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ABSTRACT

The current study investigates for how long readers maintain expectations about an upcoming
discourse relation. We use the pair of discourse markers On the one hand (OT1H) and On
the other hand (OTOH) to test the facilitative effect of OTTH on the processing of OTOH and
the sensitivity of this effect to the presence of intervening material. Results from a story
continuation study indicate that intervening material slightly weakens the effect of OTTH on
offline representations of the discourse. Results from a self-paced reading and two eye-tracking
studies suggest that the presence of intervening material diminishes the facilitative effect of
OT1H in online processing. These results support memory-based models of processing by
showing that discourse dependencies, while they are built as fine-grained representations, are
not unbounded in real-time processing.

INTRODUCTION

Previous work has shown expectation-driven processing at multiple levels of linguistic
structure with an emphasis on anticipation as a fundamental aspect of language processing.
An open question is whether the strength of such an expectation is affected by the distance
separating the cue that gave rise to the anticipation and the anticipated content itself. Memory-
based models of processing assume that sentence processing becomes more difficult with
additional material — the intervening material can cause decay or interference of the antici-
pated content (e.g., Lewis et al., 2006). By contrast, expectation-based accounts assume that
the processing cost of a word is a function of its expectancy given the prior linguistic context —
the context provided by more intervening material can even serve to strengthen the expecta-
tion of an upcoming word or structure (Hale, 2001; Levy, 2008; Levy & Keller, 2013). In other
words, an expectation-based account would assume that predictions can remain stable if the
intervening material does not add content that gives rise to competing predictions, and that
predictions can even be strengthened through new intervening material, if this material sup-
ports the prediction (but see Vasishth et al., 2018, who show that effects reported in Levy and
Keller (2013) are not replicable.). Here we test the nature of predictions at the discourse level,
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specifically whether they can be maintained across intervening material that does not discon-
firm or reinforce the predictions.

Studies providing evidence for predictive language processing have often focused on sen-
tence processing at the syntactic level. In the domain of syntax, when a dependent element is
separated from its head, the second element must still follow within the same sentence for the
text to be felicitous. For example, one study closely related to the current paper investigated
the facilitative effect of the word either on the processing of content following or (Staub &
Clifton, ). The results showed that either enabled readers to predict the arrival of a coor-
dination structure, which facilitated processing of this structure when it ultimately arrived —
which was bound to happen within the same sentence. The current study looks at predictive
language processing at the discourse level, a domain in which dependencies can be much
more flexible. Oftentimes, intervening clauses and even sentences can occur before the antic-
ipated element, without the discourse being infelicitous. Moreover, intervening material may
not necessarily support or strengthen the prediction since discourse-level dependencies are
not as tightly constrained as those at other levels of linguistic structure. Rather, the intervening
material may contain content that addresses related discourse goals or that is tangential to
those goals, thereby possibly diluting the original pre-activation for a specific discourse depen-
dency. This is illustrated in Passage 1 (taken from Scholman et al., ).

(1) Joseph got a job offer from the Edinburgh Zoo and he’s pondering whether he
should take it.
On the one hand, he needs the money that this job will pay, [because he should
start paying off his student loans this year. Also, his car needs to be serviced by the
end of the month.]
On the other hand, he hates the idea of cleaning out panda cages and lion dens
every day.

In this discourse, the marker On the one hand (OT1H) generates an expectation for an
upcoming contrast dependency between two arguments, here referred to as contrast1 (marked
by On the one hand) and contrast2 (marked by On the other hand). Crucially, intervening
material may follow the OT1H-marked contrast1, as is the case with the content in brackets
in Passage (4), which intervenes before the OTOH-marked contrast2. Scholman et al. ( )
note that 7% of OT1H-marked instances in their corpus study were followed by intervening
sentences before OTOH appeared.

The OTTH~OTOH pairing therefore lends itself to studying the effect of intervening mate-
rial on the strength of anticipations: at OT1H, the content of contrast1 is introduced and an
expectation for an upcoming contrast2 is generated, yielding an open dependency that a com-
prehender must maintain while processing any intervening material; then, at the point of
encountering OTOH, that open dependency must be retrieved and the OTOH sentence must
be integrated in the discourse representation as contrast2. This integration may be more diffi-
cult when the dependency spans substantial intervening material. During the processing of
intervening material, the representation of OT1H and contrast1, as well as the anticipation
of upcoming contrast2 marked by OTOH, will have been subject to decay and interference
from new content and competing anticipations. Consequently, retrieving the representation of
the contrast dependency and integrating OTOH in the discourse structure may be more

" In the majority of OT1H-marked instances (60%), OT1H and OTOH occurred in the same sentence. In 15%
of the instances, OT1H and OTOH occurred in adjacent sentences.
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difficult the greater the distance, thereby impeding the processing of OTOH. However, a com-
peting hypothesis is that the expectation of OTOH based on OT1H can persist across inter-
vening material, due to the pairing’s strong statistical dependency.

In the current work, we exploit these features of the OTTH~OTOH pairing to study the
generation and maintenance of discourse dependencies. Experiment 1, a story continuation
study, investigates whether the pre-activation of OTOH is similarly strong in items with and
without the intervening material. The results show that comprehenders expected OTOH to
follow after having read OT1H. Crucially, the presence of intervening material led to fewer
contrastive continuations, indicating that intervening material has an effect (albeit a small
one, in this paradigm) on the anticipation of OTOH. We follow up on the offline story con-
tinuation result with two reading time studies, to test whether these effects are also detectable
during online processing. Experiment 2 is a self-paced reading study; Experiment 3 is an eye-
tracking-while-reading study. They were designed to investigate whether the facilitative effect
of OTTH on the processing of OTOH is affected by the presence of intervening material. We
expected to find that OTOH is processed faster when OT1H is present compared to when it is
absent. The question is whether this facilitative effect is sensitive to distance — does intervening
material cause discourse expectations to decay? The results of both studies show that this is
indeed the case: the facilitative effect of OTTH diminished in the presence of intervening
material. The current work therefore supports memory-based models of processing by showing
that discourse processing becomes more difficult with additional intervening material.

BACKGROUND

The studies we review below provide the context for asking how comprehenders’ anticipatory
processes can be cued in discourse and how intervening material may affect these processes.
This section first discusses expectations in discourse processing, followed by effects of decay
and interference on language processing.

Expectations in Discourse Processing

Research on discourse has shown that comprehenders make predictions about upcoming rela-
tions between the ideas expressed in clauses or sentences, referred to as discourse relations

(e.g., Asr & Demberg, ; Barthel et al., ; Crible, ; Dery & Koenig, ; Hoek
et al., ; Kohne-Fuetterer et al., ; Rohde & Horton, ; Scholman et al., ,
; Schwab & Liu, ; Xiang & Kuperberg, ; Yi & Koenig, ). Comprehenders

can predict specific upcoming content or discourse relations based on a discourse connective
(e.g., because, however) or other discourse relational signals such as implicit causality verbs.
For example, Kohne-Fuetterer et al. ( ) found in a visual world paradigm that the presence
of the connective however in passages such as (2) can quickly reverse comprehenders’ expec-
tations of an expected result (getting something sweet to eat), thereby making an unexpected
concession (getting something savoury to eat) expected. Further, ERP results indicated that this
mental representation update occurred immediately after encountering the concessive con-
nective however (Kohne-Fuetterer et al., ).

(2) Marc fancies a small snack. He feels like having something sweet. [However], he gets...
Schwab and Liu ( ) presented a study closely related to the current work: they investi-

gated processing of marker pairs using the English and German pairs of discourse markers true/
sure...but and zwar...aber (see Example (3)). In a self-paced reading paradigm, the authors
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showed that processing of the connectives but and aber was facilitated when they were pre-
ceded by true/sure and zwar: reading times on the German connective aber and the region
following the English connective but were faster when these connectives were preceded by
their corresponding lexical counterpart compared to when they were not.

(3) James likes to run outdoors. [True, ()] he has a treadmill in the living room, but he often
jogs in parks.

Note, however, that even though true/sure...but do allow for flexibility in when the second
argument will appear in the discourse, these markers consistently occurred together in the
same sentence in Schwab and Liu’s ( ) study. Their results therefore cannot speak to the
duration for which such facilitative effects can persist.

