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Abstract

Line breaks are ubiquitous in continuous text, as in this article. Despite this prevalence, their
effects on parsing and interpretation have been markedly understudied in previous research
on written language processing. To shed light on these effects, we conducted a self-paced
reading and an eye-tracking study in which participants read multiline texts that contained
direct object—subject ambiguity, a type of temporary clause boundary ambiguity. Within
these texts, we manipulated the placement of line breaks so that they either regularly
coincided or clashed with clause boundaries. We hypothesised that this manipulation would
cause readers to adjust their parsing strategies and interpretative commitments. Results
revealed that the way in which text is segmented through line breaks can significantly affect
how readers parse syntactically ambiguous structures. While coinciding line breaks and
clause boundaries helped readers arrive at the correct analysis of the ambiguous structures,
cases of line break and clause boundary clash led readers down the garden path during online
processing, and in some cases also impacted their comprehension. Findings are discussed in
terms of their implications for the importance of text segmentation in real-world settings,
such as books, educational material and digital content.
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1. Introduction

An integral feature of continuous text is that it is segmented into distinct lines. This
formal property of text and the influence it may have on linguistic analysis have
remained severely understudied. This is partly because most prior research has
focused on manipulations of textual content rather than form and partly because
short sentential stimuli have been preferred over multiline text.
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To address this gap, the present studies shed light on the effects of text segmentation.
We manipulated whether line breaks coincided or clashed with clause boundaries
within multiline texts that contained direct object—subject ambiguity, a well-studied
type of local/temporary clause boundary ambiguity (e.g. Christianson et al,, 2001;
Frazier & Rayner, 1982; Mitchell, 1987; Staub, 2007). Our aim was to examine whether
readers consider this formal textual feature to adjust their parsing strategies and
interpretative commitments. We regard this work as an important step towards
understanding whether nonlinguistic properties of text are irrelevant for parsing or
whether they play a role in determining syntactic-prosodic analysis decisions.
Throughout this article, we refer to ‘syntactic-prosodic” analysis because we assume
correspondence constraints, which often — but not always — result in alignment
between syntactic and prosodic boundaries (see Cole, 2015 for a review).

1.1. Line break cue and implicit prosody

The ways in which means of text segmentation, such as line breaks, can affect parsing
and interpretation have received little attention in previous research. In fact, line
breaks and other visuospatial segmentation manipulations (e.g. phrase-by-phrase
reading) were originally disregarded in the broader sentence processing literature and
in syntactic ambiguity research more specifically. They were treated as ‘extraneous
factors’ (Rayner et al., 1989, p. SI37) that bias readers against their ‘own better
judgement’ (Fodor, 1989, p. SI166). Accordingly, any effects that could have been
induced by line breaks or other segmentation means (e.g. as in Ferreira & Clifton,
1986; Mitchell, 1987; Rayner & Frazier, 1987) were in later work criticised as
accidental and artificial (e.g. Adams et al., 1998; Trueswell et al., 1994). Since then,
it has become the norm to avoid splitting text into different lines, or in cases where
that has not been possible, to conduct further experiments to rule out confounding
segmentation effects (e.g. Sturt et al., 2002).

However, some have considered line breaks to be relevant for the parser, arguing
that they ‘are interpreted by subjects as signals for potential clause endings’ (Kennedy
etal., 1989, p. SI51). We can think of this as the line break cue. The core idea was that
the visual information at the end of the line encourages structural closure due to the
spatial discontinuity between lines during reading (also coupled with the lack of
unprocessed parafoveal information to the right of the break; see Mitchell, 1987).
Thus, this function of the line break cue in marking clausal endings was originally
understood to be a by-product of visuospatial information encoding processes. In
later work, the idea that implicit prosody could be a relevant factor was entertained.

A key impetus into subvocal prosody research was the Implicit Prosody Hypoth-
esis (IPH) (Fodor, 2002; see also the Prosodic Constraint on Reanalysis proposal by
Bader, 1998). According to the IPH, a default prosodic contour is projected onto text
during silent reading, resulting in both a prosodic and syntactic structure being
generated. This is because the parser postulates syntactic boundaries at the location of
prosodic breaks. Crucially, in the face of ambiguity, this prosodic packaging helps
identify sentence constituents, clarifies structure and facilitates interpretation.

