act models in order to identify the
predictions that a Gricean Reasoning + Frequency-based theory makes for pronoun resolution
with avant, aprés, before and after.

4 A Rational Speech Act model of cross-linguistic pronoun
resolution

The results of the corpus study in Section 3 further reinforce the question if overall frequencies
in particular in spoken language could condition whether an utterance can be perceived as an
alternative to another utterance and as such, impact the interpretation of an ambiguous pronoun
in the latter. However, it is not clear how exactly to integrate this observation into the Gricean
analysis for pronoun resolution sketched in Section 2. Furthermore, as has been frequently
observed since Kroch (1972), Horn (1972) and Gazdar (1979), Grice’s maxims, as stated, need
to be refined in order to make clear predictions for the wide range of pragmatic phenomena
that we find in natural languages. Grice (1975) himself viewed linguistic communication as an
instance of more general rational behaviour, saying (p. 47),

As one of my avowed aims is to see talking as a special case or variety of purposive, indeed
rational, behaviour, it may be worth noting that the specific expectations or presumptions
connected with at least some of the foregoing maxims have their analogues in the sphere of
transactions that are not talk exchanges.

Building on this idea, the field of game-theoretic pragmatics uses the tools of game theory, a
formal theory of interaction (see Osborne & Rubinstein 1994 for an introduction), to model
the interactive decision making processes involved in pragmatic inferences (see Benz et al.
2005; Franke 2009, among others). Game-theoretic frameworks, such as the Rational Speech Act
model (RSA, Frank & Goodman 2012), provide a precise mathematical framework formalizing
key aspects of Gricean pragmatics, which allows for the integration of the corpus frequencies
observed in Section 3. The RSA architecture is based on a signaling game (Lewis 1969). In a
signaling game, there are two players: the speaker (S) and the listener (L). S observes a fact
about the world, called their type, and their goal is to communicate this fact to L. S has a
set of messages, linguistic forms paired with semantic meanings, which they can use to help
communicate their type to L. S’s action is to pick a message to send to L. L’s action is to hear
S’s message and to assign it some interpretation and, in doing so, update their beliefs about the
world. If S’s type and L’s message interpretation coincide, then both players win. Otherwise,
they both lose. What distinguishes the RSA (and similar frameworks, see Franke 2009; Qing &
Franke 2015) from other approaches in game-theoretic pragmatics is 1) its use of an iterated best
response solution concept which models the ‘back and forth’ reasoning of speakers and listeners
about their interlocutors’ behaviour, 2) its formalization of Gricean Quality and Quantity as
conditionalization and negative surprisal respectively, and 3) its characterization of listener
interpretation as Bayesian inference. We illustrate how RSA models work by building one for
pronoun resolution in French. We then build corresponding models for German and English and
discuss the predictions that they make for cross-linguistic variation.

4.1 RSA models of pronoun resolution in French

An RSA model consists of two agents, S and L, a set of possible worlds W, a set of messages M,
an interpretation function [[.]], a cost function C, and a function representing L’s prior beliefs
Pr. In this section, we describe these different components for our proposed models for pronoun
resolution after avant and apreés in French. All the calculations presented in this paper were
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done by computationally implementing the models in WebPPL, a probabilistic programming
language based on Javascript (Goodman & Stuhlmiiller 2015).8

4.1.1 Modeling pronoun resolution in subordinate clauses introduced by avant

W represents the range of different possible worlds that S could be communicating to L. For
modeling the interpretation of the pronoun il in Le facteur, a rencontré le balayeur, avant qu’il
rentre a la maison, there are two relevant states of affairs: w,, where the mailman (NP,) went
home, and w,, where the streetsweeper (NP,) went home; so W = {w,, w,}. As discussed above,
French possesses a non-finite alternative construction ... avant de PRO rentrer d la maison which
can be used to describe only w,. Therefore, M = {avant qu’il rentre a la maison, avant de PRO
rentrer a la maison}, and the interpretation function [[.]] is defined as in (15).