In the current work, we focus on whether the facilitative effect of discourse markers is
affected by the length of the dependencies; specifically, whether comprehenders can main-
tain discourse predictions across intervening content. This study builds on Scholman et al.
( ) and Scholman et al. ( ), who investigated discourse predictions based on the
discourse markers On the one hand (OT1H) and On the other hand (OTOH). The marker
OT1H signals to the comprehender that a contrast2 will follow, which can facilitate process-
ing of the marker signalling contrast2. Indeed, Scholman et al. ( ) found faster reading
times on OTOH when it was preceded in the previous sentence by OTTH. This effect was
visible in early processing (first pass) as well as later processing measures (regression path
and total fixation duration). These results establish expectation-driven effects at the dis-
course level, showing comprehenders” awareness of the discourse dependency established
by a discourse marker.

While Scholman et al.’s ( ) study contained materials in which contrast1 and con-
trast2 consisted of two adjacent sentences with only a main clause, contrast2 does not need
to follow contrast1 immediately (i.e., intervening content can occur), and contrast2 need not
be marked overtly with OTOH. This latter observation was exploited in Scholman et al. ( )
to test whether comprehenders build and maintain predictions of discourse dependencies.
They presented readers with passages containing different types of intervening material: In
(4), the content of the global contrast condition plausibly contrasts with the content of the
OT1H-sentence and thus satisfies the contrast1~contrast2 pairing; the content of the local con-
trast condition most plausibly contrasts with information embedded in the subordinating
because-clause that directly precedes it and thus does not fully satisfy the contrast1~contrast2
pairing; condition (iii) provided a baseline.

(4) Intro: Joseph got a job offer from the Edinburgh Zoo and he’s pondering whether he
should take it.

OT1H: On the one hand, he needs the money that this job will pay, because he should
start paying off his student loans this year.

(i) Global contrast: But he could keep looking for a nicer, better-paying job.
(ii) Local contrast: But the loans could be deferred for a few more months.
(iii) No contrast: Also, his car needs to be serviced by the end of the month.

OTOH: On the other hand, he hates the idea of cleaning out panda cages and lion
dens every day.
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Scholman et al. ( ) showed that participants can generate fine-grained predictions of
upcoming discourse dependencies based on OTTH: in a story continuation and eye-tracking
study, they found evidence that the intervening sentence in the local contrast condition did not
satisfy the contrast2 expectation, whereas the intervening sentence in the global contrast con-
dition did satisfy this expectation, thus leading to longer reading times on OTOH. Hence,
readers not only built, but also maintained, fine-grained predictions of upcoming contrast rela-
tions based on OT1TH. Crucial for the purpose of the current study: participants were able to
maintain these discourse expectations about upcoming dependencies across sentences.

However, Scholman et al. ( ) only presented evidence regarding whether the prediction
of a discourse dependency had been satisfied by intervening material. Their data did not speak
to the facilitative effect of OTTH on the processing of OTOH in the presence of intervening
material, since they did not vary the presence of OT1H. In the current study, we therefore
extend prior work to investigate the effect of intervening material on discourse expectations
of specific lexical items. We compare production of and reading times on OTOH in a con-
dition with and without OT1H presented before OTOH. We expect to find a facilitative effect
of OTTH on the processing of OTOH (similar to effects found Scholman et al., ). In the
following section, we review literature on how intervening material can affect language
processing.

The Effect of Decay and Interference on Language Processing

The studies discussed in the previous section have established that comprehenders can make
discourse predictions. The next question that arises is how long these predictions can be main-
tained. Research regarding the timeline of predictions in language processing have focused
more on when predictions are made than on how long predictions can persist. We therefore
turn to other fields of language processing to understand how intervening material can inter-
fere with processing.

During language processing, lexical and semantic information is temporarily stored in
memory, where it can be accessed for retrieval when needed. The ease of retrieval depends
on how strong the memory trace of the stored information is. The strength of this memory trace
can be affected by material that intervenes between the moment that the information is stored
and the moment that this information needs to be retrieved — that is, the memory trace can
decay with the passage of time.

The decay of information has been investigated extensively within the context of models of
short-term memory. The classic demonstrations of decay are reported in the Brown-Peterson
studies (Brown, ; Peterson & Peterson, ; see Ricker et al., , for a review of decay
studies). Peterson and Peterson ( ) short focused specifically on the effects of interval dura-
tion on decay. Participants were given a letter trigram to remember, followed by a retention
interval varying from 3 to 18 seconds. During the retention interval, participants were required
to count backward by threes in order to prevent rehearsal of the memorandum. Following the
retention interval, participants were asked to recall the item from memory. The results showed
that performance declined as retention intervals increased. The authors attributed this decline
to increasing decay of the memory trace with increasing time.

This interpretation has been debated in subsequent work because the results might also
be explained by interference (see, e.g., Berman et al., ; Underwood & Keppel, ).
Interference occurs when the comprehender devotes attention to processing the intervening,
irrelevant material, which causes the target material to become less available. Since the
Brown-Peterson studies, various researchers have attempted to elucidate the effect of
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interference versus decay on memory and sentence comprehension, and have generally found

support for interference effects over decay effects, although some found distinct effects of both

(e.g., Berman et al., ; Lewandowsky & Oberauer, ; Lewandowsky et al., ; McKone,
, ; Oberauer & Lewandowsky, ; Reitman, ; Van Dyke & Lewis, ).

For the current study, we remain agnostic as to whether a possible effect of intervening
material should be attributed to decay or interference. Instead, we use the term deterioration
to encompass both a linguistic (i.e., interference) and purely temporal effect (i.e., decay). We
return to this issue in the

Deterioration of information has also been discussed in terms of dependency locality effects
(e.g., Gibson, ; Lewis et al., ): increasing the distance between words linked in syn-
tactic dependencies, such as subject-verb dependencies, results in processing difficulties at the
point of retrieval of the second element of the dependency — for example, the distance
between nurse and supervised in (5).

(5) The administrator who the nurse who was from the clinic supervised scolded the medic.

Such locality effects have been observed in ambiguous structures such as garden path

reanalysis (e.g., Ferreira & Henderson, ; Van Dyke & Lewis, ) as well as in unam-
biguous structures, such as subject-extracted relative clauses (Grodner & Gibson, ) and
subject-verb dependencies (Bartek et al., ).

Based on evidence from the decay and interference literature, as well as the dependency
locality literature, we would expect to find that OTOH is read slower when following inter-
vening material. However, some studies have shown that locality effects can only be detected
when the expectation for the predicted element is weak, and not when the expectation is
strong (Husain et al., , see also Campanelli et al., ; Nicenboim et al., ; Stone
et al,, , but see Safavi et al., ). Hence, it is possible that strong expectations can
override the decay or interference effect of intervening material by keeping the anticipated
material active in working memory. If this is indeed the case, we should expect to find that
intervening material does not affect the strength of the facilitative effect of OT1H, given that
there is a strong dependency between OT1H and OTOH.

Further, previous work has shown counterexamples to locality effects (see, e.g., Nakatani &
Gibson, ; Schwab et al., ; Vasishth & Lewis, ). For example, Konieczny ( )
found that the reading time of the clause-final verb begleitet (‘escorted’) in (6) was shorter with
a larger number of arguments preceding it, a so-called anti-locality effect.

(6)  Er hat den Abgeordneten (an das groe Rednerpult) begleitet, und...
He has the delegate (to the big lectern) escorted, and...
‘He has escorted the delegate (to the big lectern), and...”

Anti-locality effects support expectation-based models: interposing elements between argu-
ments and heads do not necessarily interfere, and might even facilitate processing. The effect
that intervening material has on predictions depends on the content of the intervening mate-
rial: the material can only serve to strengthen the prediction if the content contributes to, or
re-activates the prediction. Such strengthening may arise if the intervening material provides
elements, e.g., arguments of a verb, that saturate the possibilities of what content could plau-
sibly intervene and thus render the predicted element more “inevitable”. If the intervening
material gives rise to competing expectations, expectation-based accounts would also
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predict that the material would weaken the original predictions and thereby not facilitate
processing of the originally predicted material. In the current study, the intervening material
consists of a clause marked by because, which supports the argument made in contrast1. We
therefore do not expect the clause to specifically strengthen (no re-activation of the contrast
expectation) or weaken the contrast prediction (no strong competing predictions). Hence, in
the context of the current study, an expectation-based account would likely predict no effect
of the intervening material.