Clearly, studying implicit prosodic phrasing presents unique challenges, particularly
due to the silent nature of the phenomenon and individual differences in the use of
subvocalisation during reading. Desite these difficulties, several investigations con-
ducted over the past two decades have yielded promising results that are consistent
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with the predictions of the IPH (see Breen, 2014 for a review). Some of these studies
have used manipulations associated with the imposition of prosodic boundaries during
reading. These include comma punctuation (Drury et al., 2016; Hirotani et al., 2006;
Steinhauer, 2003; Steinhauer & Friederici, 2001; see also Jun & Bishop, 2015; Staub,
2007), segment-by-segment sentence presentation (Swets et al., 2007), frame breaks in
self-paced reading (Hirotani et al., 2016) and physical line breaks in text (Hirotani et al,,
2016; Traxler, 2009).

Most relevant for present purposes are the findings reported in Hirotani et al. (2016).
In their first experiment, they observed that frame-break-induced boundaries affected
how syntactically complex structures were parsed online, and in their second experi-
ment, they found that line-break-induced boundaries determined what interpretations
of globally ambiguous structures were preferentially reached offline. These findings were
attributed to prosodic packaging caused by text segmentation means, which affected
how materials placed within the same (prosodic) processing unit were analysed. Based
on these results, the authors proposed an extension to the IPH, namely the Line Break
Hypothesis, which states that line breaks inserted into written text induce implicit
prosodic boundaries’ (Hirotani et al., 2016, p. 1). Below, we consider whether line breaks
can play a similar disambiguating role in object—subject garden paths.

1.2. Object-subject ambiguity

One type of local/temporary syntactic ambiguity that has been widely studied over
the past decades is found in direct object—subject garden path sentences, as shown
below.

(1)  While Anna dressed the baby played in the crib.
(2)  While Anna dressed the baby

played in the crib.
(3) While Anna dressed

the baby played in the crib.

Example (1), found in Christianson et al. (2001), illustrates what is often referred to
as ‘object-subject’ ambiguity. This is because the noun phrase ‘the baby’ could be
analysed in two alternative ways, depending on whether the dependent clause verb
‘dressed’ is transitive or intransitive. If transitive, it takes as its object the noun phrase
‘the baby’; if intransitive, it is reflexive (that is, Anna dressed herself), while the noun
phrase ‘the baby’ is the subject of the verb ‘played’ in the main clause. Out of these two
options, the latter is grammatical; yet, in the absence of a comma to demarcate clause
boundaries, readers are often ‘garden pathed’. That is, they tend to entertain the
transitive misparse initially, only to realise later on that reanalysis is needed once they
encounter the disambiguating information (‘played’ in the example above). Typically,
the induced garden path effects manifest as processing difficulty (e.g. longer reading
times) and poorer comprehension, as the initial misinterpretation often persists. This
may be because syntactic repair is initiated but only partially completed to a ‘good
enough’ standard (e.g. Christianson et al., 2001), or fully completed but susceptible to
interference from the lingering memory trace of the misanalysis (Slattery et al., 2013),
or even completed to varying degrees of coherence and co-existing with other local
interpretations simultaneously (Cehékova & Chrom’y, 2023).
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In an early theoretical framework known as the garden model (Frazier, 1978;
Frazier & Rayner, 1982), this misanalysis phenomenon was attributed to a syntax-
based parsing bias, namely a tendency to attach incoming words inside the clause
currently being processed (late closure), rather than outside it (early closure). In later
work, different sentence processing models were proposed, such as the ‘good enough’
approach (Christianson et al., 2001; Ferreira et al., 2002, 2001) and constraint-based
accounts (MacDonald et al., 1994; Seidenberg & MacDonald, 1999), which motivated
further research to better understand factors that influence garden path effects. A key
question was whether comprehenders are guided solely by syntax-based parsing
strategies, or whether nonsyntactic information is available early on to influence
parsing decisions. Since then, several investigations have been conducted to examine
whether nonsyntactic factors, such as lexico-semantic, contextual and prosodic
information, can mitigate or block garden path eftects (for reviews, see Lee & Watson,
2012; Pickering & Van Gompel, 2006).