15) a. [[avant qu'’il rentre a la maison]] = {w,, w,}
b. [[avant de rentrer a la maison]] = {w,}

Since we test our models using experimental data in Section 5, the corpus frequencies that are
most relevant for the rest of the paper are the ones from spoken corpora. In order to integrate
the frequencies into the model, we encode them as part of the cost function, C, by taking the
natural logarithm of the proportions in the corpus (for French, see Table 4). Since in the ESLO
corpus, the proportion of use of avant de rentrer a la maison is 0.73, meaning that the proportion
of avant qu’il rentre a la maison is 0.27, C(avant de rentrer a la maison) = —0.315 and C(avant qu’il

rentre a la maison) = -1.309, as shown in Table 7.
Proportion in spoken corpus P Message cost = log(P)
Finite construction 0.27 -1.309
Alternative non-finite construction  0.73 -0.315

The final component of the RSA model is Pr: a specification of the listener’s hypotheses concerning
which state of affairs is most likely at the point when they hear the main clause Le facteur a salué
le balayeur, but prior to their hearing the subordinate clause avant que/de... We assume that
general sentence-level constraints on pronoun resolution such as subject preference, syntactic
parallelism, and the impact of linear order shapes the prior. In particular, many continuation
studies of pronoun resolution have shown that, in continuations with sentences with two NPs
like the ones we are modeling, when speakers use a pronoun, it refers to the subject NP around
80% of the time (80% in Arnold 2001; 78.5% in Kehler & Rhode 2019, for example). We
therefore assume that Pr(w,) = 0.8 and Pr(w,) = 0.2.

As the first step in their interpretation process, the listener in an RSA model reasons that
their interlocutor is obeying Grice’s maxim of Quality when they choose their utterance. The
RSA formalization of Quality is done through proposing that, when they hear the message, the
listener conditions their prior beliefs under the meaning of the message (16). In other words, as
shown in (16), they exclude from consideration all the worlds that are not in the meaning of
the message and then normalize the measure.

1e6) Forallwe Wand m € M,

h(wl[[m]]):%

Since the meaning of avant qu’il rentre a la maison includes both worlds, conditionalization just
returns the prior probabilities, as shown in Table 8. However, since the meaning of avant de
rentrer a la maison contains only w,, after hearing the alternative non-finite construction, the
listener discards w, and puts all the probability mass on w,.

Grice’s maxim of Quantity is formalized through the speaker utility function: Frank & Goodman
(2012) propose that the utility for a speaker S to use a message m is partially determined by m’s
informativity, which following Shannon (1948), they take to be the negative surprisal (natural

8 Our code is available at: https://github.com/miriamschulz/RSA_pronoun_resolution.
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Wl WZ
Finite construction 0.8 0.2
Alternative non-finite construction 1 0

log) of the prior conditioned under the meaning of the message (Pr(w|[[m]])) (17). Furthermore,
the costs of the message, which are negative in our model, are added to its informativity.

17) Speaker utility to use a message m to communicate a world w
Uy(m, w) = log(Pr(w|[[m]]) + C(m)

Wl WZ
Finite construction -1.532 -2.919
Alternative non-finite construction ~ -0.315 —00

As shown in Table 9, U(finite, w,) = 1og(0.8) + log(0.27) = -1.532, U (non-finite, w,) = log(1)
+ 1log(0.73) = —0.315, and so on.” Observe that the non-finite construction is predicted to be
more useful than its finite alternative to communicate w ; however, the reverse is the case to
communicate w,.

In RSA models, it is assumed that speakers are approximately rational (Anderson 1991) when
they choose which message to say, that is, they are rational in the sense that their action
selection is guided by utility; however, they may not always choose the most useful action.
Mental computations can be subject to time and resource limitations, and there may be a
certain amount of inherent variability in the system. Therefore, the speaker’s probability of
using a message m to communicate a world w (P,(m|w)) is given by the Softmax choice rule
(Luce 1959; Sutton & Barto 1998), shown in (18). The Softmax choice rule makes reference to
a parameter, a, which describes the amount of non-determinism in the system. Setting a to oo
recovers deterministic choice; however, anything less than o predicts variation.

(18) Speaker probability (Softmax choice)
P (m|w) x exp(a x U m, w))

We use Bayesian parameter estimation with Markov-chain Monte Carlo (MCMC) methods
implemented in WebPPL to estimate the optimal value for a for our data (based on Appendix IV
in Scontras, Tessler & Franke 2017). This method yields values for @ between 0.9 and 1 as the
best fits for our results, peaking at 0.93 (see Figure 4). We therefore adopt an a of 0.93.

density
N
]

0 I I I 1
0.800 0.900 1.00 1.10
alpha

9  Note that we numerically define log(0) as a large negative real number here, given that x € [0, 1] and lim
log(x)

= —oo,
x— 0+
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Table 8 Prior conditioned
under the meaning of the
message (Pr(w|[[m]])).