Current Study

In sum, the current study exploits the flexibility afforded by the OTTH~OTOH dependency by
testing the effect of intervening material on discourse predictions. Experiment 1, a story con-
tinuation study, investigates whether the pre-activation of OTOH is similarly strong in items
with and without the intervening material. Based on earlier findings, we expect to find an
effect of OT1H, with a larger proportion of contrastive continuations in the OT1H-present con-
dition than the OT1H-absent condition. An open question is whether intervening material
modulates the effect of OTTH - given that participants can reread earlier materials and thereby
re-activate the OT1H-cue, the effect size of the intervening material might be small.

We then present self-paced reading (Experiment 2) and eye-tracking-while-reading studies
(Experiment 3 and 4), to test the effect of the OT1H-cue and intervening material on online
processing. Based on previous research showing facilitated processing of a second marker in
the presence of a first marker (Scholman et al., ; Schwab & Liu, ), we expect to find a
facilitative effect of OTTH on the processing of OTOH in the absence of intervening material.

A memory-based account would suggest the facilitative effect of OTTH on OTOH to be
diminished in the presence of intervening material. Finding a diminished effect could mean
that the facilitative effect is weaker compared to when intervening material is absent, or that no
effect of OTTH in the presence of intervening material can be found at all. Such a memory-
based account is supported by evidence from the decay and interference literature, and would
be in line with evidence for locality effects.

By contrast, an expectation-based account of processing would suggest that we should find
no effect of intervening material if readers generate predictions of OTOH based on OT1H. In
other words, the facilitative effect of OTTH on the processing of OTOH should be equally
strong in cases when intervening material is absent and when it is present. This would be
in line with anti-locality effects and would extend the domains for which evidence has been
found to substantiate expectation-based accounts over memory-based accounts of processing.

EXPERIMENT 1: STORY CONTINUATION STUDY

A story continuation study was conducted to test whether the pre-activation of OTOH based
on OT1H is affected by the presence of an additional clause attaching to contrast1. We asked
participants to write a story continuation (one or two sentences) to passages that introduce
contrast1 but lack OTOH and contrast2. The continuation task provides insight into compre-
henders’ anticipatory processes by asking participants to guess what content is coming next.

Participants

A total of 162 native English speakers (age range 19-74; mean age 37; 119 female) partici-
pated in this study. All participants were registered as workers on the Prolific crowdsourcing
website and received monetary compensation for their participation (1.20 GBP).
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Materials

The experimental stimuli used across the three studies reported in this paper consisted of 16
three-sentence passages as in (7), in a 2 (OT1H absent vs. present) x 2 (Intervening Material
absent vs. present) design. Each item consisted of an introductory sentence, followed by
contrast1.

In the OT1H-cue condition, contrastl was overtly marked by OT1H; in the no-cue condi-
tion, contrast1 was left unmarked. In the Intervening Material-present condition (conditions (i)
and (ii) in (7)), OTTH contained a subordinate clause marked by because. This clause provided
a reason for the perspective presented in contrast1 and was on average 10 words in length. We
chose to manipulate presence of a single clause because it presents a discourse structural
change by introducing a new discourse dependency, but it only presents a moderate linguistic
interval.

(7)  Ronan is thinking about quitting his job at the supermarket after working there for five
years.

(i) On the one hand, he thinks he could get a more promising job at a multinational,

because he studied accounting in college. [+OT1H,+IM]

(ii) He thinks he could get a more promising job at a multinational, because he studied
accounting in college. [FOTI1H,+IM]
(iii) On the one hand, he thinks he could get a more promising job at a multinational.
[+OT1H,~IM|

(iv) He thinks he could get a more promising job at a multinational. [~OT1H,—IM)|

Note that 16 experimental items is a relatively small number of items for a 2 x 2 design. We
opted to present a larger sample of participants with a smaller number of items to address the
risk of repeated exposure effects: the OTTH and OTOH are quite heavy and salient in these
short prompts. It is possible that repeated exposure to items with OTOH will lead participants
to adapt to this marker, and thereby also adapt their expectations. Repeated exposure to a priori
unexpected structures (such as OTOH in the absence of OTTH or in the presence of intervening
material) can reduce or even completely diminish their processing disadvantage, thereby
obscuring the effect of interest (cf. Fine et al., ).

Procedure

The experiment was hosted on Lingoturk (Pusse et al., ) and distributed via Prolific. The
materials were divided into four lists, with the intervening condition being a between-
participant variable. Each participant saw one version of 8 experimental and 10 filler items.
They therefore only saw the marker OTTH four times throughout the experiment — this was
done to mitigate the risk of participants becoming aware of the study’s manipulation. Filler
items consisted of short stories similar to the experimental items, without contrast discourse
relations or any OTTH or OTOH markers. Each version of every item was completed by ten
or eleven people. Participation took 12 minutes on average.

Analysis Procedure

The continuations were manually annotated for the presence of contrast2 (i.e., whether the
content of the continuation provided a contrast with the OTTH clause) and an explicit marker
(i.e., whether a connective was used, and if so, which one). To determine whether the
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continuation presented contrast2, annotators were instructed to test whether the continuation
could be expressed using OTOH; if so, this would be a clear indication of contrast2’s presence
in the continuation. A random subset of 100 continuations (50 per condition) was double-
coded by a second, independent coder who was naive to the purpose of the current study.
The agreement between the coders was high: 96%, Cohen’s k¥ = 0.92.

The data were modeled using a Bayesian Bernoulli regression with a logit link, using the
brms package Biirkner ( ) in R. The response variable was whether consisted of a contras-
tive relation or not. The conditions for OTTH and Intervening Material (IM) were deviation-
coded (no OT1H, intervening present: both —0.5) and included as fixed effect along with their
interaction. Participants and items were specified in the models as random effects, along with
variance-covariance matrices. A regularizing LKJ(2) prior was specified on the random effects
correlation to ensure that extreme correlations are downweighted (Lewandowski et al., ).

We specified principled, weakly informative priors (N(0,0.75)). Four chains were run using
10,000 iterations, including 2,000 warm-up, to ensure proper convergence. Model diagnostics
were checked using trace plots and R-hat values, which all indicated satisfactory convergence,
with R-hat values below 1.01 for all parameters. We report posterior estimates and 95% cred-
ible intervals (CRI).

The Bayes factor quantifies the support for or against a model with the effect of interest over
another model without the effect of interest. provides a guideline for interpreting the
Bayes factor, following Lee and Wagenmakers ( ). An important feature of the Bayes factor
is that it is sensitive to the prior distribution of the effect of interest — mildly informative priors
can strongly bias the Bayes factor. Following state-of-the-art recommendations for Bayes factor
computation, we therefore computed the Bayes factor using bridge-sampling tools in brms for
three types of informative priors on the parameter representing the interaction term (an
approach similar to Mertzen et al., ): (1) a more informative prior N(0,0.50), (2) a wider
prior N(0,1.5), and (3) a directional, empirical prior N(0.5,0.5). The more informative prior

Table 1.  Guidelines for the interpretation of the Bayes factor. The order of 1 and 0 in BF;q
indicates that we look at support for Model 1 over Model 0.

Bayes factor (BF;() Interpretation

>100 Extreme evidence for M1
30-100 Very strong evidence for M1
10-30 Strong evidence for M1
3-10 Moderate evidence for M1
1-3 Anecdotal evidence for M1
1 No evidence

1/3-1 Anecdotal evidence for MO
1/10-1/3 Moderate evidence for MO
1/30-1/10 Strong evidence for MO
1/100-1/30 Very strong evidence for MO
>1/100 Extreme evidence for MO
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nocue OT1H-cue nocue OT1H-cue

Figure 1. Percentage of contrastive continuations per condition, Exp. 1.

N(0,0.50) would tell us the evidence for or against the effect under an a priori belief that the
effect size is relatively small. By contrast, the wider prior N(0,1.5) would yield evidence for or
against the effect under an a priori belief that the effect size can be larger. Both priors allow the
direction of the effect to be positive or negative. We also consider a directional prior that
matches the estimated range of effects. To derive the empirical priors, we obtained model fits
for data from an unpublished study using similar materials and experimental paradigm in
Dutch. This prior would tell us whether we have evidence for the interaction, assuming a priori
that the interaction is positive in sign.

Results

Figure 1 presents the percentage of contrastive continuations (with and without the partici-
pants” explicit usage of OTOH) per condition.