Within this literature, a question that has remained unaddressed concerns the
effects of line breaks and, in particular, the extent to which they can help the reader
avoid the late closure misanalysis instead of promoting it. For instance, when
sentences containing object—subject ambiguity are segmented as in (2), readers
display strong transitivity reflexes not only with optionally transitive verbs but also
with obligatorily intransitive verbs (Mitchell, 1987; but see Adams et al., 1998; Staub,
2007). Such findings may point towards a ‘powerful influence’ of nonsyntactic cues
on structural closure (Kennedy et al., 1989, p. SI70), affecting how material placed
within the same (prosodic) processing unit is analysed (Hirotani et al., 2016). By
extension, one could hypothesise that garden path effects are not observed when the
text is segmented in a way that promotes early closure, as in (3), where the line break
after the verb aids in triggering a prosodic break, which corresponds with a legitimate
clause boundary.

This is the first hypothesis we tested in the present studies. Below, we present
relevant literature that led us to develop our second hypothesis.

1.3. Flouting the line break cue

The information presented so far suggests that parsers are likely to assume structural
closure at line endings, either due to visuospatial information encoding parameters
(Kennedy et al., 1989) or prosodic packaging (Hirotani et al., 2016).

However, readers cannot always realise syntactic—prosodic closure at the end of a
line. This is particularly relevant in cases where the discontinuity of the line conflicts
with the continuity of the syntax in a conspicuous way. Consider cases in which
syntactic constituents are ‘scissored’ by line endings, such as a line-final article being
separated from a noun complement positioned on the next line. In that scenario,
readers would know pre-break not to assume closure, as obligatory elements will need
to be incorporated into the phrasal unit post-break. There is some evidence from
studies using nonprosaic text (poetic fragments) that readers develop distinct pro-
cessing strategies to deal with severed syntax on the line (Koops van’t Jagt et al., 2014;
Schauffler et al., 2022). For instance, during silent reading, parsers recognise incom-
pleteness in fragments with scissored syntactic constituents, which causes them to
adopt a ‘fast forward’ strategy in search of closure, that is, a speed-up in pre-break
regions (Koops van’t Jagt et al., 2014). Similarly, in oral recitation, when a line end
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scissors a syntactic unit, readers display certain prosodic adaptations, such as a
shorter pause and no F, reset (Schauffler et al., 2022).

Thus, while there are cases in which line breaks coincide with structural bound-
aries and act as ‘good’ or helpful cues to closure (Kennedy et al., 1989), there are also
cases in which line endings break up syntactic-prosodic units; in such cases, they can
be conceptualised as ‘bad” or misleading cues. This ‘good-bad’ conceptual distinction
is inspired by previous related work on effects of disfluencies on syntactic parsing.
Specifically, Bailey and Ferreira (2003) found that when disfluencies, such as ‘uh’,
occured in positions that clashed with a clause boundary in aurally presented object—
subject garden paths (late closure promoted), listeners were less likely to judge them
as grammatically acceptable compared to when the disfluency closely followed the
clause boundary (early closure promoted). Based on these findings, the authors
argued that disfluencies can serve as both good and bad cues to sentence structure.
We consider that line breaks can also be thought of in a similar way: they can act as
helpful cues by demarcating linguistic structure in reading, but they can also cause
reading disfluencies when they clash with structural boundaries.

Furthermore, the findings of Koops van’t Jagt et al. (2014) and Schauffler et al.
(2022) suggest that parsers adapt their syntactic—prosodic processing decisions in
response to the structural incompleteness of textual lines. What has not been
investigated yet is whether incompleteness can be ‘regularised’ and anticipated in
parsing. To explicate, consider a scenario where readers are repeatedly exposed to
syntactically incomplete lines at the beginning of a text. After this exposure, they
encounter a line that could be perceived as structurally complete or incomplete (e.g. a
line ending featuring an optionally transitive verb, as in (3)). Under these conditions,
it is hypothesised that parsers would not be quick to assume that the end of that line
signals the end of a clause (line break cue). Rather, they may hold off on syntactic-
prosodic closure. In other words, repeated exposure to syntactically incomplete lines
would render readers likely to flout the line break cue which signals closure, instead
expecting upcoming material to be accommodated in the parse post-break (e.g. an
object argument of the verb). Essentially, this manipulation of exposure frequency
resembles a priming manipulation.

