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Abstract

Recency affects how accessible referents are, but the effect of recency is mediated by the struc-
ture of the discourse. In a series of four pronoun resolution experiments, we examine how the
accessibility of referents is impacted by the form of subsequent discourse segments, investigating
effects of syntactic subordination, the presence of explicit coherence markers, and typographic and
prosodic boundaries. Our findings indicate that syntactic subordination, connectives, and typo-
graphic boundaries all additively contribute to whether an intervening clause is perceived as less
or more conceptually integrated, and that this affects how strongly that clause blocks access to a
preceding referent. However, the type of prosodic boundary was found to interact with syntax in
an unforeseen way: only with syntactic subordination did a high boundary seem to increase the
perception of the intervening clause as integrated, but not with coordination. Our results speak to
the question of how the mental representation of a discourse is affected by the specific form of the
discourse, and call for a reconsideration of intonational boundaries as integratedness cues.

Keywords: coreference, recency, syntactic subordination, connectives, prosody, Right Frontier
Constraint

1. Introduction

In a discourse, not all information is equally important, and elements that are important at one point,
may not remain that way as the discourse continues. A story can, for example, focus on a single
referent for a while, but then introduce a new referent and zoom in on them – in the meantime, the
first referent can remain in the picture or can be dropped altogether. The dynamic nature of discourse
requires that language users keep track of referents, which includes keeping track of referents’
accessibility and relative prominence. This information is for instance vital for the production and
interpretation of referring expressions: While highly prominent discourse referents are available to
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be picked up by reduced referring expressions, less prominent referents can only be referred to using
full descriptive terms (see von Heusinger and Schumacher 2019 for an elaborate discussion).

The prominence of referring expressions seems to be affected by many different factors, includ-
ing thematic role (e.g., Arnold, 2001; Stevenson et al., 1994), grammatical role (e.g., Arnold, 2001;
Fukumura and van Gompel, 2010; Stevenson et al., 1994), topicality (e.g., Cowles and Ferreira,
2012), animacy (e.g., Fukumura and van Gompel, 2011; Vogels et al., 2014), and definiteness (e.g.,
Brocher and von Heusinger, 2018) . Another factor that appears to affect the prominence of referents
is recency: It has long been accepted that a referent has to be at least somewhat recently mentioned
in the discourse to be able to be picked up by a reduced referring expression. Indeed, there is evi-
dence from interpretation studies that resolving a pronoun to a recently mentioned referent is easier
than resolving a pronoun to a referent whose last mention was further back in the discourse (Ariel,
1990; Clark and Sengul, 1979; Cunnings et al., 2014; Streb et al., 2004). The effect of recency on
the prominence of referents, however, is not completely straightforward. Recency can for instance
interact with other factors affecting a referent’s accessibility mentioned above: Clifton & Ferreira’s
(1987) findings for instance suggest that recent non-topics are less accessible than non-recent top-
ics. In addition, when talking about recency, it is not obvious in which units recency should be
measured: words, clauses, sentences, time (e.g., seconds), the number of other, later-mentioned
referents, etc.? Considering working memory constraints on human language processing, linear
units of measurements such as the number of intervening words or time are likely to impact the
prominence of referents, with referents’ prominence level decreasing as more words are uttered and
more time elapses after their last mention. However, there are also indications that such a ‘simple’
measure of recency is insufficient, since it seems that not all linguistic content intervening between
a referring expression and its antecedent is created equal. For instance, there is evidence from lan-
guage production that the number of referents present in the discourse affects choice of referring
expression, with fewer reduced forms being produced to refer to referents when other referents have
been introduced between the referring expression and its antecedent (Arnold and Griffin, 2007). In
addition, a major factor that appears to influence the extent to which intervening content impacts
the accessibility of referents is the discourse-structural configuration.

Discourse can be depicted as a hierarchical structure (e.g., Asher, 1993; Asher and Lascarides,
2003; Grosz et al., 1995; Mann and Thompson, 1988; Polanyi, 1988), in which discourse segments
(often minimally a grammatical clause, but see Hoek et al., 2018, for a discussion) are in either
coordinating or subordinating relations with each other. Asher and Lascarides (2003) illustrate this
using the discourse in (1), depicted schematically in Figure 1.

(1) a. John had a great evening last night.
b. He had a great meal.
c. He ate salmon.
d. He devoured lots of cheese.
e. He then won a dancing competition.

The Elaboration relations in Figure 1 are (discourse-structurally) subordinating; the Narration rela-
tions are coordinating. Polanyi (1988) poses that discourse segments are accessible when they are
on the ‘right frontier’ (RF) of a discourse: when there are no subsequent coordinating discourse seg-
ments at the same level or a higher level in the discourse structure (see also Asher, 1993; Asher and
Lascarides, 2003; Webber, 1988). To illustrate: before the final discourse segment e in (1), segments
a, b, and d are at the RF, but after e, only a and e are. The Right Frontier Constraint (RFC) predicts
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Figure 1: Schematic depiction of the discourse in (1) (Asher and Lascarides, 2003)

that referents introduced in a non-recent discourse segment at the RF are more accessible than refer-
ents introduced in a recent discourse segment that is not at the RF. This prediction is borne out in the
pronoun interpretation experiment conducted by Holler and Irmen (2007). A discourse-structurally
coordinated discourse segment thus impacts the prominence of a preceding referent more than a
discourse-structurally subordinated discourse segment: While discourse-structurally subordinated
discourse segments might make a preceding referent less prominent by making it less recent, a co-
ordinated discourse segment appears to make a referent unavailable to be picked up by a reduced
referring expression.

However, even when an intervening discourse segment (or multiple ones) leaves an earlier dis-
course referent available to be picked up by a pronoun (because it is discourse-structurally subor-
dinated), an earlier referent’s prominence level can vary. One of the additional factors for which
there is tentative evidence that it impacts the prominence of referents is the syntactic configuration
of the intervening discourse. In a sentence-completion experiment, Cooreman and Sanford (1996),
for instance, investigate coreference rates of ambiguous pronouns in short discourses like (2). They
find that the pronouns are overwhelmingly (79.8%-92.9%) resolved to the subject of the preceding
main clause (the conductor), even if that clause is not the most recent one, like in (2). Both the main
and the subordinate clause are at the RF here, so taking only discourse structure into account, we
should expect about equal resolution to the two subjects, or even more resolution to the more recent
referent. However, Cooreman and Sanford’s (1996) results suggest that intervening subordinate
clauses may affect the prominence of referents less than intervening main clauses.

(2) The conductor sneezed three times after the tenor opened his music score. He...

Cooreman & Sanford’s (1996) findings are in line with the tentative conclusion Clifton and Ferreira
(1987) draw on the basis of a post-hoc analysis of their experimental data, where they suggest that
resolving a pronoun to a distant topic is easier when intervening referents have been mentioned in
subordinate clauses than when they have been mentioned in intervening main clauses.

Why would this be the case? Matthiessen and Thompson (1988) argue that hypotaxis is a gram-
maticalization of discourse prominence. A key feature of Rhetorical structure theory (RST: Mann
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and Thompson 1988) is the Nuclearity principle, which depicts the relation between two discourse
segments as either multinuclear, in which both segments are equally important, or mononuclear, in
which one segment, the nucleus, is more important, or more central, to the discourse than the other
segment, the satellite. On the basis of a small corpus study, Matthiessen and Thompson (1988)
report a strong (though not 1:1) relationship between nuclearity and hypotaxis, with most multi-
nuclear relations being expressed using two main clauses, and most mononuclear relations using a
main clause (nucleus) and a subordinate clause (satellite).

If main clauses are generally more central to, or prominent in, the discourse than subordinate
clauses, it would explain why pronouns are preferentially interpreted as referring to the subject of
an earlier main clause as compared to the subject of a more recent subordinate clause. However,
considering that recency has also been shown to make content more accessible (Clark and Sengul,
1979; Cunnings et al., 2014; Streb et al., 2004), the pronoun interpretation rates found by Cooreman
and Sanford (1996) seem very high. However, Miltsakaki (2011) suggests that complex sentences
consisting of a main clause and a subordinate clause are treated as a single unit. If this is indeed
the case, this would limit any ‘boosting’ effect of recency on the prominence of the subordinate
clause. In a sentence-completion experiment, Miltsakaki (2003) compared the interpretation rates
of ambiguous pronouns that were the subject of either a subordinate clause (3-a) or a main clause
(3-b). She found that pronouns were more often used to refer to the preceding subject in the main-
main (3-b) than in the main-sub condition (3-a).

(3) a. The beggar pushed the gentleman so that he . . .
b. The boxer kicked the referee. As a result he . . .

Miltsakaki (2011) argues that her results are consistent with the notion from Centering theory (Grosz
et al., 1995) that topics are updated across sentences, and not within. In addition, they seem to be
in line with sentence wrap-up effects during reading: a slowing down at the end of sentences,
which has been proposed to at least in part be caused by readers integrating the information from
the sentence with the preceding discourse (e.g., Just and Carpenter, 1980). It should be noted,
however, that in Miltsakaki’s experiment, syntactic configuration is confounded with one versus
two sentences. It is therefore unclear what happens in contexts where main clauses do not appear
as independent sentences (e.g., The boxer kicked the referee and as a result he . . . ), though if both
syntactic configuration and sentence boundaries impact the prominence of preceding referents, the
prediction would be that the pronoun resolution rate to the preceding subject should be somewhere
between the observed rates for (3-a) and (3-b).

It thus appears that the specific configuration of a discourse mediates any recency effects on the
accessibility of referents, but empirical evidence is fragmented and linguistic theories often focus on
only one or two factors, leaving open the question of how different factors interact with each other. A
general suggestion that arises from the literature is that the impact of subsequent linguistic material
on the prominence of referents depends on the extent to which that linguistic material is seen as an
integrated whole. In the literature on clause combining, factors that are seen as contributing to how
integrated a clause is into its environment include not only syntactic subordination, but also whether
a connective is present, and what kind of prosodic and/or typographic boundaries exist between
the clauses (e.g., Gast and Diessel, 2012; Haiman and Thompson, 1988). Whether these factors all
equally and in the same way contribute to a single dimension of integration is still an open question.
If indeed several features of a discourse could impact the dimension of integration, it would mean
that the relevant unit of measurement when talking about recency in discourse, even after taking into

92



CLAUSE COMBINING AND THE PROMINENCE OF REFERENTS

account the Right Frontier, cannot straightforwardly be captured in number of clauses, sentences,
discourse segments, etc.