Proportion of Contrastive Continuations. Posterior distributions for the estimated parameters are
depicted in Figure 2; the model results are shown in the Appendix (Table AT). As expected, the
analysis indicated that the OT1H-cue condition yields more contrastive conditions than the
no-cue condition (,B =2.95,95% CRI = (2.18, 3.57)). There was no main effect of Intervening
Material (3 = 0.04, 95% CRI = (-0.51, 0.59)). We are specifically interested in the interaction
between intervening material and OT1H. Indeed, the analysis indicated that this interaction
effect is present (,[3 =0.78,95% CRI = (0.11, 1.44)). Model-based predictions reveal that when
OT1H is absent, the probability of a contrastive continuation is 28.6% in the Intervening
Absent condition and 36.1% in the Intervening Present condition. However, when OT1H is
present, this probability rises to 91.3% in the Intervening Absent condition but only to 87.4%
in the Intervening Present condition. This confirms that participants provide more contrastive

OT1H

Intervening Material

Interaction A

2 0 2 4

Figure 2. Posterior distributions for the comparisons between conditions, Exp. 1. The darker line
shows the median posterior effect estimate; the light gray area indicates the 95% credible interval.
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Figure 3.

Bayes Factor

1/3

110

Inconclusive evidence

Evidence for M1 /

Evidence for MO

Wider More informative Directional
Prior

Bayes factor results for Model 1 over Model 0, Exp. 1.

continuations following OT1H in both conditions, but the effect is slightly attenuated when
intervening material is present.

Bayes Factor Results. To quantify the evidence in favour of the interaction effect, we conducted
Bayes factor analyses. shows the results (BF;o) for Model 1 (including the interaction
term) and Model 0 (not including the interaction term). The Bayes factors showed moderate
evidence in favor of the interaction effect in the expected direction (wider: BF;¢ = 5.1; infor-
mative: BF;o = 4.6; directional: BF;o = 10.2): the effect of OT1H is slightly larger in the Inter-
vening Absent condition than in the Intervening Present condition.

Proportion of OTOH Usage. The proportion of continuations that contained the explicit marker
OTOH was not affected by presence of intervening material: OT1TH was followed by OTOH
specifically (rather than another contrastive connective such as but) in 58% of continuations in
the Intervening Absent condition and 57% in the Intervening Present condition.

Discussion Completion Study

Experiment 1 confirmed that OT1H elicits predictions of upcoming contrast: more contrastive
continuations were provided for items containing the OT1H-cue compared to those that did
not contain OT1TH. The results also showed an effect of presence of intervening material on the
facilitative effect of OTTH: the facilitative effect of OTTH was slightly weaker in the condition
with intervening content compared to the condition without intervening content (85% contras-
tive continuations in the absence of intervening material vs. 80% contrastive continuations in
the presence of intervening material).

In sum, the results from this offline continuation study indicate that comprehenders can use
the OTTH-cue to generate expectations of OTOH, and that the presence of intervening mate-
rial has a small effect on the maintenance of that expectation. Given that the materials were
presented in an offline paradigm and the participants therefore had the opportunity to reread
the materials and re-activate the prediction of OTOH. We further investigate the effect in
online measures (see Experiments 2—4 below).
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On the Persistence of Discourse Predictions Scholman, Rohde, Demberg

EXPERIMENT 2: SELF-PACED READING

This experiment aims to test whether the effect of intervening material in offline processing
replicates in online processing.

Participants

A total of 166 native speakers of English (age range 20-79 years; mean age 40 years; 120
female) participated in this experiment. Data from four participants were excluded because
they didn’t pass the comprehension question accuracy check. Participants were recruited
via Prolific and received 2.50 GBP for their participation.

Materials

As in Experiment 1, Experiment 2 was conducted in a 2 (OT1H-cue vs. no cue) x 2 (intervening
absent vs. present, between-participants) design. The experimental stimuli consisted of the 16
experimental items used in the story continuation experiment, now including an OTOH-marked
sentence whose content was intended to provide contrast2 (see (8)). The items were interspersed
with 96 filler items for an unrelated study focusing on causal and list relations. None of these
fillers contained contrastive discourse connectives or strong violations of expectations or
anomalies. The stimuli were counterbalanced across four lists, with each story appearing in
a different condition in each list. The participants were randomly assigned to one of the lists.

Procedure

Participants were recruited via Prolific, after which they were directed to a website hosted by
PC lbex (Schwarz & Zehr, ), where they completed the moving window self-paced read-
ing experiment. Items were initially displayed as a fixation cross. After pressing the space bar,
participants were presented with a series of horizontal lines; the length of the lines corre-
sponded to the length of the regions. By pressing the space bar on their keyboard, participants
revealed the next region of the item. ltems were presented non-cumulatively; when a new
region was revealed, the previous region was again replaced by lines.

OT1H and OTOH were always presented as individual chunks, as well as the two words
following OTOH. Moreover, OTOH never occurred as the first or final region of a line. Exam-
ple (8) illustrates the spatial configuration of target stimuli on the screen, with slashes demar-
cating region.

(8) Ronan is thinking about quitting his job / at the supermarket /
after working there / for five years. / He thinks he could / get a
more promising job / at a multinational, / because he studied
accounting / in college. / On the other hand, / he has / a good /
chance of becoming a manager / at the supermarket next year.

Once participants finished reading the item, they were presented with a verification state-
ment after 25% of all items — that is, participants answered a total of 28 verification statements.
Participants responded to the statement by pressing either ‘j’ for TRUE or ‘f’ for FALSE on their
keyboard and received immediate feedback on accuracy. Mean accuracy on the verification
statements was 89.5%.
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On the Persistence of Discourse Predictions Scholman, Rohde, Demberg

At two occasions during the experiment, participants were instructed to take a short break.
When they were ready to continue, participants clicked a “proceed” button at the bottom of
the screen. The entire study lasted on average 20 minutes.

Analysis Procedure

Prior to all analyses, extreme reading times longer than 5000 ms (2 cases) were removed. Out-
liers were removed by excluding reading times more than 2.5 times the standard deviation
from a participant’s mean in a region (2.6% of the data points).

Reading times were compared on two regions: On the other hand (the critical region) and
the two words following OTOH (the spillover region). The critical region is where a possible
facilitative effect of OT1TH is expected to be found: if readers anticipate OTOH based on
OT1H, reading times of OTOH should be faster in the OT1H present condition than in the
OTOH absent condition. We test whether this is dependent on the presence or absence of
intervening material: if intervening material diminishes the facilitative effect of OT1H, we
should see an interaction between OT1H and intervening material.

We fit Bayesian linear mixed-effects models with a lognormal family for each region sepa-
rately. The analysis procedure was similar to that of Experiment 1: the deviation-coded variables
for OTTH and for Intervening Material were included as fixed effect along with their interaction.
The model also included random intercepts and slopes for participants and items. A centered
covariate of trial order was included to account for any variance due to participants’ reading
times speeding up over the course of experiment. We specified principled, weakly informative
priors. Four chains were run using 10,000 iterations (including 2,000 warm-up).

We computed the Bayes factor for three types of informative priors on the parameter rep-
resenting the interaction term: (1) a more informative prior N(0,0.05), (2) a wider prior
N(0,0.1), and (3) a directional, empirical prior N(0.04, 0.02). To derive the empirical priors,
we obtained model fits for data from an unpublished study using similar materials and an iden-
tical experimental paradigm in Dutch.

Results

shows the reading times on the critical and spill-over region. Posterior distributions for
the estimated parameters are depicted in ; the model results are shown in the Appendix
( ). The analysis indicated that reading of OTOH was overall faster when OTTH was

present (8 = —0.03, 95% CRI = (—0.05, —0.01)), suggesting a facilitative (main) effect of OTTH
on OTOH. There was no main effect of intervening material (B =0.03, 95% CRI = (-0.05, 0.10)).
This was expected because in our design, when there was no OT1H cue present, there was no
potential interference effect that the intervening material could pose. Therefore, we are specif-
ically interested in the interaction between intervening material and OT1H. Indeed, the analysis

Intervening absent Intervening present
__600
[
E
g 5504 Condition
= — nocue
2
5 5004 -- OT1H-cue
@
o}
o

OTOH spillover OTOH spillover

Region

Figure 4. Mean reading times and error bars (SE) per region and condition, Exp. 2.
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Figure 5.
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Posterior distributions for the comparisons between conditions, Exp. 2. The darker line shows the median posterior effect estimate;

the light gray area indicates the 95% credible interval.

indicated that this interaction effect is present at the target region (8 = 0.04, 95% CRI = (0.00,
0.08)): when intervening material was absent, OT1H facilitated the processing of OTOH (fol-
low-up model: 8= —0.05, 95% CRI = (—0.09, —0.02)), but when intervening material was present,
there was no facilitative effect of OT1H (follow-up model: B = —0.01, 95% CRI = (-0.03, 0.02)).