Priming is observed when prior exposure to a stimulus (prime item or structure)
influences the processing of subsequent information (target item or structure) due to
lexical repetition or featural overlap at semantic, structural or other representational
levels (for a review of lexical priming, see Jones & Estes, 2012; for structural priming,
see Pickering & Ferreira, 2008; Tooley & Traxler, 2010). Previous research has shown
that exposure to particular syntactic frames — even in the absence of lexical
repetition — can modulate the pre-activation of a given parse, facilitating processing
in subsequent trials (e.g., Fine et al., 2013; Pickering et al., 2013; Prasad & Linzen,
2021; Tooley & Bock, 2014; Traxler, 2008). We consider that the manipulation of
exposure frequency to line-clause coterminality or clash can be thought of as a
similar priming manipulation. Specifically, we assume that early lines within a
given item can shape participants’ expectations regarding subsequent line breaks,
thereby modulating the activation of competing syntactic—prosodic analyses as the
item unfolds. Crucially, these within-item effects occur in conjunction with broader
between-item adaptation mechanisms, whereby readers adjust to the experimental
task itself as well as to the structural patterns they encounter repeatedly over the
course of the experiment, a phenomenon well-documented in the literature (e.g.,
Chromy & Tomaschek, 2024).

https://doi.org/10.1017/langcog.2025.10009 Published online by Cambridge University Press


https://doi.org/10.1017/langcog.2025.10009

6 Tsoukala, Vogelzang and Tsimpli

1.4. The present studies

The present studies had two main aims. First, we wanted to test whether line breaks
can disambiguate object—subject garden paths by triggering early closure and block-
ing the late closure misanalysis. To that end, we designed multiline texts in which a
locally ambiguous verb that could be analysed as transitive or intransitive was
positioned at a line end. We hypothesised that readers will be less likely to analyse
the verb as transitive and more likely to analyse it as intransitive; this is due to the
function of the line break in triggering early closure (Hirotani et al., 2016; Kennedy
etal., 1989). This hypothesis (H1) applies in texts that contain no repeated line break
and syntactic boundary clashes (hence readers have no reason to flout the line break
cue).

Our second aim was to test how strong this line break cue to closure is and whether
it can be overridden via repeated exposure to line break and syntactic boundary
clashes. Thus, we manipulated the aforementioned texts so that prior to the critical
line ending with the ambiguous verb, all lines would be syntactically incomplete. We
hypothesised that readers will be more likely to analyse the verb as transitive and less
likely to analyse it as intransitive; this is due to repeated exposure to line break and
syntactic boundary clashes, making them flout the line break cue and refrain from
early closure. This hypothesis (H2) applies in texts containing repeated line break and
syntactic boundary clashes.

To investigate these hypotheses, adult participants completed a self-paced reading
(Study 1) and an eye-tracking experiment (Study 2). The eye-tracking experiment
allowed us to follow up on the results of the self-paced reading experiment and gain
data of higher spatiotemporal precision.

2. Study 1: Self-paced reading
2.1. Participants

Out of the originally recruited 42 participants, 39 native English speakers (21 females,
Mage = 21.3, SDage = 2.08) formed this study’s sample (see Data Analysis for
exclusions). All were university students in the UK. They were recruited through the
Prolific platform (https://www.prolific.com/) and mailing lists at the University of
Cambridge. Participants had no history of dyslexia, neurological or psychiatric
disorders. They all provided informed consent and received £15 as payment. Both
Study 1 and 2 have received ethical approval by the ethics committee of the Modern
and Medieval Languages and Linguistics faculty at the University of Cambridge.

2.2. Materials

The items were 32 poem-like texts consisting of five lines. In a 2 x 2 experimental
design, we manipulated Transitivity (transitive or intransitive third line verb) and
Line Completeness (complete or incomplete lines preceding the third line). The
resulting four conditions are shown in Table 1. For the full list of items, see the
Supplementary Materials.

In the conditions labelled as Complete, the first and second line contained
syntactically complete clauses, namely ‘Alice attended a talk’ and ‘that the speaker
named James gave’. In Incomplete conditions, the clause-final words ‘talk’ and ‘gave’
were transposed on the immediately subsequent line so that these clauses would be
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Table 1. Example of an item showing the experimental conditions

Condition

Line completeness Transitivity Example

Complete Intransitive Alice attended a talk
that the speaker named James gave
and because Alice heckled
James who was sickly and frail
was a little mortified

Complete Transitive Alice attended a talk
that the speaker named James gave
and because Alice heckled [I]°
James who was sickly and frail
she was truly mortified

Incomplete Intransitive Alice once attended a [I]
talk that the speaker named James [1]
gave and when Alice heckled
James who was sickly and quite
frail was a bit mortified