In this study, we systematically investigate how the form of the discourse impacts the promi-
nence of referents, and how different discourse features interact with each other in this respect. We
start by replicating the effect of syntactic subordination, while teasing apart syntactic configuration
and the presence of sentence boundaries (Experiment 1). However, in doing this, we introduce a
potential confound between the presence of a sentence boundary and the presence of an explicit
coherence marker. If the extent to which clauses are considered an integrated unit is a crucial factor
(cf. Miltsakaki 2003), the presence of a connective could impact the prominence of referents as
well, with explicitly marked coherence relations being treated as more integrated than implicit rela-
tions, which in turn would predict that intervening discourse segments without a connective lead to
a stronger reduction in the prominence level of earlier referents than intervening discourse segments
with a connective. We test this prediction in Experiment 2. Finally, in Experiments 3a and 3b, we
switch to the spoken mode. Experiments 1 and 2, as well as the vast majority of related empirical
work, examine written language. While some features are relevant to both the written and the spo-
ken mode, others are not. The effect of syntactic subordination, however, can be expected to also
be relevant to spoken language, but it is less obvious how the effect of sentence boundaries would
transfer to the spoken mode. We therefore test whether the effects of syntactic subordination found
in Experiments 1 and 2 can be replicated in spoken language, and we investigate the effect of the
most obvious equivalent of typographic boundaries: high-level prosodic boundaries.

In all experiments, we use pronoun interpretation as a way of measuring the prominence of
referents, where we expect higher resolution rates to more prominent referents (see von Heusinger
and Schumacher 2019 for a discussion). Over the course of our experiments, we find that syntactic
subordination, explicit coherence markers, and sentence boundaries all affect coreference patterns
in a way that suggests that all three factors affect the extent to which two segments are treated as
a single unit, and that they appear to do so in a straightforwardly cumulative way. While prosodic
boundary tones have also been assumed to function as an integratedness cue (and are often seen
as equivalents to typographic boundaries), the effects we find on coreference patterns are distinct
from the other effects we examine. Between Experiment 3a and 3b, we replicate an unexpected
interaction effect between syntax and prosody that suggests that the function of prosodic boundary
tones in discourse should be reconsidered.

Since experimental materials largely overlap between all four experiments, Section 2 outlines
the key features of our experimental items. Sections 3, 4, 5, and 6 respectively report on Experiment
1, Experiment 2, Experiment 3a and Experiment 3b. Each section contains a short discussion of the
specific feature(s) under investigation and lays out detailed hypotheses for each experiment. The
general discussion in Section 7 summarizes all results and reflects on what our study has contributed
to our understanding of the relationship between recency and coreference, and, more generally, to
our understanding of how the mental representation of a discourse is affected by the specific form
of the discourse.

2. Experimental materials

2.1 Target items

In all experiments, the critical items comprised 24 short discourses. They always consisted of a
biclausal construction followed by a continuation sentence with an ambiguous pronoun as subject
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of a nonce verb predicate. Within the biclausal construction, each clause consisted of a different
named human referent as subject, plus a predicate with an inanimate object (direct or prepositional).
The subjects of the two clauses were of the same gender, so that the ambiguous pronoun could refer
to either of the two subject referents.

The items were designed in such a way that independent of the conditions, the second clause was
discourse-structurally subordinate to the first, so that both clauses would be accessible by virtue of
being at the Right Frontier of the discourse. This is why the intended relation between the first two
clauses was one of EXPLANATION: a backward causal relation at the content level (Frey, 2016;
Sweetser, 1990). We took care to design the items in such a way that even when realized as two
sentences with a full stop in between and without a connective, the meaning of the two clauses in se-
quence would make such a causal relation most likely. We aimed to avoid epistemic-level or speech
act-level interpretations. This informed our choice of manipulations via connectives and prosody
throughout the experiments. German has a number of discourse connectives that indicate a causal
relation. We mainly focused on the prototypical subordinating connective weil with verb-final word
order (all experiments) and the coordinating connective denn with verb-second word order (Exper-
iments 1, 3). Weil-clauses with verb-final word order typically receive a content-level interpretation
(Antomo and Steinbach 2010). We did not investigate weil-clauses with verb-second (main clause)
word order. While they are frequent in spoken German, they carry prescriptive stigma in the written
language (especially amongst introductory students of German) and are often used for epistemic-
or speech act-level relations (Antomo and Steinbach 2010, Volodina 2011, Volodina 2014). For
denn-clauses, some (e.g. Volodina 2014) have questioned whether they can encode content-level
causal relations. Scheffler (2013), however, assumes that weil and denn share the same core mean-
ing of causality, with the difference that this is conveyed as a conventional implicature in the sense
of Potts (2004) in the case of denn, while it is asserted in the case of weil. We follow her and
Wöllstein and Dudenredaktion (2022) in assuming that denn can indeed also be used for content-
level causal relations, when this is contextually the most plausible reading. Regarding prosodic
realization (Experiments 3a & 3b), it has been claimed that the degree of prosodic integration of
causal clauses often correlates with their degree of syntactic integration and that less syntactic in-
tegration makes epistemic or speech act readings of the causal relation more available, while more
integration favours a propositional reading (Pasch et al. 2003, Breindl 2009, Antomo and Steinbach
2010). Based on a corpus study, Volodina (2011, 2014) finds that there is a clear preference for a
content-level reading with an integrated prosodic structure, while less integrated prosodic structures
occur with all types of readings. As cues for prosodic integration she counts a rising boundary tone
at the interclausal boundary, no or only a short pause there and a realization within a single into-
nation phrase. See the sections on Experiments 3a and 3b for how we operationalized (degrees of)
prosodic integration. In sum, we assume that our item design in terms of content should make an
epistemic or speech act reading of them less plausible. Item design was also intended to minimize
any semantic bias for one or the other of the two subject referents. This is why we chose nonce verbs
as the predicates in the continuation sentences, so that the meaning of those verbs would not influ-
ence the reference of the ambiguous pronoun. The experimental conditions differed in how the two
clauses in the biclausal construction were linked syntactically (Experiment 1-3), typographically
(Experiments 1-2), and prosodically (Experiment 3). Lists of all items for all experiments as well as
the audio stimuli used in Experiments 3a and 3b are available in the accompanying online repository
(https://osf.io/r5jtk/?view_only=70308cb0c5554ed789359cf7f4759e8d).
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2.2 Filler items

In addition to the 24 target items, participants in each experiment were shown 16 filler items and
8 “catch” filler items. Fillers were similar to the experimental items in that the first two clauses
also contained two subjects of the same gender, but their structure was freer, they featured a variety
of different connectives, and contained both (discourse-structural) coordinating and subordinating
discourse relations. Catch fillers were like the other filler items, except that the subjects of the first
two clauses were of different genders so that the reference of the pronominal subject of the nonce
verb in the continuation sentence was no longer ambiguous. Catch fillers were used to exclude data
from inattentive participants.

3. Experiment 1

Experiment 1 investigates the effects of syntactic subordination / coordination and of type of ty-
pographic clause boundary on the prominence of referents, testing the assumption that both clause
type (subordinate vs. main clause) and the perceived integration of clauses affect the prominence of
discourse segments.

3.1 Conditions

Experiment 1 had three conditions for the critical items, see (4). They differed in whether the
second clause (a) was separated by a comma, introduced by the causal connective weil and had
verb-final word order [weil-condition], (b) was separated by a comma, introduced by the causal
connective denn and had verb-second word order [denn-condition], or (c) was separated by a full
stop and initially capitalized, not introduced by any connective, and had verb-second word order
[2-sentence-condition]. The first clause was always the same in all three conditions. The first
condition (a: comma, weil and verb-final word order in the second clause) is an instance of syntactic
subordination, while the second (b: comma, denn + verb-second in the second clause) and third
condition (c: full stop, no connective, verb-second) are both instances of syntactic coordination (cf.
Scheffler, 2013). The two coordinated conditions (b-c) differed in the type of typographic clause
boundary and, as a result, in whether the two clauses were presented as a single sentence or as two
sentences, as well as in the presence vs. absence of an explicit causal connective.

(4) a. Nadja
Nadja

hat
has

vegane
vegan.PL

Burger
burgers.AC

gekauft,
bought

weil
because

Sabine
Sabine

kein
no

Fleisch
meat.AC

isst.
eats

b. Nadja
Nadja

hat
has

vegane
vegan.PL

Burger
burgers.AC

gekauft,
bought

denn
because

Sabine
Sabine

isst
eats

kein
no

Fleisch.
meat.AC

c. Nadja
Nadja

hat
has

vegane
vegan.PL

Burger
burgers.AC

gekauft.
bought

Ø Sabine
Sabine

isst
eats

kein
no

Fleisch.
meat.AC

Sie
She

daupte.
dauped.

‘Nadja bought vegan burgers (because) Sabine does not eat meat. She dauped.’

Each experimental item was prepared three times, once in each condition, for a total of 3 x 24 =
72 items. These items were then distributed over three lists of 24 items via a Latin-square design.
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Each list also contained the 16 filler and 8 catch filler items. Items in the lists were presented in
randomized order and lists were distributed equally across participants. Participants were asked to
identify the referent of the ambiguous pronoun (in (4) forced-choice between ‘Nadja’ and ‘Sabine’).