The results on the spillover region indicated no differences between any of the conditions;
as is shown in , the main effects as well as the interaction were centered around zero.

Bayes Factor Results. To quantify the evidence in favour of the interaction effect on the target
region, we conducted Bayes factor analyses. shows the results (BF;o) for Model 1
(including the interaction term) and Model 0 (not including the interaction term), separately
for the target OTOH and spillover region. The Bayes factors showed moderate to strong evi-
dence in favor of the interaction effect on the target OTOH region in the expected direction
(wider: BFo = 4.1; informative: BF,o = 4.6; directional: BF;5 = 12.8): OTOH was read faster
after OTTH, but only when intervening material was absent. For the spillover region, the Bayes
factors showed anecdotal to moderate evidence for Model 0 (wider: BF;o = 0.36; informative:
BF,o = 0.18; directional: BF,o = 0.73), which did not contain the interaction effect.

Discussion Experiment 2

This study investigated whether the facilitative effect of OT1H on the processing of OTOH
would persist or be diminished across intervening material. A Bayes factor analysis provided

15
10
Evidegce for
5§ S
[%)
8
g
g -
1/3 ! [‘99.".‘2“?'_"_‘1 ?_)’!g‘:iﬂ?? ______________ o e
Evidence forM0 ~ =~~~ g-~
110
Wider Informative Directional
Prior

—l— Targetregion — M- Spillover region

Figure 6. Bayes factor results for Model 1 over Model O per region, Exp. 2.
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moderate to strong evidence that OTTH does facilitate the immediate processing of OTOH,
but only in the absence of intervening material. In the presence of intervening material, the
effect of OTTH is reduced, which indicates that the expectation elicited by OT1H has
decayed due to the intervening material and is substantially weakened or lost at the point
of encountering OTOH. These results therefore provide support for a memory-based account
of language processing.

Before we can fully conclude that intervening material affects the facilitative effect of a dis-
course cue, we need to consider the possibility that the coarse-grained nature of self-paced
reading data could influence the results. Perhaps more fine-grained reading time measures,
as can be obtained with eye-tracking, could show an effect of OTTH on OTOH in the pres-
ence of intervening material. To further explore this, Experiment 3 was designed to comple-
ment the results from the self-paced reading study by investigating the effect of OT1H in an
eye-tracking study.

If the finding in Experiment 2 of a lack of effect of OT1H in the presence of intervening
material reflects a lack of sensitivity in our measure, then Experiment 3 may reveal that com-
prehenders can maintain predictions for OTOH across intervening material. If the Experiment
2 finding reflects a true deterioration of the prediction across intervening material, then a sim-
ilar smaller effect of the OT1H-cue on OTOH in the presence of intervening material is
expected in Experiment 3, showing the robustness of the patterns found in Experiment 2 even
with a more sensitive measure.

EXPERIMENT 3: EYE-TRACKING STUDY

An eye-tracking study was conducted to further investigate the effect of the presence of the
marker OT1H on the processing of OTOH, in the presence of an intervening because-clause
with a more precise method compared to SPR.

Participants

A total of 90 native speakers of English (age range 18-36 years; mean age 22 years; 32 female,
1 non-binary)” participated in this experiment. Participants were recruited from the University
of Edinburgh and Saarland University communities and received monetary compensation for
their participation. All participants had normal or corrected-to-normal vision. Data from ten
participants could not be used due to problems with the eye-tracker; data from one participant
were removed due to low accuracy on the verification statements. These data were removed
before analysis. The final data file consists of data from 79 participants.

Materials

The experiment was conducted in a 2 (OTTH-cue vs. no cue) x 2 (intervening absent vs.
present) within-participants design. The experimental stimuli consisted of the same items
used in Experiment 2. The items were interspersed with 84 filler items for an unrelated study
focusing on the processing of causal relations, and for an unrelated study focusing on the
processing of at-issueness. None of these fillers contained the discourse markers OT1TH
and OTOH, or strong anomalies.

2 Due to a technical error, demographic information of 31 participants is unavailable.
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The stimuli were counterbalanced across four lists, with each story appearing in a different
condition in each list. The participants were randomly assigned to one of the lists. Items
appeared in a fixed, pseudo-randomized order within lists”.

Procedure

Participants were tested individually. They were seated at a distance of approximately 60 cm
from the monitor and rested their head on a chin-rest. Eye movements were recorded with
SR Research Eyelink 1000 at a sampling rate of 500 Hz. Half-way through the experiment,
participants had a short break and completed two other tasks. Upon finishing these tasks,
participants returned to the monitor, were recalibrated, and finished the eye tracking exper-
iment. The experiment lasted approximately 50 minutes.

Each session started with an oral instruction, after which the eye-tracker was adjusted if nec-
essary. A 9-point calibration procedure was then performed. Upon successful calibration, the
experiment started with two practice trials. The participant was instructed to read the passage at
a natural pace and press the space bar after reading the entire story. Before presentation, a fixation
mark appeared at the position of the first word of the first sentence. Participants were instructed to
fixate this mark, after which the story appeared. The stories were presented in their entirety on the
screen. The critical region (“On the other hand,”) never appeared at the beginning or end of a line.
A verification statement about the story followed 25% of the items to ensure that the participants
read the passages carefully. Participants indicated whether the statement was correct or incorrect
by pressing a button on a keyboard. Mean accuracy on the verification statements was 92%.

Analysis Procedure

For analysis purposes the items were divided into three regions of interest, as illustrated in (9):
9) (...) / in COlIegepr&critical/ On the other hand/ criticalregion/ he has spil/over/ (..

Three reading time measures were computed: first pass duration, regression path duration
and total reading time. First pass duration is the time spent in a region before moving on or
looking back. This measure reflects the immediate processing difficulties a reader has when
reading a region for the first time (Rayner, ). Regression path duration is the summed fix-
ation duration from when the current region is first fixated until the eyes enter the next region
on the right. This measure thus includes regressions to regions to the left of the current region.
Regression path duration can be seen as reflecting the process of integrating the linguistic
material with the previous context (Rayner, ). Total reading time is the total time spent
in a region, including regressions to that region.

Prior to all analyses, skipped regions were treated as missing data. In all reading time mea-
sures, fixations shorter than 80 ms were removed. Outliers were removed by excluding read-
ing times more than 2.5 standard deviations from the participant’s mean in a region (2.2% of
the data points for the first pass duration, 4.1% for the regression path duration, and 2.3% for
the total reading time duration).

We fit Bayesian linear mixed-effects models for each region and measure separately, using a
similar approach as in Experiment 2. The variables for OTTH and for Intervening Material were

3 This differed from the other studies, in which items were presented in a random order. The change in this
study was done to accommodate the unrelated studies that functioned as filler items for the current study. Trial
order is included in all models in all experiments as covariate, thus accounting for any variance.
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Figure 7. Mean reading times and error bars (SE) per measure, condition and region, Exp. 3. IM = intervening material.
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deviation-coded and included as fixed effects along with their interaction. Participants and items
were specified in the models as random effects, along with variance-covariance matrices. A cen-
tered covariate of trial order was included. We specified principled, weakly informative priors.

We computed the Bayes factor for two types of priors on the parameter representing the inter-
action effect: (1) a more informative prior N(0,0.05), and (2) a wider prior N(0,0.1). We also
derived empirical, directional priors from the model fit reported in Experiment 2. Since Exp. 2
presented SPR data rather than eye-tracking data and only the target region and the spillover
region, we restrict directional analyses to only these regions and to total fixation durations,
which more closely approximate self-paced reading data (following Mertzen et al., ).

Results

shows the reading times per region and measure. Posterior distributions for the estimated

parameters are depicted in ; the model results are shown in the Appendix ( ).