Table 9 Speaker utility to use
a message m to communicate
aworld w (U(m,w)).

Figure 4 Bayesian parameter
estimation for a with MCMC
sampling, samples = 10 000,
burn in = 2000.
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The listener’s final interpretation is given by Bayesian inference: L’s probability of concluding
that world w is true, given that they heard the message m, P,(w|m), is proportional to their prior
beliefs in w times the probability that the speaker would use m to signal that world w is true.

(19) P, (w|m) o« Pr(w) X P(m|w)

We can now observe the predictions of the model for pronoun resolution with French avant in
the finite construction, shown in (20).

(20) Model predictions for French avant (with a = 0.93)
a. P (w,|finite) = 0.49
b.  P,(w,|finite) = 0.51

Subject interpretation
Object interpretation

We test these predictions in greater detail with new experimental data in Section 5.

4.1.2 Modeling pronoun resolution in subordinate clauses introduced by apres

The model we build for aprés is structurally identical to the one for avant described above. The
main difference is the cost associated with the finite and non-finite forms. Since the proportion
of non-finite constructions with apreés is 0.77 (recall Table 5), the cost for the finite construction
with this connector is log(0.77) = —0.261. Correspondingly, the cost for the finite construction
is log(0.23) = —1.470. The differences in the frequency-induced costs associated with messages
generate slightly different predictions for pronoun resolution in finite constructions with aprés:
we predict a slightly higher probability of reference to the second NP. More technically, in the
aprés model, P, (w,|finite) = 0.46 and P,(w,|finite) = 0.54.

A detailed comparison of the descriptions and predictions of the models for avant and apres is
shown in Table 10.

French avant French aprés

Messages Finite (avant que...) Finite (aprés que...)
Non-finite (avant de...) Non-finite (aprés AVOIR/ETRE)
Costs C(finite) = -1.309 C(finite) = -1.470
C(non-finite) = -0.315 C(non-finite) = -0.261
Prior beliefs Pr(w,) = 0.8 Pr(w,) = 0.8
Pr(w,) = 0.2 Pr(w,) = 0.2
a 0.93 0.93

Predictions for pronoun resolution
in the finite construction

P,(w,Ifinite) = 0.49 (subject) P,(w,Ifinite) = 0.46 (subject)

P,(w,finite) = 0.51 (object) P (w,|finite) = 0.54 (object)

4.2 RSA models of pronoun resolution in English and German

The models for English before and after are parallel to those for avant and aprés, only the costs
for the (non)finite alternatives differ. As discussed in Section 3, the proportions of use of the
finite and non-finite constructions in English are very different from those observed for French.
In particular, the proportion of use of the English finite construction with before is 0.89, so the
cost of this message is 10g(0.89) = -0.117. The proportion of the English finite construction
with after is 0.60, so its cost is 10g(0.60) = -0.511. The consequence of these differences is that
the models for English predict a subject pronoun resolution preference for both before and after
(P,(w, |finite) = 0.77 and 0.68, respectively). The English models are summarized in Table 11.

Since there is no non-finite alternative for German bevor, the RSA model for German is much
simpler: the single alternative has no costs, and the result is that the listener interpretation
function P, just reproduces the subject preference in the prior. The German model is shown in
Table 12.
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English before

English after

Messages Finite (before he went...) Finite (after he went...)
Non-finite (before going...) Non-finite (after going...)
Costs C(finite) = -0.117 C(finite) = -0.511

C(non-finite) = =2.207

C(non-finite) = -0.916

Prior beliefs Pr(w,) = 0.8 Pr(w,) = 0.8
Pr(w,) = 0.2 Pr(w,) = 0.2
a 0.93 0.93

Predictions for pronoun resolution in
the finite construction

P,(w,Ifinite) = 0.77 (subject)
P,(w,|finite) = 0.23 (object)

P,(w,Ifinite) = 0.68 (subject)
P,(w,finite) = 0.32 (object)

German bevor

German nachdem

Messages Finite (bevor er..) Finite (nachdem er..)
Costs C(finite) = 0 C(finite) = 0
Prior beliefs Pr(w,) = 0.8 Pr(w,) = 0.8
Pr(w,) = 0.2 Pr(w,) = 0.2
a 0.93 0.93

Predictions for pronoun resolution in the finite

construction

P,(w,Ifinite) = 0.8
P,(w,|finite) = 0.2

P,(w,Ifinite) = 0.8
P (w,|finite) = 0.2

In summary, the predictions of the RSA models for French and English avant/before and
apres/after are shown in Figure 5. In the next section, we test these predictions with new

experimental data.