3.2 Predictions and hypotheses

If main clauses are more prominent than subordinate clauses (e.g., Bybee, 2001; Hooper and Thomp-
son, 1973; Mann and Thompson, 1988; Matsuda, 1998; Smaby, 1974), and main-subordinate clause
are treated as more integrated than main-main clause configurations (Miltsakaki, 2011), we expect
the ambiguous pronoun to be more often resolved to the subject of the first clause (Ref1) in the weil-
condition (4a) than in the two conditions with two main clauses (denn-condition, 4b; 2-sentence-
condition, 4c). In addition, sentence boundaries have been suggested to form a stronger boundary
between clauses than a clause boundary (Jasinskaja 2016; see also topic updating in Centering The-
ory (Grosz et al., 1995) and sentence wrap-up effects during reading (Just and Carpenter, 1980)).
For German, Bredel (2008) even analyzes the full stop as an instruction to delete syntactic working
memory and to start inter-sentential coherence operations, in contrast to the comma, which separates
subordinate units but continues syntactic processing (though we suspect that a complete erasure of
syntactic structure is maybe too strong a claim). If a full stop is indeed a stronger boundary than a
comma, it would suggest that the two clauses in the denn-condition (4b) are seen as more conceptu-
ally integrated than the two clauses in the 2-sentence-condition (4c). The first clause in (4b) would
then be less impacted by recency diminishing a clause’s prominence level than the first clause in
(4c), even though the surface distance is virtually the same. This would predict more resolutions to
the subject of the first clause (Ref1) in (4b) than in (4c).

3.3 Participants

We recruited 106 German native speaking students at the University of Cologne as experimental
participants. They participated for course credit and gave their informed written consent for us to
anonymously use their experimental data for scientific purposes. For the statistical analysis, we
excluded data from participants who gave at least one wrong answer to a catch filler item. This left
data from 74 participants (65 female, 9 male; mean age 21.7 years, age range 18-46 years)1 for the
final analysis.

3.4 Procedure

The experiment was implemented online via PCIbex (Zehr and Schwarz, 2018). Participants ac-
cessed the experiment via a link and were randomly assigned to one of the three lists. At the
beginning of the experiment, participants were informed about their rights and asked to give their
consent for participation. They then received a short introduction to the experiment and could pro-
ceed to the experiment proper once they were ready. Items were presented in random order. For

1. A reviewer asks whether the low number of male participants after catch filler exclusion (here and in Experiment
3a) means that a disproportionally large number of male participants made mistakes with the catch fillers. That
is not the case. There were 13 male participants in Experiment 1 before catch filler exclusion. In general, we
recruited participants irrespective of gender and thus the gender imbalance is reflective of the specific populations the
participants were drawn from. For Experiments 1 and 3a we recruited from students of the humanities at University
of Cologne, who are more likely female than male, while for Experiments 2 and 3b we recruited from Prolific, whose
German participant pool seems more equally balanced between female and male.
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each item, participants were presented with the corresponding mini-discourse on their screen. Be-
low the discourse on the screen, participants were asked for the referent of the pronominal subject
of the nonce verb clause (e.g., Wer daupte? ‘who dauped?’). They had to select between the two
subject referents by clicking on one of two fields with their names (forced-choice). Since the ref-
erence of the pronominal subject was otherwise ambiguous, in the experimental items we expected
our experimental conditions to influence participants’ responses. In the “catch” filler items, on the
other hand, pronominal reference was not ambiguous, so we expected participants to be able to re-
spond according to grammatical gender without problems. The “catch” fillers were thus intended to
detect participants that were not paying attention. Once participants made their choice, they were
presented with the next item. They were not given a time limit within which they had to make
their choice on each item, but the introduction asked them to make a quick selection based on their
intuition.

3.5 Statistical analysis

Responses were coded as a binary choice to the first subject referent or not. A Bayesian generalized
mixed-effects model with a binomial link function (to translate the binary choice) was fitted to the
data using the package brms (Bürkner, 2017) in R (R Core Team, 2023), with weakly informative
priors that do not skew the results in any direction but sufficiently reduce the parameter search space
so that convergence issues do not occur (cf. McElreath, 2020; Vasishth et al., 2018).2 A mixed-
effects model is a statistical model that does not just take our fixed effects of interest into account
but also factors that we cannot fully control, such as confounds arising from individual items or
participants, by treating them as random effects. The model was treatment-coded, using the weil-
condition as the intercept. The model included the three-level condition (weil/denn/2-sentence)
as fixed effect, and random intercepts and slopes and their correlations for participant and item.
In all experiments reported on here, we used Bayesian statistics because we can thus fit complex
models with relative ease and because they provide us with a quantification of the uncertainty about
our effects of interest via Credible Intervals (CrIs). In Bayesian statistics, the output of a mixed-
effects model does not just consist of point values of the estimated parameters as in Frequentist
statistics but of full probability distributions for each parameter estimated (including each individual
random effect parameter), the so-called posterior distribution. The parameter estimates that the
model summary gives us (and which we report on as Estimates in our tables) are the median values
of the relevant distributions. The 95%-Credible Interval indicates the interval within which values
for the estimated parameter drawn from the posterior distribution lie with 95% certainty, given the
model and the data. When the CrI does not include zero, we take that as strong evidence that
the effect in question is reliable, again given the model and the data. In addition, we sometimes
conducted one-sided hypothesis checks based on the posterior distribution. The hypothesis checks
indicate the probability that the effect is either negative or positive, depending on the sign of the
estimated parameter, based on the proportion of the posterior distribution that is negative or positive.
Note that while the implementation of hypothesis checks is a nod to the Frequentist language of tests

2. In particular, for priors of class ‘b’, ‘sd’, and ‘Intercept’, we specified them as ‘normal(0,5)’, i.e., as a normal
distribution with a mean of 0 and a standard deviation of 5. Since we’re in log space (to code the binary choice data
via continuous numbers), in probability space this translates to a prior expectation that about 95% of slope estimates
will fall within the range of [0.000045; 0.99995] and be normally distributed with the mean at 0.5. This means that
any effect will need to overcome the bias encoded in the mean that things are at chance level. So these priors make
explicit the conservative prior assumption that no effect is present, which is implicit to Frequentist thinking.
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with significance thresholds, the logic behind it is different. A Bayesian hypothesis check simply
compares aspects of the posterior distribution. For example, when we make a hypothesis check
of whether the effect of parameter A is larger than that of parameter B, we compare the posterior
distributions of the estimate of A to that of B. What we get is an indication of how likely it is
on average that A is larger than B and how far apart on average a posterior sample of A is from
one of B. This means that except for marginal cases, it also rarely makes sense to make a two-
sided “test”: since the estimates are measures of central tendencies of posterior distributions, their
relative position (whether one is larger than the other) already indicates the overall relationship
between them, and this is the direction that it makes sense to “test”, i.e. to quantify how many of the
posterior samples of the effect with the higher median are actually larger than those with the lower
median. There are also implications for whether the equivalent of pairwise comparisons, which
often means multiple testing in Frequentist statistics, requires an alpha-level adjustment: since all
we do with Bayesian hypothesis tests is compare the posterior distributions of different effects,
we do not actually test anything multiple times in the Frequentist sense of comparing a model-
obtained point value estimate against a statistic, with the danger of a false positive increasing each
time. All of these measured relationships between the different aspects of the posterior distribution
are already there at the time the model is fully built, and thus they are all equally contingent on
this model, of this data. This is why we use the qualification “given the model and the data”
when talking about whether an effect is reliable. For the population as a whole, we can then take
our results in the Bayesian spirit: as a piece of evidence for or against some hypothesis, whose
value is determined by the strength and quality of the evidence and our prior domain knowledge.
Data and R scripts for all experiments are available at the accompanying repository on OSF, at
https://osf.io/r5jtk/?view_only=7fc7381ff19c4c9e886e10550b874185.

3.6 Results Experiment 1

The model results for the fixed effects are given in Table 1. Since they are on the logit scale, for
ease of interpretation we use estimated marginal means (via the package emmeans: Lenth 2023) to
provide averaged values (the median posterior predictive value) and credible regions (the highest
posterior density regions, HPD) for the conditions on the response scale in Table 2 and Figure 1.
In all our experiments reported on here, the median posterior predictive value can be understood
as the average value of resolution to Ref 1 for the condition (combination) given. The HPD indi-
cates the values where 95% of the posterior distribution lie when translated to the response scale.
Model results and one-sided hypothesis checks based on them show that the differences between all
experimental conditions are statistically reliable (posterior probability > 0.95, cf. Table 3).

Condition Estimate Error 95%-Credible Interval
Intercept (= weil) 0.56 0.25 [0.08; 1.06]
denn -0.4 0.16 [-0.71; -0.09]
2-sentence -2.28 0.27 [-2.83; -1.77]

Table 1: Fixed-effects results of the Bayesian mixed-effects model for Experiment 1. Values given
are on the logit scale.

98

https://osf.io/r5jtk/?view_only=7fc7381ff19c4c9e886e10550b874185


CLAUSE COMBINING AND THE PROMINENCE OF REFERENTS

Condition Median posterior
predictive value HPD region

weil 0.636 [0.517; 0.747]
denn 0.539 [0.417; 0.664]
2-sentence 0.154 [0.078; 0.232]

Table 2: Estimated marginal means with highest posterior density (HPD, 95%) regions for the three
conditions in Experiment 1 based on the Bayesian model results. The Median posterior
predictive value indicates the average (median) resolution per condition, the HPD region
the values where 95% of the corresponding posterior distribution lie when translated to the
response scale. Values given are on the response scale and reflect the probability of the
first-clause subject referent being chosen.

Figure 2: Estimated marginal means plus HPD regions (error bars) for the three conditions of Ex-
periment 1 based on the Bayesian model results. Values given are on the response scale
and reflect the probability of the first-clause subject referent being chosen.

Based on the model and the data, the weil-condition has the highest proportion of resolutions to
the first-clause subject referent (mean posterior predictive value of 0.636; HPD = [0.517; 0.747]),
followed by the denn-condition (mean posterior predictive value of 0.539; HPD = [0.417; 0.664]),
and then the 2-sentence-condition (mean posterior predictive value of 0.154; HPD = [0.078; 0.232]).
Since all differences between conditions are statistically reliable, the results confirm the predictions
made for the experiment.
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Hypothesis Est. Error 95%-Credible
Interval

Evidence
ratio

Posterior
probability

weil > denn -0.96 0.33 [-1.51; -0.43] 532.33 1
denn > 2-sentence -1.88 0.28 [-2.35; -1.44] Inf 1
weil > 2-sentence -2.84 0.43 [-3.55; -2.13] Inf 1

Table 3: One-sided hypothesis checks for the conditions in Experiment 1 based on the Bayesian
model results. Estimate values given are on the logit scale.