The analysis indicated that the durations of all three reading measures on the target OTOH
region were shorter when OT1H is present, suggesting a facilitative main effect of OTTH on
OTOH (first pass: B = —0.04, 95% CRI = (=0.09, 0.00); regression path: 8 = —0.08, 95% CRI =
(-0.13, —0.03); total fixation: B = —0.09, 95% CRI = (—0.14, —0.04)). We also found a main
effect of intervening material in the first pass duration: reading times on the target region were
shorter when no intervening material was present (8 = —0.04, 95% CRI = (—0.08, 0.00)). The
95% CRI for these measures on the target region did not include 0. Crucially, we also observed
an interaction effect on the target region in the regression path duration: the facilitative effect of
OT1H on OTOH was smaller in the presence of intervening material (3 = —0.09, 95% CRI =
(=0.20, 0.01)). However, the 95% CRI for this effect did include 0. Bayes factor analyses will
allow us to quantify the support for or against this effect.

The results on the precritical region indicated that first pass durations were shorter in the
presence of OTTH ([3 = —0.06, 95% CRI = (=0.11, —0.01)). However, in the regression path
duration, the direction of the effect appeared to be reversed (8 = 0.05, 95% CRI = (—0.02,
0.11)), suggesting longer reading times on the precritical region. Note that, again, the 95%
CRI for the regression path measure included 0. Crucially, the results showed no strong indi-
cation of an interaction effect on the precritical region.

The results on the spillover region indicated no differences between any of the conditions;
as is shown in , the main effects and interaction effect were centered around zero, with
the exception of the intervening material effect in the total fixation duration (8 = 0.05, 95%

CRI = (=0.01, 0.10)). Zero was included in the 95% interval.
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Figure 8. Posterior distributions for the comparisons between conditions, Exp. 3. The dark line
shows the median posterior effect estimate; the light gray area indicates the 95% credible interval.

Bayes Factor Results. To quantify the evidence in favour of or against the interaction effect, we
conducted Bayes factor analyses. Figure 9 shows the results (BF;) for Model 1 (including the
term for the interaction) and Model 0 (not including the term for the interaction), separately for

the three measures and the precritical, critical and spillover region.

The Bayes factors showed anecdotal evidence in favor of an interaction effect on OTOH in
the regression path duration (wider prior BF;o = 1.43, more informative prior: BF;o = 1.41).

In other words, these results indicate that intervening material might diminish a facilitative
effect of OTTH on OTOH, specifically in the regression path duration. The other Bayes factors

all either showed no evidence or anecdotal evidence against an interaction effect.

Discussion Experiment 3

Experiment 3 was designed to test whether the facilitative effect of OT1H on processing of

OTOH diminishes in the presence of intervening material, as the results from Experiment 2

b) Target region

c) Spillover region
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110 110 1/104
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—— First pass duration — M~ Regression path duration - -

@ - - Total fixation duration

Figure 9. Bayes factor results for Model 1 over Model O per measure and region, Exp. 3.
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indicated. The results from Experiment 3 indicated a main effect of OT1H facilitating the pro-
cessing of OTOH. Further, the results showed anecdotal evidence that the facilitative effect
might be diminished in the presence of intervening material, specifically in the regression path
duration. However, the Bayes factors were not strong enough to be able to conclusively accept
or reject this hypothesis.

Relating these results to the findings in Experiment 2, we can conclude that both support a
main effect of OTTH on the processing of OTOH. This effect disappears in the presence of
intervening material in Experiment 2’s self-paced reading paradigm, and appears to be
reduced in Experiment 3’s eye-tracking paradigm. However, the results of this study do not
allow us to draw any strong conclusions regarding how intervening materials affect discourse
predictions in natural reading. We therefore zoom in on the effect of interest (i.e., the effect of
OT1H presence/absence in the presence of intervening material) in a follow-up eye-tracking
study. We test the same number of participants in a simpler design with 2 conditions (com-
pared to the 2 x 2 design of Experiment 3), thus allowing us to preserve more power.

EXPERIMENT 4: EYE-TRACKING STUDY, 2 CONDITIONS

The present eye-tracking experiment only uses two conditions (OT1TH present vs. absent, in the
presence of intervening material), to test whether the main effect of OT1H, which we have reli-
ably found in experiments 2 and 3, can be found in a well-powered study with intervening mate-
rial, or whether this main effect was always driven by the no-intervening-material condition.

If we find a Bayes factor substantially greater than 1 in this study, the evidence would favor
the hypothesis that there is a facilitative effect of OTTH in the presence of intervening material.
This would indicate that intervening material does not deteriorate the pre-activation of OTOH,
thus supporting expectation-based accounts. A Bayes factor lower than 1 would indicate that
the evidence favors the null hypothesis. This would indicate that intervening material does
deteriorate the pre-activation of OTOH, thus supporting memory-based accounts. Finally, if
we find a Bayes factor equal or very close to 1, we would find equal evidence for both hypoth-
eses. This would indicate that we do not find clear evidence supporting a facilitative effect of
OT1H in the presence of intervening material. In the context of the current study, such a result
would thus support at least a slight deterioration of the pre-activation, which can be taken as
support for memory-based models of processing.

Participants

A total of 80 native speakers of English (age range 18-41 years; mean age 20 years; 63 female)
participated in this experiment. Participants were recruited from the Lancaster University com-
munity and received course credit or monetary compensation for their participation. All par-
ticipants had normal or corrected-to-normal vision. Data from 4 participants could not be used
due to problems with the eye-tracker. These data were removed before analysis.

Materials

The experimental stimuli consisted of the 16 experimental items with the intervening clause
present, with the critical condition being the presence or absence of the OT1H-cue. The same
96 filler items used in Exp. 2 were included in this study. The stimuli were counterbalanced
across two lists, with each story appearing in a different condition in each list. The participants
were randomly assigned to one of the lists.
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Procedure

The procedure was identical to that of Experiment 3. Mean accuracy on the verification state-
ments was 87.5%. Prior to all analyses, skipped regions were treated as missing data. In all
reading time measures, fixations shorter than 80 ms were removed. Outliers were removed by
excluding reading times more than 2.5 standard deviations from the participant’s mean in a
region (2.0% of the data points for the first pass duration, 3.3% for the regression path duration,
and 2.7% for the total reading time duration).

We fit Bayesian linear mixed-effects models for each region and measure separately. The
variable for OT1TH was deviation-coded (no OTT1H: —0.5) and included as fixed effect. Partic-
ipants and items were specified in the models as random effects, along with variance-
covariance matrices. A centered covariate of trial order was included. We specified principled,
weakly informative priors.

To calculate the Bayes factors, we used empirical priors derived from Experiment 3. We
computed the Bayes factor for three types of priors on the parameter representing the condi-
tion: (1) a more informative prior N(0,0.05), (2) a wider prior N(0,0.1), and (3) a directional,
empirical prior that differed per reading time measure (first pass duration: N(—0.03,0.05),
regression path duration: N(—0.09,0.06), total fixation duration: N(—=0.005,0.05)).

Results

shows the reading times per region and measure. Posterior distributions for the
estimated parameters are depicted in ; the model results are shown in the Appendix
( ). The analysis indicated that regression path durations and total fixation durations
on OTOH were shorter when OT1H was present (regression path: g = —0.04, 95% CRI =
(—0.09, 0.01); total fixation: [3 = —0.04, 95% CRI = (-0.10, 0.01)). However, the 95% CRI
for both of these measures included 0 (see also ), meaning there is a chance that a
difference in reading times in the presence and absence of OTTH is non-existent.

The results on the precritical region indicated that regression path durations of the two

words preceding OTOH were shorter in the presence of OTTH (3 = —0.05, 95% CRI =
(—=0.11, 0.02)). However, in the first pass duration, the direction of the effect appeared to be

reversed, suggesting longer reading times on the precritical region (3 = 0.03, 95% CRI =
(—0.04, 0.09)). Note that, again, the 95% CRI for both of these measures included 0. The Bayes
factor analyses will quantify the support for or against these observations.

The results on the spillover region indicated no differences between any of the conditions;

as is shown in and , the main effects were centered around zero.
First pass duration Regression path duration Total fixation duration

@B 4504
5450
g 400 Cond|t|0n
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Figure 10. Mean reading times and error bars (SE) per measure, condition and region, Exp. 4.
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Precritical region, First pass duration Target region, First pass duration Spillover region, First pass duration
OTIH OTIH OTIH
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Figure 11. Posterior distributions for the comparisons between conditions, Exp. 4. The dark line shows the median posterior effect estimate;
the light gray area indicates the 95% credible interval.

a) Precritical region

Bayes Factor Results. To quantify the evidence in favour of or against the effect of OTTH, we
conducted Bayes factor analyses. Figure 12 shows the results (BF;() for Model 1 (including the
term for condition) and Model 0 (not including the term for condition), separately for the three
regions and measures. At the precritical region, the Bayes factors showed either no evidence or
anecdotal evidence against a facilitative effect of OT1H.