1.0

@ after/aprés

Connector

@ before/avant

Proportion of object choices

English

Language

French
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models for English before and

after.

Table 12 Model for German
bevor und nachdem.

Figure 5 Model predictions for
proportions of object choices
for the connectors after/apres
and before/avant for English

and French.
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5 Experimental evidence for pronoun resolution in English and
French

We tested the model predictions in a crosslinguistic Cloze experiment similar to Hemforth et
al. (2010). Unlike this earlier research, we did not include a cross-sentence condition like
(21) which has a strong subject preference across languages. Parallel to the corpus data, we
included two connector conditions before/avant and after/apres (see (22) for English and (23)
for French). Materials were adapted from Schimke et al. (2018).'° Subordinate clauses were
constructed such that they were equally plausible with a subject and an object antecedent
following the intuitions of all authors. To control for possible remaining biases, we added
conditions (22c¢,d; 23c,d) with inverted roles.

21 The postman met the streetsweeper. Then he went home.

(22) a.  The policeman called the postman before he tied his shoelaces.
b.  The policeman called the postman after he tied his shoelaces.
c.  The postman called the policeman before he tied his shoelaces.
d.  The postman called the policeman after he tied his shoelaces.

(23) Le policier a appelé le facteur avant qu’il noue ses lacets.
Le policier a appelé le facteur aprés qu’il a noué ses lacets.
Le facteur a appelé le policier avant qu’il noue ses lacets.

Le facteur a appelé le policier apres qu’il a noué ses lacets.

S S

Participants: 83 French and 37 English speakers participated in the experiment (54 female for
French, mean age 37 years, min 18 years, max 79 years; 14 female for English, mean age 36
years, min 20 years, max 64 years). French participants were recruited via the RISC website
(https://www.risc.cnrs.fr) and via social networks, English speakers were recruited via Amazon
Mechanical Turk and paid 2$ for their participation. All speakers indicated either French or
English as their native language.

Materials: 16 items following the template in (22) and (23) were created and distributed across
four lists following a Latin Square design. The experimental items were mixed with 40 fillers,
of which 20 were items from an independent experiment looking at the interpretation of
possessive pronouns in sentences like (24).

24) Thomas finally persuaded Peter to publish his novel.

Each sentence was followed by a paraphrase with a gap as in (25). Participants’ task was to
complete the gap.

(25) The policeman called the postman before he tied his shoelaces.
tied his shoelaces.

Procedure: Three practice items were presented at the beginning of the experiment in order
to familiarize participants with the task. Experimental items and fillers were then presented
in individually randomized order. The experiments took about 20 minutes to complete. We
provide the instructions in Appendix B.

Results: Answers were coded as 0 for Subject choices and 1 for Object choices. Completions
other than Subject or Object choices were coded as Missing Values. Less than 3% of the data
were affected by this procedure for both languages. We then computed a logistic mixed-effects
model using the Ime4 package in R (Bates, Maechler, Bolker & Walker 2015) with Antecedent
Choice (Object, Subject) as dependent variable, Language (French, English) and Connector
(before/avant, after/aprés) as mean centered predictor variables, as well as random intercepts
and slopes for Connector for participants and items, and the by-item random slope for Language
as well as all possible interactions.

10 Note that the English materials are not always exact translations of the French materials. In French, we only
used gender marked nouns to make sure that both antecedents have the same gender. This is not always possible in
English. Teacher is for example unmarked for gender in English, while it is marked in French (fem: la maitresse, masc:
le maitre). To make sure that co-occurring antecedents in our English items were considered approximately equally
male or female respectively, we used the norms for the perception of role nouns provided in Misersky et al. (2014).
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Before testing our experimental predictors, we tested for a potential systematic bias of the order ngsuslé .e; f;;lma [ of E

of the nouns in our experiments, possibly due to semantic bias. We used antecedent choice as general linguistics
the dependent variable and Order as the predictor as well as random intercepts and slopes for DOI: 10.5334/gjgl.1142
participants and items. No systematic effect could be established (Estimate = —-0.007785, Std.

Error = 0.202414, z = -0.038, p = 0.969)."