Incomplete Transitive Alice once attended a [I]
talk that the speaker named James [I]
gave and when Alice heckled [1]
James who was sickly and quite
frail she was so mortified

Question: Who was it that was mortified?
Options: (a) Alice (b) James (c) Other(s)

[1] marks all lines which preceded or contained the verb region that were structurally incomplete; this was not shown to
participants.

syntactically incomplete. Given this displacement, minor lexical substitutions or
insertions were considered for Incomplete conditions to control for line length
(e.g. addition of the adverb ‘once’ on the first line, replacement of the conjunction
‘because’ with ‘when’ on the third as shown in Table 1). Accordingly, syllable count
on each line remained constant (N = 7) across items and within-item conditions.
Importantly, the conspicuous ‘scissoring’ of clauses at line endings from the begin-
ning of texts was designed to create an expectation that subsequent lines would also
be syntactically incomplete and that upcoming material would need to be incorpor-
ated into the parse after each line break.

This Line Completeness manipulation is important to consider as we now turn to
the dependent clause ‘because/when Alice heckled’ on line 3. Therein, a verb that
could be analysed as transitive or intransitive was placed in line-final position, as in
‘heckle’. In Transitive conditions, the verb would take as its object the proper name
found at the beginning of line 4 (‘James’), whereas in Intransitive conditions, this
proper name would be the subject of a main clause on the final line (‘was a little/bit
mortified’). Texts remained temporarily ambiguous until line 5 where the presence or
absence of a new subject for the main clause, namely an anaphoric pronoun (e.g. she),
would determine whether the verb was transitive or intransitive, respectively. Note
that if a pronoun was present — thus rendering the verb transitive — global referential
ambiguity was avoided, as only one pronoun antecedent met anaphoric binding
criteria (e.g., ‘she’ refers to ‘Alice’, not ‘James’). Importantly, the inclusion of
structurally incomplete lines prior to the presentation of the third line ambiguous
verb was intended to influence parsing decisions on its transitivity status.
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For all stimuli, including fillers, a multiple choice comprehension question was
generated of the form “‘Who did what’. The question for critical items enquired about
the subject of the main clause verb on line 5, e.g. ‘Who was it that was mortified?” The
options were third-line candidate (‘Alice’), fourth-line candidate (‘James’) or ‘Other
(s)’ as a fallback option.

The items included locally ambiguous verbs (e.g. optionally transitive, reflexives)
used in Adams et al. (1998) and Mitchell et al. (2008). We also normed the stimuli
with an independent group of native English speakers (N = 20, 10 females,
Mugg = 21.4, SDpgg = 3.05). Our aim was to ensure that the chosen verbs would
lead to the activation of the two alternative analyses. Results revealed that although
both analyses were activated (about one-third of raters found the transitive and
intransitive versions equally comprehensible), raters favoured the transitive inter-
pretation (44.3%) over the intransitive one (20.3%), a difference that was significant
(p = 0.003). For further details and discussion of the norming results, see the
Supplementary Materials.

Apart from the 32 critical items, participants also read 80 five-line texts, including
distractors containing global ambiguity and unambiguous fillers. Four counterbal-
anced lists were prepared. Participants saw eight items for each one of the four
conditions, and each item was seen in only one of its four versions.

2.3. Procedure

This web-based reading study employed the self-paced (line-by-line) moving-
window paradigm, programmed in JsPsych (de Leeuw, 2015).

To approximate lab-based experimental conditions, a remote testing method was
used, which involved participants completing the study while being on a live call with
the experimenter. Participants were informed that they would view short texts made
up of a few lines, which they had to read at their normal pace, following which they
would be presented with a comprehension question. We did not mention anything
more specific about the structure of the stimuli in order to avoid biasing participants
or drawing their attention to the poetic particularities of the stimuli.

During testing sessions, participants started the main reading task, after going
through three practice items. The main reading task was split in five blocks. The first
four blocks contained 22 texts each, while the last one consisted of 24 texts. In
between blocks, participants could take a short break and would then proceed to
complete a cognitive task (results on these tasks are beyond the scope of the present
report).