3.7 Discussion

The statistical results confirm our predictions: resolution to the first-clause subject is higher in
the syntactically subordinate weil-condition than in the two conditions with syntactic coordination.
Within the two coordinate conditions, it is higher in the denn-condition with a single sentence than in
the 2-sentence-condition. The results thus confirm that syntactic subordination affects prominence
and that the perceived integration of clauses affects prominence, with typographic boundaries as a
relevant signal for integration.

Looking at the results in more detail, we see that the difference within the two coordinated condi-
tions is much larger than between the subordinate weil-condition and the coordinate denn-condition.
It seems likely that this is (at least in part) due to the 2-sentence-condition being different from the
denn-condition in more than a single factor: not only does it consist of two sentences separated by
full stop rather than two clauses separated by comma, it also lacks the explicit causal connective
that the denn-condition has. Explicit coherence markers can also impact the integration of clauses
and sentences (see e.g., Koornneef & Sanders 2013 for a discussion). Experiment 2 tests whether
the presence of explicit coherence markers impacts the prominence of referents independently of
typographic boundaries.

4. Experiment 2

Experiment 2 aims to separate the role of 1) the presence/absence of an explicit coherence marker
(connective) and 2) that of the sentence (as signaled by typography) as the relevant unit for recency
in their effects on the prominence of subject referents.

4.1 Conditions

Experiment 2, like Experiment 1, had three conditions for the critical items. As in experiment 1,
the first clause was the same in all conditions. In order to make the presence of an explicit causal
connective independent from whether the clauses were combined by comma or full stop, we used the
connective nämlich (≈ ‘namely’, ‘you see’), which is causal and, because it is an adverb, compatible
with both syntactically subordinating and coordinating constructions (Onea and Volodina 2011,
Volodina 2014). Unlike weil or denn, nämlich cannot on its own occupy the initial position in a
German clause, but it can cooccur with other connectives there or occur in sentence-medial position.
In the first condition (a), [weil-nämlich-condition], the second clause was separated by a comma,
introduced by the causal connective weil with verb-final word order and contained nämlich. In
the second condition (b) [nämlich-condition], the second clause also contained nämlich, but was
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separated by a full stop and had verb-second word order. The third condition (c) [2-sentence-
condition] was the same as in the first experiment: the second clause was separated by a full stop,
did not contain any connective, and had verb-second word order.

(5) a. Nadja
Nadja

hat
has

vegane
vegan.PL

Burger
burgers.AC

gekauft,
bought

weil
because

Sabine
Sabine

nämlich
nämlich

kein
no

Fleisch
meat.AC

isst.
eats

b. Nadja
Nadja

hat
has

vegane
vegan.PL

Burger
burgers.AC

gekauft.
bought

Sabine
Sabine

isst
eats

nämlich
nämlich

kein
no

Fleisch.
meat.AC

c. Nadja
Nadja

hat
has

vegane
vegan.PL

Burger
burgers.AC

gekauft.
bought

Ø Sabine
Sabine

isst
eats

kein
no

Fleisch.
meat.AC

Sie
She

daupte.
dauped.

‘Nadja bought vegan burgers (because) Sabine does not eat meat. She dauped.’

Here again, the first condition is the only one where the second clause is syntactically subordinate
to the first. In the second condition, the second clause is coordinate, and it is separated by a full
stop, but the causal connection is still explicit because of nämlich, while in the third condition, it is
implicit. The second condition here thus provides the intermediate step of combining a coordinate
syntactic relation with an explicit connective and 2 sentences that the first experiment omitted.

4.2 Predictions and hypotheses

We again predict both syntactic subordination and orthographic boundaries to impact prominence,
so that the nämlich-condition (5b) and the 2-sentence-condition (5c) should receive fewer resolu-
tions to Ref1 than the weil-nämlich-condition (5a). We also hypothesize that explicit coherence
markers have an effect on prominence, since they impact the integration of two clauses. Specifi-
cally, we expect resolution to Ref1 to be higher in the nämlich-condition (5b) than in the 2-sentence-
condition (5c).

In comparison to Experiment 1, we expect the proportion of Ref1 resolutions in the nämlich-
condition (5b) to lie between that of the the denn-condition (4b) and 2-sentence-condition (4c).
Including nämlich in the first condition with weil (5a), in addition to making the interpretation of
the relations as comparable across conditions as possible, allows us to assess the effect of nämlich
alone, but we have no specific predictions for that.

4.3 Participants

We recruited 112 German speakers via Prolific as experimental participants. They were paid for
their participation (1.50GBP for a task estimated to be 5-10 minutes; average completion time was
7.9 minutes) and gave their informed written consent for us to anonymously use their experimental
data for scientific purposes. For the statistical analysis, we excluded data from participants who
were not native speakers or gave at least one wrong answer to a catch filler item. This left data from
91 participants (45 female, 45 male, 1 other; mean age 29.7 years, range 20-50 years) for the final
analysis.
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4.4 Procedure

The experiment was conducted in the same way as Experiment 1.

4.5 Statistical analysis

Participants’ response choices were again coded as a binary choice to first subject reference or
not. We again fitted a Bayesian generalized mixed-effects model with a binomial link function
to the resulting data, with weakly informative priors. The model was treatment-coded, using
the weil-nämlich-condition as the intercept. The model included the three-level condition (weil-
nämlich/nämlich/2-sentence) as fixed effect, and random intercepts and slopes and their correlations
for participant and item.

4.6 Results

The model results for the fixed effects are given in Table 4. Estimated marginal means (using
emmeans, Lenth 2023) for the conditions are given in Table 5 and Figure 3. Model results and one-
sided hypothesis checks based on them show that again the differences between all experimental
conditions are statistically reliable (posterior probability > 0.95, see Table 6).

Condition Estimate Error 95%-Credible Interval
Intercept (= weil-nämlich) 0.12 0.27 [-0.42; 0.66]
nämlich -0.68 0.16 [-0.99; -0.37]
2-sentence -1.31 0.19 [-1.69; -0.95]

Table 4: Fixed-effects results of the Bayesian mixed-effects model for Experiment 2. Values given
are on the logit scale.

Condition Median posterior
predictive value HPD region

weil-nämlich 0.529 [0.401; 0.662]
nämlich 0.362 [0.245; 0.493]
2-sentence 0.234 [0.147; 0.339]

Table 5: Estimated marginal means with highest posterior density (HPD, 95%) regions for the three
conditions in Experiment 2 based on the Bayesian model results. Values given are on the
response scale and reflect the probability of the first-clause subject referent being chosen.

Based on the model and the data, the weil-nämlich-condition has the highest proportion of
resolutions to the first-clause subject referent (mean posterior predictive value of 0.529; HPD =
[0.401; 0.662]), followed by the nämlich-condition (mean posterior predictive value of 0.362; HPD
= [0.245; 0.493]), and then again the 2-sentence-condition (mean posterior predictive value of 0.234;
HPD = [0.147; 0.339]). Since all differences between conditions are statistically reliable, the results
confirm the predictions made for experiment 2.
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Figure 3: Estimated marginal means plus HPD regions (error bars) for the three conditions of Ex-
periment 1 based on the Bayesian model results. Values given are on the response scale
and reflect the probability of the first-clause subject referent being chosen.

Hypothesis Est. Error 95%-Credible
Interval

Evidence
ratio

Posterior
probability

weil-nämlich > nämlich -0.8 0.35 [-1.37; -0.24] 108.59 .99
nämlich > 2-sentence -0.63 0.19 [-0.94; -0.32] 1999 1
weil-nämlich > 2-sentence -1.42 0.38 [-2.04; -0.82] 1599 1

Table 6: One-sided hypothesis checks for the conditions in Experiment 2 based on the Bayesian
model results. Estimate values given are on the logit scale.

4.7 Discussion

First of all, the results support those from Experiment 1: syntactic subordination and clause bound-
ary type here also affect subject prominence, as seen in the difference between the weil-nämlich-
condition and the nämlich-condition. Furthermore, our specific predictions for this experiment are
also confirmed: the presence of explicit coherence markers has an effect on prominence that is in-
dependent of the effect of typographic sentence boundaries. We can see this from the fact that the
second condition, with nämlich, has higher resolution to Ref1 than the third condition, which is
identical except for the absence of nämlich.

In fact, the nämlich-condition lies about halfway (at 36% resolution to Ref1) between the denn-
condition (54% resolution to Ref1) and the 2-sentence-condition (15% resolution to Ref1) of Ex-
periment 1, which was predicted to be the case, since it differs from both by one manipulation
factor (sentence boundary and explicit cueing of the relation). Of course, this can only be support-
ing evidence since we are comparing across experiments and the two 2-sentence-conditions in the
two experiments do differ somewhat in their results (15% resolution to Ref1 in Experiment 1, 23%
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resolution to Ref1 in Experiment 2). However, it clearly fits into the picture established by the more
reliable comparisons between conditions within the experiments.

For the first condition, with weil-nämlich, we made no predictions beyond it having the highest
resolution in Experiment 2, which was confirmed. Compared to the condition with only weil from
Experiment 1, its mean resolution lies below that of that condition, which might be surprising given
that there are two rather than one explicit markers of the causal relation in this condition. However,
from the results in Table 5 we see that this condition also has the largest resolution range with an
HPD interval of more than 0.25. We speculate that this might be because in its position directly
following the subject, nämlich is ambiguous between an interpretation with wide scope in which its
meaning relates to the whole clause and one with narrow scope in which it only relates to the subject.
In the latter case, nämlich can have the effect that the subject is interpreted as a contrastive topic,
usually coocurring with a pitch accent on the subject in spoken language (Karagjosova 2011). Our
written materials however are ambiguous. Thus, the contrastive topic-reading would conceivably
increase the prominence of the second-clause subject, while the wide-scope reading should behave
similarly to the condition with only weil. Depending on how participants interpreted the written
stimuli, they could therefore have assigned either comparatively low or high prominence to Ref1 in
the weil-nämlich-condition.