With respect to our experimental predictors, a significant effect of Language was found, with
more Object choices for French than for English (Estimate = 1.6234, Std. Error = 0.3259, z =
4.981, p < .001) as well as a significant interaction of Language and Connector (Estimate =
1.7103, Std. Error = 0.3122, z = 5.479, p < .001). No other effects were significant. Subset
models for each language separately showed that there were significantly more object choices
with the connector after in English than with before (Estimate = —0.8123, Std. Error = 0.2664,
z = -3.050, p < 0.003). The opposite pattern was found for French with fewer Object antecedent
choices for apreés than for avant (Estimate = 0.9314, Std. Error = 0.2552, z = 3.650, p < 0.001).

Figure 6 shows the proportion of object choices for the connectors after/aprés and before/avant
in English and French, and the model predictions are compared with the experimental results

in Table 13.
Figure 6 Proportion of Object
choices for the connectors
O Connector | after/apres and before/avant
- @ after/aprées @ before/avant for English and French.

0.8

Proportion of object choices

English French
Language

Table 13 Comparison of model

Model predictions  Experimental results . .
P P predictions and experimental

English after 0.32 0.31 results.
English before 0.23 0.20
French apres 0.54 0.46
French avant 0.51 0.62

11  Although the lack of a significant effect of Order already shows that there can be no systematic effect of
plausibility, following the suggestion of one of our anonymous reviewers, we further checked for any variation in
plausibility (i.e., do participants prefer one noun over the other for any given pair of nouns, independent of their
grammatical role in the matrix clause). We found that there was only slight variation (a 68/32 % bias in the worst
case) which in any case was controlled by our Order variation in the experiment.
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Discussion: The experimental data show the predicted language difference with more object
antecedent choices for French than for English. The increased number of object choices for
after for English participants was also predicted. The model does not, however, predict much
difference in antecedent choices between avant and aprés in French. While the model predicts
that avant and aprés should behave roughly the same since the ratio of the finite with respect
to the non-finite construction is highly similar for both connectors (see Tables 4 and 5), the
experimental results show a significantly greater object preference with avant than with aprés.

A possible way to explain this unexpected difference is the general frequency of before/avant
and after/apres in English and French. In English spoken corpora, after and before are roughly
equally distributed (57% before, 43% after; see Figure 3). In spoken French, the ratio of avant to
apreés is nearly 4 to 1 (78% avant, 22% apres). It is possible that not only the relative frequency
of the finite and non-finite constructions but also the general frequency of the connector will
have to be taken into account in a more sophisticated model. Likewise, it is possible that the
choice of indicative or subjunctive mood is made differently with avant and aprés, and that
this difference has some effect on pronoun resolution. Although we think that the alternatives
considered in our model are the closest and most plausible ones, as one anonymous reviewer
points out, it would further be interesting to investigate a broader pool of (potentially
language- or connector-specific) alternative constructions. This might allow us to draw a more
differentiated picture, as could integrating item-specific variation into the model instead of
assuming a uniform prior. However, we leave a more detailed investigation of the differences
between avant and aprés to future work.

6 Conclusions

This paper presented new corpus and experimental studies of cross-linguistic variation in
pronoun resolution. We tested the hypotheses that pronoun resolution preferences can be
derived from Gricean reasoning, and that the relative frequency of a construction has an
important effect on how it interacts with this alternative-based reasoning. In order to test these
hypotheses in an explicit manner, we built Rational Speech Act models of pronoun resolution
in English, French and German, where we incorporated alternative relative frequency into the
models as costs.

The results in our paper generally support these proposals: we showed through a series of
corpus studies of English and French that the finite constructions were much more frequent
than the non-finite alternatives in English; however, the relative frequencies of (non)finite
constructions in French were reversed. Consequently, our RSA models predicted more object
interpretations in French than in English, and we showed that these predictions were borne out
in new experimental studies of pronoun resolution in these two languages. This being said, we
found differences in more fine-grained predictions of the models for the different connectors:
while English after was correctly predicted to have more object interpretations than English
before, our models predicted no significant difference between avant and aprés. In fact, avant
had a significantly higher rate of object interpretations than aprés in the experimental data.
Based on these results, we therefore conclude that Gricean reasoning + alternative frequency
is not the full story when it comes to pronoun resolution: such models - at least as parametrized
here - leave the difference between avant and aprés unexplained. Our paper thus also highlights
how formal game-theoretic models, such as the RSA framework, can help us test high-level
theoretical predictions about the relation between use, reasoning and interpretation and
pinpoint key data for further investigation.
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