2.4. Data analysis

Prior to analyses, three participants who gave more than 20% incorrect responses to
questions following unambiguous fillers were excluded, yielding a sample size of
thirty-nine. Then, trials in which participants had responded with ‘Other(s)’ to the
question for the critical items were excluded (0.8% data loss). Next, reading time data
were checked for outliers. Inspection of line reading times through histograms
indicated that most values ranged between 500 and 10000 ms, so we trimmed data
falling outside this range (7.1% data loss) and then log-transformed data to reduce
skew. Finally, to account for differences in line character count between items, we
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regressed logged reading times per line on the character count of the respective line
and extracted the residuals of these models, which we then used as the dependent
variables in the main analyses. We analysed residual reading times for line 5, which
contains the disambiguating region and is central to our hypotheses. Additionally,
we analysed data for lines 3 and 4, since they contain information relevant for
disambiguation, namely the transitive/intransitive verb and the object/subject noun
phrase, both commonly examined in the garden path literature. In contrast, lines
1 and 2 were not relevant for our analyses.

Analyses were performed in R using the lme4 package (Bates et al., 2015). We used
linear mixed-effects models (LMEMs) to analyse reading times and generalised
LMEMs for responses to the comprehension questions. We took the following
modelling steps. Firstly, we started with an empty model and used the Akaike
Information Criterion (AIC) to identify the random effects structure that best fitted
the data (Matuschek et al., 2017). We built and compared (a) a model with only
by-participant and by-item intercepts, (b) a model that also included by-participant
slopes for Line Completeness and Transitivity, (c) a model with by-item slopes for
these factors instead and (d) a ‘maximal’ model with both by-participant and by-item
intercepts and slopes for Line Completeness and Transitivity. The maximal model
often led to non-convergence issues, so we selected among one of the other options
based on AIC. Subsequently, Line Completeness (negative level: Complete) and
Transitivity (negative level: Intransitive) were deviation-coded and entered in all
models as fixed effects along with their interaction. For interactions, we performed
post-hoc tests and corrected for multiple comparisons with false discovery rate
adjustments. As effect size indices, we report odds ratio (OR) or Cohen’s d (d).

100

90
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=]

> .
3 Condition
5 Complete-Intransitive
8 Complete-Transitive
© Incomplete-Intransitive
® 70 Incomplete-Transitive
60
50

Figure 1. Mean percent correct responses to the comprehension question by condition in Study 1 (SE error
bars).
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Figure 2. Mean reading times by condition in Study 1 (SE error bars).
Table 2. Summary of the statistical results in Study 1.

Measure Predictors Model estimate (Cl) p-value OR/d effect size (Cl)

Accuracy Line completeness —0.41 (—0.82, —0.002)  0.049* OR = 0.66 (0.44, 1.00)

Reading Times
Line 3

Reading Times
Line 4

Reading Times
Line 5

Transitivity

Line completeness x
Transitivity

Line completeness

Transitivity

Line completeness x
Transitivity

Line completeness

Transitivity

Line completeness x
Transitivity

Line completeness

Transitivity

Line completeness x
Transitivity

0.62 (0.11, 1.13) 0.016*
1.07 (0.29, 1.84) 0.007**
0.14 (0.10,0.18) < 0.001***
0.02 (—0.02, 0.06) 0.420
0.05 (—0.03, 0.14) 0.213
—0.05 (—0.09, —0.005)  0.027*
0.004 (—0.04, 0.05) 0.814
—0.03 (—0.12, 0.05) 0.455
0.08 (0.02, 0.15) 0.012*
0.08 (0.003, 0.17) 0.076
—0.12 (—0.23, —0.006)  0.038*

OR = 1.87 (1.12, 3.10)

d =0.40 (0.28, 0.52)
d=0.04 (—0.06, 0.16)

=—0.13(—0.25, —0.01)
d=0.01 (—0.10, 0.13)

d=0.18 (0.03, 0.33)
d =0.17 (—0.03, 0.38)

Note: To derive effect sizes for significant interactions we performed post-hoc tests which we present in the text. Significant
p values are highlighted in bold (* denotes p < 0.05; ** denotes p < 0.01; *** denotes p < 0.001).