The results from Experiment 1 and 2 were predicted by an account of clausal integration af-
fecting prominence: The more the second clause is integrated into the first one forming a structural
discourse unit, the more accessible the subject of the first clause is. In other words: the intervening
second clause - if integrated - does not block the accessibility of the first subject. Both typographic
boundaries and explicit coherence markers have been associated with clausal integration, and for
both factors we found that the cue associated with a higher level of integration resulted in a higher
resolution rate to the first-clause subject. We also observed these factors to operate independently
of each other in a seemingly straightforward, cumulative way. In spoken language, there are no
typographic boundaries, but there are prosodic boundaries, which are often seen as correlates of
typographic boundaries and have also been suggested to function as integration cues. In the next
experiments, we investigate how different prosodic boundary cues impact pronoun resolution in
combination with syntactic subordination / coordination.

5. Experiment 3a

Experiment 3a aims to investigate the role that different prosodic boundaries play in interaction
with syntactic cues on the prominence of referents, comparing three types of clause boundaries:
no boundary, a high (rising) boundary, and a low (falling) boundary. We assume that the no
boundary-condition represents a case where there is no or only a weak boundary between the
two prosodic units mapping to the two clauses, while with both the high boundary and the low
boundary-conditions, the increased pause length and the distinctive boundary pitch movement cue
a stronger prosodic boundary. We are interested in the effect of prosodic boundaries because the
degree of prosodic integration of a multiclausal complex is seen as an important cue for whether it
is interpreted as (syntactically) more or less integrated, both crosslinguistically (e.g. Gast and Dies-
sel 2012) and also specifically in the case of German causal clauses with weil (Pasch et al. 2003,
Volodina 2011).
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5.1 Conditions

Experiment 3a had a 2x3 design, crossing syntactic with prosodic factors, see (6). On the syntax
side, it repeated the first two conditions from Experiment 1, with weil and denn as connectives,
and verb-final and verb-second word order, respectively. On the prosody side, there were three
conditions that manipulated both the type and the strength of the boundary between the two clauses:
in the low boundary-condition (L%), pitch at the end of the first clause had a clear falling trajectory,
followed by a pause of 250ms before the beginning of the second clause. In the high boundary-
condition (H%), pitch at the end of the first clause had a clear rising trajectory, also followed by a
pause of 250ms. In the no boundary-condition (Ø), pitch at the end of the clause did not follow a
specific final trajectory and was rather suspended at medium height, followed by a shorter pause of
only 30ms.

(6) a. Nadja
Nadja

hat
has

vegane
vegan.PL

Burger
burgers.ACC

gekauft
bought

{Ø/H%/L%} weil
because

Sabine
Sabine

kein
no

Fleisch
meat.ACC

isst.
eats

b. Nadja
Nadja

hat
has

vegane
vegan.PL

Burger
burgers.ACC

gekauft
bought

{Ø/H%/L%} denn
because

Sabine
Sabine

isst
eats

kein
no

Fleisch.
meat.ACC

Sie
She

daupte.
dauped.

‘Nadja bought vegan.PL burgers.ACC because Sabine does not eat meat.ACC. She
dauped.’

While Experiments 1 and 2 used written stimuli, Experiment 3a used audio stimuli. The
items were recorded by one of the authors, who is trained in intonational phonetics and a Ger-
man native speaker. The items were recorded in such a way that for each clause, there was only
a single pitch accent that was always located on the object or, in one case, on the particle of a
particle verb. The wording of the items was also slightly changed from those used in the first
two experiments such that the first clause was always in the perfect tense, with the participle as
the final word (see the accompanying repository at https://osf.io/r5jtk/?view_only=
70308cb0c5554ed789359cf7f4759e8d for a full list of items and audios of all the exper-
imental stimuli). This was done so that the pitch movement of the pitch accent on the word pre-
ceding the clause-final participle and that of the boundary movement at the end of the participle
were always clearly separate. To create the different conditions, a recording of the first clause in
the low boundary-condition was used as a basis. Recordings of the participle without a final pitch
movement and with a rising final pitch movement were then spliced onto that recording without
the participle to create the no boundary and high boundary-conditions, respectively. For the sec-
ond clause, two versions were created, corresponding to the two syntactic conditions (with weil and
denn). The first-clause- and second-clause-recordings were then spliced together with the appropri-
ate pauses inserted between them. Example pitch tracks from the weil-condition are given in Figure
4. The nonce verb sentence with the ambiguous pronoun and the question asking after its referent
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H
% ø L%

Figure 4: Waveforms, spectrograms and pitch tracks of experimental item Christoph hat viele
Snacks gekauft weil Raphael einen Filmabend vorgeschlagen hatte. Er tummte ’Christoph
bought many snacks because Raphael had suggested a movie night. He tummed.’ (weil-
condition), in the three prosodic conditions.

(Wer daupte? ‘who dauped?’) were also recorded. In each recording, following the full biclausal
construction, first the nonce verb sentence was inserted after a pause of 250ms, followed by the
question after another pause of 1000ms. All the recorded items were checked for naturalness by
three German native speakers.

Apart from being audio rather than written, the differences in conditions and the slight alter-
ations in the wording so that the participles were always final in the first clause, the experimental
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items in Experiment 3 were the same as in Experiments 1 and 2. They were distributed across six
lists via a Latin-square design and audio versions of the same fillers and catch fillers as in the first
experiments were used.

5.2 Predictions and hypotheses

For the syntactic manipulations, the predictions were the same as in Experiment 1, i.e., more reso-
lution to Ref1 in the weil-condition than in the denn-condition. For the prosodic manipulations, we
had two hypotheses based on the literature:

1. Boundary strength: We hypothesized that in the no boundary-condition, having a weaker
interclausal boundary than in both the high- and the low boundary-condition, the two clauses
should be more integrated. This is based on the theoretical assumption of a prosodic hierar-
chy (Nespor and Vogel 2007), meaning that speech is ordered into prosodic units of increasing
size, with corresponding boundary cues. While the boundaries of prosodic units clearly do
not always coincide with syntactic boundaries, it is often assumed that there is at least a pref-
erential correspondence, such that e.g. syntactic phrases match to phonological phrases, and
syntactic clauses, larger syntactic units, match to intermediate or intonational phrases, larger
prosodic units that are also marked by tonal movement at their boundaries (cf. Selkirk 2011).
The assumption that stronger boundary cues (e.g. (longer) breaks, (more) final lengthening)
correspond to stronger boundaries is encoded into many widely used prosodic transcription
systems, including German ToBI (Grice et al. 2005), where it is also assumed that boundary
tones belong to a prosodic unit that is at least an intermediate or intonational phrase. We
therefore assume that both the shorter break and the absence of boundary tones mean that the
boundary in the no boundary-condition is weaker. This should decrease the likelihood of the
second clause being interpreted as independent (cf. Schubö et al., 2015). Specifically for weil-
clauses, it has been claimed that if a biclausal complex with a postposed V-final weil-clause
is realized with a “single intonation contour” rather than two separate ones, the weil-clause
is more likely to be interpreted as syntactically integrated (Pasch et al. 2003). Both a shorter
or non-existent break rather than a longer one and an intonational rise rather than a fall at the
interclausal boundary are seen as cues for stronger prosodic integration (Pasch et al. 2003,
Volodina 2011). We thus predicted that in terms of reference to Ref1, Ø > H%, L%.

2. Boundary type: We further hypothesized that in the high boundary-condition the second
clause should be interpreted as less independent than in the low boundary-condition, based
on a tradition in the literature that has argued for meanings like “openness” or “non-finality”
for high boundary tones and “closedness” or “finality” for low boundary tones (cf. e.g., Crut-
tenden, 1981; Grice and Baumann, 2007; Peters, 2018) and on the assumption that a rising
interclausal boundary in such constructions indicates prosodic integration while a falling one
indicates prosodic disintegration (Pasch et al. 2003, Volodina 2011). We thus predict that in
terms of reference to Ref1, H% > L%.

Overall, we thus predict in terms of reference to Ref1, weil > denn and Ø > H% > L%. We did not
predict an interaction between the syntactic and prosodic conditions.
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5.3 Participants

We recruited 152 students at the University of Cologne as experimental participants. They partic-
ipated for course credit and gave their informed written consent for us to anonymously use their
experimental data for scientific purposes. For the statistical analysis, we excluded data from all par-
ticipants who were not German native speakers, reported hearing problems, reported participating
while in a noisy environment, reported having been disturbed more than once while participating,
or gave more than one wrong answer to a catch filler item. This left data from 111 (99 female, 12
male; mean age 22.2 years, age range 17-48 years) participants for the final analysis. We decided
on this slightly less strict catch filler criterion because 111 participants already leaves less than 20
participants per list on average.3

5.4 Procedure

Experiment 3a was conducted online via Qualtrics. Participants heard the question about the refer-
ence of the ambiguous pronoun as part of the recording for each item. Only then were they presented
with the two choices corresponding to the two subject referents on their computer screen. Partic-
ipants could listen to each recording only once and had to then complete the same task as in the
previous experiments: choosing which referent the ambiguous pronoun in the nonce-word sentence
referred to (forced-choice).

5.5 Statistical analysis

Participants’ response choices were again coded as a binary choice to first subject reference. We
again fitted a Bayesian generalized mixed-effects model with a logistic link function to the result-
ing data, with weakly informative priors. Since the experiment had a crossed design, the model
was sum-coded, with weil and denn coded as 0.5 and -0.5, respectively, and low boundary, high
boundary, and no boundary coded as [0.5; 0], [0; 0.5], and [-0.5; -0.5], respectively. It included
the 2-level syntactic condition (weil vs. denn) and the 3-level prosodic condition (low boundary vs.
no boundary vs. high boundary) as fixed effects as well as their interaction, and random effects for
participants and items.

5.6 Results

The fixed-effects results of the model are given in Table 7. Table 8 gives the estimated marginal
means (via emmeans) on the response scale for each level resulting from crossing the syntactic and
prosodic conditions. The same data is visualized in Figure 5.