At the target region, the Bayes factor analysis for total fixation duration based on a direc-
tional prior (in favour of a facilitating effect of OT1H) was BF;o = 1.65. When using more
neutral priors, the Bayes factor did not exceed 1 (wider prior: BF;5 = 0.91; more informative
prior: BF; = 0.73), suggesting that the effect is sensitive to prior assumptions and that the evi-
dence provided by our data is compatible with an account in which intervening material dete-
riorates the facilitative effect of OTTH.

Further, the Bayes factor analysis showed anecdotal to moderate evidence against a
facilitative effect of OT1TH in the first pass duration (wider: BF;5 = 0.45, more informative:
BFio = 0.97, directional: BF;o = 0.73). Finally, in the spillover region, the Bayes factor

b) Target region c) Spillover region
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Figure 12. Bayes factor results for Model 1 over Model 0 per measure and region, Exp. 4.
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analysis showed either no evidence or anecdotal to moderate evidence against a facilita-
tive effect of OTTH in all measures (wider: BF;5 = 0.42, more informative: BF;, = 0.70,
directional: BF;5 = 0.78).

Discussion Experiment 4

Overall, the results of Experiment 4 do not provide supporting evidence for a facilitative effect
of OTTH in the presence of intervening material on reading times. The Bayes factor analyses
show only very weak support in a few cases with directional priors and often favor the null
hypothesis: No facilitation effect across intervening material.

These results are in line with findings from the previous experiments: Experiment 2 showed
a main effect of OTTH on OTOH as well as an interaction between the effect of OTTH and
intervening material, which indicated that the facilitating effect of OT1H was not present in the
conditions with intervening materials. Experiment 3 also found a main effect of OT1H, but
there was only anecdotal evidence for the interaction with intervening material, motivating
our more well-powered experiment 4. With 80 participants in a two-condition design, this
study should have been able to detect a facilitation effect of OT1TH, if such an effect exists.
Taken together, these findings support the idea that the facilitative effect of OTTH is absent or
much reduced when intervening material is present.

GENERAL DISCUSSION AND CONCLUSION

The current study aimed to investigate whether comprehenders can maintain predictions of
upcoming dependencies at the discourse level in the presence of intervening material. We
manipulated the distance between the markers On the one hand and On the other hand, mark-
ing contrast1 and contrast2 respectively, by including an additional clause marked by because,
presenting a reason for contrast1. The results of an offline continuation study showed that the
marker OTOH was generally expected after an OT1H-marked contrast1, but that intervening
material lead to a small reduction in contrastive completions. The results of a self-paced read-
ing study indicated that intervening material had a stronger effect on online anticipations:
OTOH was read faster when it was preceded by OT1H, but only when no intervening material
was present between contrast1 and contrast2. To eliminate the possibility that this effect could
be attributed to the coarse-grained nature of the self-paced reading paradigm, which could
mask a possible effect during immediate processing or content integration, we conducted
two follow-up eye-tracking experiments. Experiment 3 showed a clear facilitating main effect
of OT1H on OTOH, and anecdotal evidence for an interaction, according to which that effect
is reduced when intervening material is present. Experiment 4 found that the data do not sup-
port a facilitation of OTTH on OTOH when intervening material is present.

In sum, earlier studies (Scholman et al., ; Schwab & Liu, ), as well as Experiments
2 and 3 (Exp. 4 cannot speak to this), did show a facilitated processing of the second marker
when it was preceded by the first marker in the absence of intervening material, and we cannot
find conclusive evidence for such an effect in conditions in which intervening material is present
(Experiments 2 and 4; Experiment 3 shows a marginal effect). We therefore interpret the results as
suggesting that the facilitative effects of a discourse cue do not persist across intervening distance
between OT1H and OTOH (particularly in the first pass duration measure, which reflects early
processing), or that those effects become so small that they are difficult to detect (in the regres-
sion path duration and total fixation duration, which reflect integration).

The evidence presented in the current study is therefore in line with evidence from the
decay and interference literature, as well as the locality effect literature. It remains an open

OPEN MIND: Discoveries in Cognitive Science 597

wdo /Z9TT 0T /10p /4pd -2 |9 114e / Wdo /Npd * 3 W "398 1p //:d 13y wWo iy papeo jumoq

wdo /€¥9TgSe /€0200 €

920z 8unf 9T uo JIasn I3vL ISHIA NN ANV TRIVWS Ag ipd "€0200 ©



On the Persistence of Discourse Predictions Scholman, Rohde, Demberg

question what underlying factor can explain the diminished facilitative effect of OTTH in the
presence of intervening material. One possibility is that the intervening material causes decay
of the anticipation, simply because the distance between the pair of markers is increased (i.e.,
the anticipation is affected by temporal interference). Another option is that the content of the
intervening material gives rise to new, competing expectations of upcoming discourse, which
interfere with the original expectation of contrast and distract the comprehender (i.e., the
anticipation is affected by linguistic interference). It is also possible that neither decay nor
interference can explain the current results. It might be that linguistic prediction is disengaged
when it is less beneficial or more costly to maintain (see also Martin et al., ). For example,
Wilotko and Federmeier ( ) found a lack of prediction-related effects on the N400 when
the rate of incoming words during sentence reading was very high, suggesting that individuals
did not engage the same mechanisms as when the rate was slower. In the current study, the
prediction of OTOH might have been less beneficial to maintain once the reader encountered
an intervening clause, and the reader may thus have reduced the activation of no longer rel-
evant material (the OTTH cue).

Our results cannot distinguish between the decay versus interference explanations since, in
our design, the intervening material always consisted of a subordinate clause with ten words
marked by because. Follow-up studies could focus on the distinction between decay and inter-
ference with respect to discourse predictions. For example, one could vary the length of the
intervening clause (five words versus ten words), the type of intervening clause (full sentence
versus subordinate clause), the type of discourse content (a causal relation versus a more com-
plex concessive relation), or the type of semantic content (non-sensical strings versus a normal
clause). One could also manipulate the content of the intervening material to interfere with the
retrieval of the original OT1H more or less strongly, for example, by comparing an intervening
sentence that strengthens the prediction of a contrast relation (e.g., a sentence signaling con-
trast, such as This is only one option) to a sentence that generates other, competing discourse
predictions (e.g., a sentence with an implicit causality verb, which gives rise to causal
expectations).

Our findings shed new light on the earlier findings that comprehenders can build and
maintain discourse predictions over multi-sentence passages. Scholman et al. ( ) tested
integration of contrast? after a plausibly expectation-satisfying contrast had been provided in
intervening material, and found that readers were affected by this material. In other words,
the results indicated that readers had integrated the intervening material with the contrast
dependency, and surprisal affected processing when they encountered OTOH and realized
that the contrast dependency expectation was, in fact, not yet satisfied. Such surprisal did not
occur when the intervening material did not provide a plausible contrast. Crucially, that
result suggests that readers were able to generate predictions of discourse dependencies dur-
ing online processing, and maintain these predictions across intervening material. However,
Scholman et al. ( ) did not test the prediction of discourse markers by manipulating
presence/absence of OT1H, and so that study cannot speak to expectation-driven effects spe-
cifically (but rather to discourse-building effects). The results from the current study do speak
to such effects, and suggest that intervening material affects discourse predictions.

How, then, can these findings be integrated into a plausible account of discourse process-
ing and expectations? Perhaps the predictions that comprehenders made in the two studies
function on different levels: one involving the generation of discourse structural dependencies,
and one involving the generation of lexical predictions. Scholman et al. ( ) tested the pre-
diction of a discourse dependency, with intervening material either satisfying the prediction or
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not. In contrast, the current study tested the facilitative effect of OTTH on the processing of a
specific lexical marker (OTOH) in the presence of intervening material. It is possible that the
generation of an upcoming contrast dependency was generated and maintained in the current
study, but the prediction of the specific lexical marker of this dependency deteriorated. Scholman
etal. ( ) thus found evidence for robust expectations of discourse dependencies, while the
current study showed that predictions of upcoming markers are present, but are less persistent
than dependency expectations.