Based on the data and the model, the weil-condition has a higher proportion of resolutions to
the first-clause subject referent than denn (estimate for weil → denn = -0.59, CrI = [-0.84; -0.34]).
The model does not show any reliable differences between the prosodic conditions.

3. We also ran the statistical analysis with the dataset resulting from applying the stricter catch filler criterion of exclud-
ing all participants that got at least one catch filler wrong, which leaves only 84 participants. The results show the
same tendencies as the ones presented in the main text.
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Condition Estimate Error 95%-Credible Interval
Intercept (grand mean) 0.5 0.24 [0.03; 0.98]
syntax (weil → denn) -0.59 0.12 [-0.84; -0.34]
prosody 1 (no boundary → low boundary) -0.11 0.15 [-0.4; 0.2]
prosody 2 (no boundary → high boundary) -0.10 0.16 [-0.4; 0.2]
syntax x prosody 1 0.34 0.3 [-0.24; 0.91]
syntax x prosody 2 -0.21 0.31 [-0.84; 0.37]

Table 7: Fixed-effects results of the Bayesian mixed-effects model for Experiment 3a. Values given
are on the logit scale.

Syntactic cond. Prosodic cond. Median posterior
predictive value HPD region

weil L% 0.658 [0.542; 0.782]
weil Ø 0.717 [0.614; 0.815]
weil H% 0.69 [0.569; 0.795]
denn L% 0.559 [0.427; 0.685]
denn Ø 0.57 [0.436; 0.693]
denn H% 0.525 [0.394; 0.654]

Table 8: Estimated marginal means with highest posterior density (HPD, 95%) regions for the six
levels of the crossed syntactic and prosodic conditions in Experiment 3a based on the
Bayesian model results. Values given are on the response scale and reflect the probability
of the first-clause subject referent being chosen.

5.7 Discussion

As can be seen from the model results and the main effect visualizations, the experiment only
produced reliable evidence for an effect of the syntactic condition, but not the prosodic conditions.
Therefore, none of the prosody-specific predictions made for this experiment can be confirmed.

The results for the six crossed levels (Table 8 and Figure 5), however, suggest that there is an
unexpected interaction of the syntactic and prosodic conditions. This interaction seems to play out
in two ways. Firstly, and most importantly, whereas the high boundary-condition seems to increase
reference to Ref1 when combined with the syntactic weil-condition, compared to the low boundary
condition, as predicted, it seems to instead slightly increase reference to Ref2 when combined with
the denn-condition, in a quite unexpected fashion. Statistically, this interaction effect is not reliable
according to the model, but the results nonetheless suggest that the prediction that H% should simply
increase reference to Ref1 independent of the syntactic condition compared to L% is too simple.

Secondly, we can observe that the no boundary-condition seems to behave more like the H%-
condition when combined with the weil-condition, but more like the L%-condition when combined
with the denn-condition. This could suggest that it is not interpreted as a separate condition. Instead,
we could speculate that in each syntactic context, one type of prosodic boundary is more natural and
less marked than the other (i.e., H% in weil and L% in denn), and that the no boundary-condition
is interpreted or perceived like this less marked boundary type in that syntactic context. There
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Figure 5: Estimated marginal means plus HPD regions (error bars) for the six levels of the crossed
syntactic and prosodic conditions of Experiment 3a based on the Bayesian model results.
Values given are on the response scale and reflect the probability of the first-clause subject
referent being chosen.

is evidence that different types of causal clauses are indeed preferentially produced with different
prosodic boundaries: Hu (2023) found that in English, boundaries preceding because-clauses were
reliably produced with longer pause durations when the clauses were denoting subjective causality
than when they denoted objective causality. For perception, Hu et al. (2023) found that in English
clauses denoting forward causality with so, the prosody of the connective also influenced inter-
pretation: when the connective was produced with longer duration and a more concave (rising) f0
contour, participants reliably chose a subjective continuation sentence compared to an objective one
more often than when the connective was shorter and produced with a convex (falling) f0 contour.
It remains an empirical question how applicable these results are for our German case at hand, even
though the prototypical uses of weil and denn differ on the subjectivity dimension, with weil more
often used in objective relations and denn in subjective relations (e.g., Pit, 2003). As already noted
above, Volodina (2011) found a preference for prosodic integration which would often include a
high boundary preceding the connective for weil-clauses with a content-level reading. For denn-
clauses, on the other hand, Volodina (2014) states that they are preceded by a low boundary in the
majority of cases. However, we will leave an exploration of this point for future research. Since the
no boundary-condition conflates both boundary strength and boundary type, we decided to elimi-
nate it in our next experiment in order to concentrate on the effect of boundary type alone and its
interaction with syntax, prioritizing it in terms of statistical power.

An additional issue was that upon exploring our data, we found that individual items showed
quite different behaviours with regards to the experimental conditions. Some items did not exhibit
very much variation between the experimental conditions, in comparison to others, see Figure 6.
Looking at those items exhibiting very little variation, we found that often, the semantics of the
item made one of the two referents much more likely to be mentioned as subject of the continuation

110



CLAUSE COMBINING AND THE PROMINENCE OF REFERENTS

sentence. For example, in item 8 (7), which showed very little variation and had a mean value of
0.87 (1 being 100% resolution to Ref1), it seems plausible that participants overwhelmingly chose
referent 1 (Anna) as subject of the continuation sentence sie zirfte in Experiment 3a because that
referent is both affected and present in the situation that is talked about, while referent 2 (Gabi) does
not have to be present in the situation at all.4

(7) a. Anna
Anna

hat
has

kalte
cold.PL

Spagetti
spaghetti.ACC

gegessen
eaten

weil
because

Gabi
Gabi

die
the.F

Mikrowelle
microwave.ACC

kaputt
broken

gemacht
made

hat.
has

Sie
she

zirfte.
zirfed

‘Anna ate cold spaghetti because Gabi broke the microwave. She zirfed.’

We found that about half of the items could conceivably contain a semantic bias in this sense. In
order to have a clear separation criterion, for the next experiment we decided to replace all items
meeting the following criterion: the interquartile range (IQR) of participant-averaged variation be-
tween conditions was less than 0.125 points on the response scale. This meant replacing 12, i.e.,
exactly half, of the items with items where both referents were physically present in the situation.
We would like to stress that our aim was to reduce this semantic bias, which is an unwanted con-
found in our experiment. We created new items that would hopefully not be as noisy and thus allow
us a less obscured look at whether there really is an effect of prosody. This implies that we expect
any effect of prosody to be comparatively small and less robust against any strong semantic biases
than the effect of syntax, which comes through despite of it.5

Overall, we were thus left with intriguingly unexpected but not fully reliable results for this
experiment. With the next experiment (Experiment 3b), we intended to clarify these issues by
gaining robust evidence for the possible interaction effect between syntax and prosodic boundary
type.

6. Experiment 3b

Experiment 3b is a follow-up to Experiment 3a, again aimed at investigating the role that different
prosodic boundaries play in interaction with syntactic cues on the prominence of subject referents.
With the intention of obtaining more robust evidence for the possible interaction effect between
the syntactic and prosodic conditions suggested by Experiment 3a, we made changes to both the
conditions and the items. We omitted the no boundary-condition from Experiment 3a since it did
not seem to behave independently from the other prosodic conditions and because that allowed us
to focus on boundary type alone rather than boundary type as well as boundary strength. We also
exchanged half of the items for ones that we hoped would allow for more variation in pronoun
interpretation (see 5.7). We collected entirely new data from new participants for this experiment.

4. Though the contexts were different, Rohde et al. (2006) for example also show an effect of physical presence on
coreference.

5. Indeed, similar differences in by-item variation can be found in Experiments 1 and 2. We have included plots in the
supplementary data, including a plot of Experiment 1 with just the weil and denn conditions. These plots inform two
observations: 1) Interpretation biases for each item are similar across experiments, underlining the assumption that
the specific contents of an item plays an important role in resolving the ambiguous pronouns; 2) Even though the
effect of weil vs. denn in Experiment 1 and 2 is fairly small and does not override the interpretation biases based
on the semantics for each item, the effect appears to be consistent (non-noisy) enough to still show up in the main
analysis (unlike the interaction effect in Experiment 3a).
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Figure 6: Boxplots of by-condition and by-participant variation for each experimental item in Ex-
periment 3a.

In addition, we also recruited more participants per condition than before to gain robust results even
when applying the strictest exclusion criterion of excluding all participants from the final analysis
that got even one catch filler wrong.

6.1 Conditions

Experiment 3b omitted the prosodic no boundary-condition from Experiment 3a. Apart from that,
the conditions stayed the same as in that experiment, thus creating a 2x2 experimental design.

6.2 Items

Compared to Experiment 3a, we replaced all items with an interquartile range (IQR) of participant-
averaged variation due to the conditions of less than 0.125 points on the response scale, as described
in the discussion section for Experiment 3a. This meant replacing 12 items, exactly half of the
original ones. Since we had found many of them to plausibly bias interpretation towards one of the
two subject referents via their semantics, we replaced them by ones that we hoped would be less
biased semantically and more sensitive to our experimental manipulation.

Thus for example, we replaced (7) as item 8 from Experiment 3a with (8), where it is much
more plausible that both referents are present in the situation that is currently talked about. We left
both the referent names and the nonce verbs the same when replacing items. The new items were
recorded and their recordings processed in the same way as those for Experiment 3a. Apart from
these changes, the items were the same as in Experiment 3a.
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(8) a. Anna
Anna

hat
has

den
the.ACC

Ball
ball.ACC

angenommen
received

weil
because

Gabi
Gabi

nicht
not

mehr
anymore

drangekommen
it.reached

ist.
is

Sie
she

zirfte.
zirfed

‘Anna took the ball because Gabi couldn’t reach it anymore. She zirfed.’

Items were distributed across four lists via a Latin-square design, together with the same fillers as
in Experiment 3a.

6.3 Predictions and hypotheses

For the syntactic manipulations, the predictions were again the same as in Experiments 1 and 3a, i.e.
more resolution to Ref1 for weil than for denn. For the prosodic manipulation, based on the tentative
results from Experiment 3a and in contrast to the predictions from that experiment based on previous
literature, we now predicted to find an interaction with the syntax for boundary type: namely that
in the weil-condition, resolution to the first referent should increase in the high boundary-condition
compared to the low boundary-condition, while in the denn-condition, resolution to the first referent
should decrease in the high boundary-condition compared to the low boundary-condition.

6.4 Participants

We recruited 140 new German native speakers without hearing problems via the platform Prolific
as experimental participants. They were paid for their participation (2.55GBP for a task that was
estimated to take 13-18 minutes; average completion time was 14.8 minutes) and gave their in-
formed written consent for us to anonymously use their experimental data for scientific purposes.
For the statistical analysis, we excluded data from all participants who reported participating while
in a noisy environment, reported having been disturbed more than once while participating, or gave
at least one wrong answer to a catch filler item. This left data from 105 participants (49 female, 56
male; mean age 30.6 years, age range 20-50 years) for the final analysis.

6.5 Procedure

The experimental procedure was the same as in Experiment 3a.

6.6 Statistical analysis

We only used the data that was newly collected for this experiment in the analysis. As in the
previous experiments, participants’ response choices were coded as a binary choice to first subject
reference and a Bayesian generalized mixed-effects model with a binomial link function was fitted
to the resulting data, with weakly informative priors. Since we were expecting an interaction, the
model was again sum-coded, with weil and low boundary each coded as -0.5, and denn and high
boundary each coded as 0.5, respectively. It included the 2-level syntactic condition (weil vs. denn)
and the 2-level prosodic condition (low boundary vs. high boundary) as fixed effects as well as their
interaction, and random effects for participants and items.
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6.7 Results

The fixed-effects results of the model are given in Table 9. Table 10 gives the estimated marginal
means (via emmeans) on the response scale for each level resulting from crossing the syntactic and
prosodic conditions. The same data is visualized in Figure 7.

Condition Estimate Error 95%-Credible Interval
Intercept (grand mean) 0.24 0.23 [-0.2; 0.71]
syntax (weil → denn) -0.6 0.11 [-0.83; -0.38]
prosody (low → high) 0.03 0.14 [-0.24; 0.3]
syntax × prosody -0.49 0.23 [-0.95; -0.04]

Table 9: Fixed-effects results of the Bayesian mixed-effects model for Experiment 3b. Values given
are on the logit scale.

Syntactic cond. Prosodic cond. Median posterior
predictive value HPD region

weil L% 0.6 [0.484; 0.709]
weil H% 0.662 [0.541; 0.77]
denn L% 0.512 [0.386; 0.633]
denn H% 0.458 [0.345; 0.582]

Table 10: Estimated marginal means with highest posterior density (HPD, 95%) regions for the six
levels of the crossed syntactic and prosodic conditions in Experiment 3b based on the
Bayesian model results. Values given are on the response scale and reflect the probability
of the first-clause subject referent being chosen.

Hypothesis Est. Error 95%-Credible
Interval

Evidence
ratio

Posterior
probability

effect of high boundary >0
with syntactic condition = weil

0.27 0.17 [-0.01; 0.57] 17.39 .95

effect of high boundary <0
with syntactic condition = denn

-0.22 0.18 [-0.51; 0.08] 7.72 0.89

Table 11: One-sided hypothesis checks for the prosodic effect dependent on the level of the syn-
tactic condition in Experiment 3b based on the Bayesian model results. Estimate values
given are on the logit scale.

The results confirm and replicate the syntactic main effect already observed in Experiments 1
and 3a: the weil-condition has a higher proportion of resolutions to the first-clause subject referent
than denn (estimate for denn = -0.36, CrI = [-0.66; -0.06]). The main effect due to the prosodic
condition alone seems to be very small and not reliable. However, as the robust interaction effect
in Table 9 and Figure 7 indicate, this seems to be because, as already hinted at by the results from
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Figure 7: Estimated marginal means plus HPD regions (error bars) for the four levels of the crossed
syntactic and prosodic conditions of Experiment 3b based on the Bayesian model results.
Values given are on the response scale and reflect the probability of the first-clause subject
referent being chosen.

Figure 8: Posterior distributions of the conditional prosodic effect (from low to high boundary) in
the syntactic weil-condition (in blue) and denn-condition (in red), based on the Bayesian
model results of Experiment 3b. Values given are on the logit scale.
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Experiment 3a and as predicted for this experiment, the effect due to the prosodic condition interacts
with the syntactic condition. In order to corroborate this further, we ran a one-sided hypothesis
check on the prosodic effect (moving from low boundary to high boundary) for each level of the
syntactic condition, one for weil and one for denn. The results are given in Table 11 . As they
indicate, the prosodic effect for weil is positive with a probability of 0.95, while that for denn
is negative with a probability of 0.89. A look at Table 10 tells us that for weil this translates to an
average increase in resolution to Ref1 from 0.6 to 0.66 from L% to H%. For denn, average resolution
to Ref1 decreases from 0.512 to 0.458 from L% to H%. Additionally, we visualize the difference
in the posterior distributions of the prosodic effect for weil and denn in Figure 7 . This allows us
to see that while there is some overlap between the distributions, the majority of the distribution for
the prosodic effect on weil is higher than that on denn. Accessing the posterior also allows us to
calculate the number of individual posterior samples where, against the overall trend, the effect on
denn is higher than that on weil. That is the case in only 1.6% of the posterior distributions. We
consider this strong evidence that there is an interaction effect of prosody with syntax in our data
with a trend for the prosodic effects to not only be of different strengths but to also go in opposite
directions for the two levels of the syntactic condition. This also explains why there is no robust
effect due to prosody alone.

6.8 Discussion

The main finding is that our prediction based on the preliminary results from Experiment 3a was
confirmed in this experiment: we replicated the surprising interaction effect between prosody and
syntax. Taken together, the results from Experiments 3a and 3b allow us to say with some confidence
that prosodic manipulations at a relatively high level, viz. of phrasal boundary tones, affect the res-
olution of subject pronouns. Compared to the various syntactic manipulations, the effect is smaller,
but crucially, it interacts with syntax in a surprising way. Whereas for a [main-sub]-configuration
of two clauses connected by weil, a high interclausal boundary tone increases reference to the first
clause subject referent compared to a low boundary tone, for a [main-main] configuration with
denn, it decreases reference to the first clause subject. This seems to speak against equating inter-
clausal boundaries with high tones with a higher degree of integration independent of context (cf.
Schubö et al., 2015; Pasch et al., 2003; Volodina, 2011), if we assume that a less integrated second
clause should be more independent and thus more reliably targeted as the most recently activated
unit. Instead, the effect of the interclausal high boundary tone seems to interact with the upcoming
structure: preceding a weil-clause, it strengthens the tendency of that clause to be perceived as de-
pendent, resulting in fewer resolutions to its subject referent. This is in line with a straightforwardly
cumulative effect of syntax and prosody. However, in the denn-condition, the effect of the high
boundary tone is unexpected. Preceding a denn-clause, it appears to strengthen the tendency of that
clause to be perceived as independent and results in more resolutions to its subject referent. In the
following we briefly sketch a preliminary account that explains these findings in terms of a function
of the high boundary tone as directing attention to what is coming up.

High boundary tones have long been recognized to convey rather abstract meanings variously
labeled openness, non-finality or incompleteness (see e.g., Cruttenden, 1981; Gussenhoven, 2004).
These labels all express the intuition that such high tones refer forward. It has recently also been
found that boundary rises, compared to falls, increase attention orienting (involuntarily / subcon-
sciously) during online processing (Lialiou et al., 2024a,b) and serial recall (Roehr et al., 2022)
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for the larger domain with which they are associated. We speculate that this also means increased
attention at what is coming next and how it is to be combined. Assuming this is the case, combined
with the given that high boundary tones are probably more common before weil than before denn in
everyday language use (Volodina, 2011) and thus more marked in the denn-condition, we suggest
that when listeners encounter a denn-clause after the high boundary, they will be more attentive to
the second clause. Since this is a coordinated and independent structure, listeners are more likely to
represent it as separate from the main clause they just encountered before, compared to a situation
where there was no high tone to increase their attention.6

This proposed account has the advantage of explaining our results and of making testable pre-
dictions about how prosody and syntactic structure should interact in other cases, e.g., with other
connectives, or during online processing. We leave a more thorough elaboration for future work.

7. General discussion

Coreference seems to require antecedents to be at least somewhat recent. As the discourse continues,
a mentioned referent’s prominence seems to decrease, until it is no longer available to be picked
up by a reduced referring expression. The relation between recency and prominence, however,
does not appear to be straightforwardly linear, but is impacted by characteristics of the intervening
discourse. In this study, we showed that an important feature of a discourse that can impact the
prominence of referents is the extent to which intervening discourse segments are considered to be
independent versus integrated with another discourse segment, and that the degree of integration of
discourse segments is influenced by different factors. All experiments showed an effect of syntactic
configuration, where an intervening main clause results in a higher drop in ambiguous pronouns
resolved to an earlier referent than an intervening subordinate clause. In addition, Experiments 1
and 2 showed an effect of explicit coherence markers, where a discourse segment introduced by
or containing a connective results in a higher proportion of ambiguous pronouns resolved to an
earlier referent than a discourse segment that is simply juxtaposed with the preceding segment.
Experiment 2 showed an effect of typographic boundaries, where an intervening clause presented
as an independent sentence (by means of a full stop) results in a higher drop in ambiguous pronouns
resolved to an earlier referent than an intervening clause that is separated from the preceding clause
by means of a comma. Experiments 1 and 2 also demonstrated that these three factors appear to
work in a straightforwardly cumulative way.