Such an interpretation of the findings of both studies would converge with evidence from the
field of structural (syntactic) priming. Structural priming effects have been found in paradigms
where participants listen to or read a prime sentence, such as a picture description, and subse-
quently produce a target sentence, oftentimes describing a different picture with a given verb.
For example, participants might be presented with material that biases them toward producing a
double object (DO: Amanda gave Mick a box.) or a prepositional object (PO: Amanda gave a
box to Mick.) construction. Subsequently, participants are asked to produce target sentences
that allow completion as either a DO or PO construction (Emma sent..). Participants are
shown to favor the reuse of the syntactic structure of the prime sentence in their production
of a target sentence. In addition to this established structural priming effect, previous work
has also suggested the existence of a lexical boost effect (Pickering & Branigan, ), which
occurs when the verb is repeated between the prime sentence and the target sentence. In
such cases, the structural priming effects tend to be larger. There is evidence that the struc-
tural priming effect can (but does not always) persist over several intervening sentences
(Branigan et al., , ; Bock & Giriffin, ; Hartsuiker et al., ). However, the
lexical boost effect decays much more rapidly (Hartsuiker et al., ). The difference
between the durations of the effects suggests that they operate on different levels: syntactic
structure primes are more persistent than lexical primes. Drawing an analogy between these
results and the current study, it is possible that the effect of OT1H on the processing of OTOH
is of a lexical and fleeting nature, while the effect of type of intervening material on discourse
predictions (as tested in Scholman et al., ) is of a structural and persistent nature.

Alternatively, we have to consider the possibility that the facilitative effect of OTTH on
OTOH is not an effect of prediction at all, but rather of retrieval of the OTTH cue. In other
words, it is not the expectation of OTOH that deteriorated, but rather the trace of OT1TH that
was difficult to retrieve from memory (owing to decay or interference). In this case, the results
should be interpreted as reflecting a “backward-looking” cost (i.e., the cost of retrieving and
integrating previously processed OT1H with the incoming OTOH) rather than a “forward-
looking cost” (i.e., the cost of updating predictions that are incompatible with the current
material being processed) (Demberg & Keller, ). The results of the current study do not
provide clear evidence on which phenomenon is exactly at play, although recent accounts
argue that prediction and retrieval are, in fact, functionally the same (see also Ferreira &
Chantavarin, ; Huettig et al., ; Schoknecht et al., ).

For future research, it would be interesting to explore to what extent the effect of OT1H as a
signal and the effect of the intervening material are affected by the characteristics of the indi-
vidual reader. Comprehension of connectives and sensitivity to relational markers are

4 The structural priming and lexical boost effects do, of course, relate to different linguistic mechanisms (syn-
tax and production) than the phenomenon under investigation in the current study (discourse and comprehen-
sion). Moreover, the structural priming and lexical boost effects are different in nature to prediction effects, since
the prime is not taken to lead to predictions that the structure will come again; that is, there is not necessarily
any top-down predictive activation, but only a bottom-up integration effect in priming.
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associated with various potentially influencing factors at the individual level, most notably lin-
guistic experience. For example, prior work has shown that linguistic experience is relevant for
connective comprehension (Scholman et al., ; Wetzel et al., ; Zufferey & Gygax,

) as well as sensitivity to relational signals (Scholman et al., ). Similarly, the effect of
intervening material in dependency locality studies has been shown to vary between compre-
henders, with working memory capacity being a relevant factor (Nicenboim et al., ,

). Therefore, it is likely that the facilitative effect of OT1H and the disruptive effect of
the intervening material on the processing of OTOH differ between comprehenders, depend-
ing on various reader characteristics such as their sensitivity to the statistical correlation
between OTTH and OTOH and their cognitive capacities.

In sum, the current study provided more insight into the robustness of predictions by study-
ing how the facilitative effect of the discourse marker OTTH on the processing of OTOH is
affected by the presence of intervening material. Our results add to evidence that comprehen-
ders do generate discourse expectations at the discourse level, contrary to an account in which
discourse expectation maintenance could be considered ineffective due to the extensive flex-
ibility and optionality at play at the discourse level. However, and crucially, the current work
indicates that discourse expectations deteriorate rapidly across an intervening clause during
real-time processing. This supports memory-based models of processing, suggesting that dis-
course processing becomes more difficult with additional material.
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APPENDIX

Table A1. Coefficients from Bayesian mixed-effects model for the effects of the conditions, Exp. 1.

Posterior /3 CRI low. CRI up.
Intercept 0.71 0.27 1.18
OT1H 2.95 2.18 3.57
Intervening Material 0.04 —0.51 0.59
Interaction 0.78 0.1 1.44

Table A2. Coefficients from Bayesian mixed-effects model for the effects of conditions for each

region, Exp. 2.
Target Spillover
Posterior § CRIl low. CRl up. Posterior 3 CRI low. CRI up.
(Intercept) 6.30 6.26 6.32 6.12 6.08 6.15
Trial order 0.00 0.00 0.00 0.00 0.00 0.00
OT1H —-0.03 —-0.05 —-0.01 0.01 —-0.01 0.03
Intervening material 0.03 —0.05 0.10 —-0.02 —0.08 0.05
Interaction 0.04 0.00 0.08 —-0.01 -0.04 0.02
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Table A3. Coefficients from Bayesian mixed-effects model for the effect of condition for each region and each measure, Exp. 3.

Precritical Target Spillover
Post. B CRI low. CRI up. Post. B CRI low. CRI up. Post. B CRI low. CRI up.
First pass duration

(Intercept) 5.64 5.49 5.79 5.71 5.63 5.81 5.34 5.22 5.46
Trial order —-0.10 -0.24 0.04 —-0.08 —-0.15 —-0.01 —-0.03 -0.14 0.09
OT1H —-0.06 —-0.11 —0.01 —-0.04 —-0.09 0.00 0.00 -0.04 0.04
IM —-0.02 —-0.07 0.02 —-0.04 —-0.08 0.00 0.02 —-0.02 0.06
Interaction 0.00 —-0.11 0.12 —-0.03 -0.13 0.07 0.00 -0.11 0.10

Regression path duration

(Intercept) 5.87 5.70 6.03 5.89 5.78 6.03 5.37 5.25 5.49
Trial order —-0.09 —-0.25 0.07 -0.10 —-0.20 —-0.01 —-0.01 -0.12 0.10
OT1H 0.05 —-0.02 0.11 —0.08 -0.13 —-0.03 —-0.01 —-0.06 0.03
IM —-0.07 -0.13 0.00 —-0.03 —-0.08 0.02 0.01 -0.03 0.06
Interaction 0.07 -0.13 0.00 —-0.09 —-0.20 0.01 0.01 —-0.10 0.12

Total fixation duration

(Intercept) 5.91 5.74 6.08 6.05 5.94 6.16 5.56 5.40 5.72
Trial order -0.18 -0.35 —-0.02 -0.15 -0.24 —0.05 —-0.06 -0.22 0.09
OT1H -0.02 —-0.07 0.04 —-0.09 -0.14 —-0.04 0.00 -0.05 0.05
IM —-0.02 —-0.07 0.04 0.02 -0.03 0.07 0.05 -0.01 0.10
Interaction 0.04 —0.08 0.16 —-0.05 -0.16 0.06 -0.05 -0.18 0.07
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Table A4. Coefficients from Bayesian mixed-effects model for the effect of condition for each region and each measure, Exp. 4.

Precritical Target Spillover
Post. B CRI low. CRI up. Post. B CRI low. CRI up. Post. B CRI low. CRI up.
First pass duration

(Intercept) 5.63 5.54 5.72 5.91 5.84 5.97 5.46 5.37 5.54
Trial order 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OT1H 0.03 —-0.04 0.09 —0.01 -0.07 0.05 0.02 -0.04 0.08

Regression path duration

(Intercept) 5.93 5.83 6.04 5.89 5.91 6.06 5.48 5.39 5.57
Trial order 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OT1H —-0.05 —-0.11 0.02 —0.04 —0.09 0.01 0.02 —0.04 0.08

Total fixation duration

(Intercept) 5.82 5.72 5.93 6.03 5.85 6.10 5.54 5.44 5.63
Trial order 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
OT1H —-0.03 —-0.09 0.03 —0.04 —-0.10 0.01 0.01 —0.05 0.07
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