Experiment 3a and 3b investigated the effect of prosodic boundaries on coreference patterns,
departing from the assumptions (based on the literature) that 1) the presence of a longer break and
an intonational boundary tone are associated with a lower degree of integration between two clauses
compared to a shorter break without a boundary tone, and that 2) a low boundary tone is associated
with less integration between two clauses than a high boundary tone. The results from Experiment
3a, however, suggested that the effects of prosodic boundary tones on coreference were not as sim-
ple as these assumptions would predict. The no boundary-condition did not appear to behave as an
independent condition, and instead behaved like the high boundary-condition in the weil-items and
like the low boundary-condition in the denn-items. In addition, the prosodic boundary conditions
appeared to behave differently depending on the syntactic condition (weil versus denn), though the

6. Although, as mentioned, high boundary tones are more common before weil, a similar mechanism could be at play
here: the high boundary tone calls attention to the fact that the second clause should be integrated with the first clause,
thus resulting in more prominence of the first clause compared to a sentence without such a boundary tone.
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interaction was not statistically reliable. In Experiment 3b, we dropped the no boundary-condition
and replaced the experimental items that showed little variation in the interpretation of the ambigu-
ous pronoun (where presumably the meaning of the prompt shifted the interpretation bias of the
item toward one of the two referents), to create more power to detect a possible interaction be-
tween prosody and syntax. The interaction between prosody and syntax suggested by Experiment
3a showed up statistically reliably in Experiment 3b: While a high boundary tone resulted in an
increase in the proportion of pronouns resolved to the referent of the first clause in the weil (sub-
ordinate clause) condition, it led to a decrease in the denn (main clause) condition (this interaction
showed up in addition to the main effect of syntactic configuration). These results confirm that
even though high boundary tones have long been associated with a meaning of “openness” or “non-
finality” and low boundary tones with “closedness” or “finality”, they do not affect coreference
patterns in the same way as other (non-prosodic) factors that seem to influence the integratedness
of clauses (segments) in a discourse. This is especially interesting because prosodic boundaries, in
particular intonationally marked boundaries, are often seen as correlates of typographic boundaries,
in particular commas. That this is too simplistic a view for German has been shown by Kirchhoff
(2016) (cf. Bredel, 2008). He proposes a model in which typographic commas in German are ex-
plained in part by intonational boundaries, and in part by syntactic conditions including one which
places commas between subordinate clauses. However, since he adopts a syntax-prosody-mapping
along the lines of Selkirk (2011) which essentially derives underlying intonational boundaries from
syntactic ones, typographic boundaries are effectively based on syntax, with prosody only acting as
an intermediary. Our results seem to suggest that at least in perception, intonation contributes cues
to the construction of larger units of meaning in a way that is more independent from syntax than
this view suggests. Since we found, against our initial predictions, that the choice of interclausal
boundary tone interacts with the syntactic type of upcoming clause for coreference resolution, the
information that the boundary tone provides is difficult to derive straightforwardly from syntax and
seems to be truly additional. We have sketched an explanation for this interaction that makes re-
course to assumptions about how (high) boundary tones direct attention to upcoming material during
processing. However, it is speculative, and more research is needed both to corroborate or falsify
this explanation, and to further investigate the possibly independent role of prosody in coreference
resolution.

A reviewer raises a question about how unexpected the prosodic results are, and especially how
unexpected their relatively weak effect size (about 5% resolution change in either direction) is, given
the existing literature. If we consider the claims made about the importance of prosody for integra-
tion, not only is our observed interaction with syntax unexpected but also the small effect size. But
we can also compare our findings with other studies on the effects of prosody on (pronominal) ref-
erence. There is a long-standing observation (going back to Akmajian and Jackendoff, 1970) that
the difference between an unaccented and an accented pronoun can produce a preferred reference
switch between two potential NP antecedents in English. Subsequent empirical research has con-
firmed this for English, but with qualifications: Itzhak (2013) (on subject pronouns), Taylor et al.
(2013) and Mozuraitis and Heller (2017) (on object pronouns) observed a mean reference switch
(with resolution changes from 20%-70% across different experiments) when the antecedent sen-
tence and the anaphor sentence were in a PARALLEL coherence relation. For Spanish, Taylor et al.
(2013), found a similarly sized effect of mean reference switch between using only a preverbal clitic
pronoun and using a clitic pronoun doubled with a full postverbal pronoun, but prosodically accent-
ing this full pronoun with a rising pitch accent did not have an additional effect. All three studies
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also observed no comparable effect when the sentences were in a different coherence relation to
each other. For (native) Italian, White et al. (2025) found an effect of about 25% resolution change
that did not result in a mean reference switch between unaccented and accented conditions. For
German, Hert (2023) did observe a reference switch of about 25% resolution change in a similar
setup with the subject personal pronoun er, but no difference with the object personal pronoun ihn.
Arguably however, our results should rather be compared with studies where not the pronoun itself
was prosodically manipulated but the elements in the antecedent context. This was done in another
study in Itzhak (2013) for English, where one of two NPs in the antecedent context was produced
either with or without a rising pitch accent, followed by an ambiguous pronoun. She found an effect
of about 13% resolution change. For German, Hert (2023) had a similar setup with two potential
antecedent NPs followed by an ambiguous pronoun and a prosodic pitch manipulation on one of
the NPs. In one experiment, she found a non-significant effect of about 5% and a significant effect
of about 13% in another experiment for the personal pronoun er. For the demonstrative pronoun
der, she found a stronger effect of around 25% resolution change. Given that in these studies, pitch
(accent) manipulations on the antecedent NPs themselves only produced a relatively small effect,
we think it is notable that our manipulation on only the boundary tones of the phrases in which the
NPs are contained still produced an effect of comparable magnitude. This is interesting also in the
light of findings (Grice et al., 2024) that pitch manipulations at the level of individual pitch accents
vs. phrase-level boundary tones affect the serial recall of units differently, with high boundary tones
improving the recall of the whole group they demarcate, while pitch accents only affect that of
the individual unit they are realised on. Our results are compatible with one side of this domain-
specific effect: (high) boundary tone manipulations affect the prominence of referents in the groups
demarcated by them. But more research is clearly needed also to test its inverse: do pitch accent
manipulations on individual referents affect the prominence of the larger grouping (e.g. a propo-
sitional discourse referent)? Overall, the varied experimental results summarized here show that
(the size of) prosodic effects on pronoun resolution in contexts with two antecedents varies quite
strongly, depending on the language, the type of pronoun, the discourse relation, whether pitch is
manipulated on the pronoun itself or on the antecedent context, and potentially in the latter case, on
the location of the pitch manipulation. More research is clearly needed to really understand how
prosody interacts with other factors in pronoun resolution.

Our results show that when two referents are both accessible at the right frontier of discourse,
the type of manipulations we have employed (syntactic sub-/coordination, presence/absence of con-
nectives, typographic and prosodic boundaries) affect which one of them an ambiguous pronoun
is preferentially resolved to. These manipulations all take effect at the level of the clause, and yet
our results show that they affect the prominence of individual referents. Theoretically, the implicit
assumption here is that the prominence of larger units (the clauses or rather their corresponding
propositional discourse referents) affects the prominence of smaller units (the individual referents)
contained within them. That is to say, that the smaller units “inherit” (some of) their prominence sta-
tus from the larger units. We have empirically corroborated this intuitively plausible idea in a recent
paper which also re-uses the data from Experiment 1 here (Buchholz et al., 2025). In the future, we
intend to also conduct further empirical research on the inverse relation, i.e. how individual-level
manipulations might affect clause-level referents, to provide this missing piece of the puzzle.

While our main focus in this paper was on the prominence of referents, our findings thus also
extend to the question of how people build a discourse structure: which of the previous clauses do
they attach a new clause to? This issue, while not trivial, has often been neglected within the field
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of discourse coherence, much like other questions related to discourse segmentation (but see Hoek
et al. 2021 for a rare empirical study on this topic). The current study proposes a general mechanism
that guides the process of attaching segments to the preceding discourse: the more integrated with
earlier segments the most recent discourse segment is, the more likely it is that a new segment
attaches not to the most recent, but an earlier segment. Note that this mechanism is compatible
with the Right Frontier Constraint, which posits that only those segments that subordinate the most
recent discourse segment, and thus in a way discourse-structurally contain the most recent discourse
segment, are available for easy attachment.

Our study was conducted in German, but the proposed mechanism, whereby the level of inte-
gration modulates the effect of recency on the prominence of clauses / discourse segments and the
referents contained within those clauses, is assumed to generalize across languages. However, the
exact contribution of specific features may differ between languages. German, for instance, has sub-
ordinate clause word order, which has been suggested to make the distinction between main clauses
and subordinate clauses bigger compared to languages where word order between main and subor-
dinate clauses is the same (e.g., English). The effect of grammatical subordination we found in the
current study may therefore be bigger, or more consistent, than what we would find if we were to run
the same study in English. In addition, in some languages, like for instance Japanese, connectives
frequently appear in clause-final position, which may impact the effect of connectives on perceived
integration found in the current paper. Finally, the current study only tested causal relations, but we
again hypothesize the general mechanism to generalize across relation types. However, there may
be characteristics of specific relation types or connectives that also impact the availability of clauses
and the referents contained within them, see for instance (Buchholz et al., 2025) for a discussion of
German obwohl ‘although’-relations, in which the subordinate clause has been argued to express a
proposition that is not asserted.

In sum, the current paper proposed a general mechanism of integration impacting the promi-
nence of clauses and referents in a discourse, and identified several factors that impact the integra-
tion between clauses. Future work should further test the explanatory value of this account, and
extend the research to other languages and other language features that may impact the extent to
which clauses are considered an integrated unit.
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Na Hu, Aoju Chen, Hugo Quené, and Ted J. M. Sanders. The role of prosody in interpreting
causality in English discourse. PLOS ONE, 18(6):1–22, 06 2023. doi: 10.1371/journal.pone.
0286003.

Inbal Itzhak. The influence of lexical biases and prosodic information during online interpreta-
tion of ambiguous pronouns. PhD thesis, McGill University, Montreal, 2013. URL https://
escholarship.mcgill.ca/concern/theses/dn39x471q. Publisher: McGill Uni-
versity.

Katja Jasinskaja. Not at issue any more. Manuscript, University of Cologne, 2016.

Marcel A. Just and Patricia A. Carpenter. A theory of reading: From eye fixations to comprehension.
Psychological Review, 87(4):329–354, 1980. doi: 10.1037/0033-295X.87.4.329.

Elena Karagjosova. Discourse particles, discourse relations and information structure: The
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