2.5. Results

Mean accuracy and reading time results are shown in Figures 1 and 2, respectively. A
summary of the statistical results can be found in Table 2. The full model outputs and
descriptive statistics are provided in the Supplementary Materials.
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Comprehension accuracy was well above chance in all conditions (>74%).
Analyses revealed an effect of Line Completeness, as lower odds of providing an
accurate response were estimated in Incomplete conditions. Transitivity was also
significant, as Transitive conditions were associated with greater odds of an
accurate response. A significant interaction between Transitivity and Line Com-
pleteness was detected. Post-hoc tests revealed that accuracy in the Incomplete-
Intransitive condition was significantly lower compared to all other conditions,
namely Complete-Intransitive (beta = —0.94, p < 0.001; OR = 0.38, 95% CI [0.19,
0.76]), Complete-Transitive (beta = —1.03, p < 0.001; OR = 0.35, 95% CI [0.16,
0.74]) and Incomplete-Transitive (beta = —1.15, p < 0.001; OR = 0.31, 95% CI [0.14,
0.70]). No other significant results were obtained through post-hoc comparisons.

Regarding reading time data, the model for line 3 revealed an effect of Line
Completeness; participants took longer to process the region with the ambiguous
verb in Incomplete conditions. Line Completeness also had an effect on line 4 reading
times; in this case, participants read this region faster in Incomplete conditions.

In line 5, there was again an effect of Line Completeness; participants were slower
to process the disambiguating region in Incomplete conditions. Importantly, a
significant interaction between Line Completeness and Transitivity was detected.
Post-hoc tests revealed that the interaction was driven by the Complete-
Intransitive condition, which was read faster compared to all other conditions,
namely Incomplete-Intransitive (beta = —0.14, p = 0.011; d = —0.31, 95% CI
[—0.50, —0.11]), Incomplete-Transitive (beta = —0.16, p = 0.026; d = —0.35, 95%
CI [-0.62, —0.09]) and Complete-Transitive (beta = —0.14, p = 0.026; d = —0.30,
95% CI [—0.54, —0.06]). No other significant differences were detected through
post-hoc comparisons, and there were no other significant effects in any of the
models reported above.

2.6. Discussion

These results provide partial support for our hypotheses, as we detected the effects we
expected in either online or offline measures, but not in both.

Regarding H1, which concerns Complete conditions, we expected the line break
after the critical verb on line 3 to trigger early closure, thus promoting the intransitive
analysis. Consistent with H1, post-hoc tests revealed that line 5 (disambiguating
region) in the Complete-Intransitive condition was read significantly faster than the
Complete-Transitive one. However, the comprehension results do not suggest simi-
lar facilitation for the intransitive analysis, as accuracy was similar in the Complete-
Intransitive condition and the Complete-Transitive one.

Regarding H2, which concerns Incomplete conditions, we expected that repeated
exposure to line break and clause boundary clash would render readers likely to flout
the line break cue and not assume early closure on line 3, thus promoting the transitive
analysis. Consistent with H2, we found that comprehension accuracy was better in the
Incomplete-Transitive condition compared to Incomplete-Intransitive one. However,
we did not find similar facilitation for the transitive analysis in online measures, as
reading times in line 5 (disambiguating region) did not differ between the Incomplete-
Transitive condition and the Incomplete-Intransitive one.

Finally, we also observed effects we had not anticipated. The reading time results
indicated that Line Completeness affected participants’ reading behaviour early on,
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in pre-disambiguating regions. Participants were slower while processing line 3 with
the ambiguous verb when they had been exposed to structurally incomplete line
contexts as opposed to complete ones. In contrast to this, the contents of line 4 were
viewed faster in incomplete line contexts compared to complete ones. We consider
possible explanations to account for all these findings in the General Discussion.

Overall, these results provided important insights; yet, there are certain limitations
to the conclusions that can be drawn. The design of the stimuli meant that the
disambiguating region was the final segment readers viewed. Thus, effects of interest
cannot be disentangled from wrap-up processes triggered by the end of stimuli
(however, wrap-up need not be left till the end of sentences; see Stowe et al., 2018).
Additionally, limitations of the line-by-line moving-window paradigm we employed
are that (1) only full line reading times are obtained, without specifying which
word/section caused the effects and (2) readers cannot regress to previous regions
they have already read.

To address these issues in Study 2, we used eye-tracking to gain high-precision
data on areas of interest within lines and to have lines of text remain available for
re-inspection.

3. Study 2: Eye-tracking during reading
3.1. Participants

Out of the originally recruited 35 participants, 29 native English speakers (22 females,
Mage = 194, SDage = 1.1) formed this study’s sample (see Data Analysis for

Table 3. Example of an Item with the IAs underlined

Condition

Line completeness Transitivity Example

Complete Intransitive Alice attended a talk
that the speaker named James gave
and because Alice heckled
James who was sickly and frail
was a little mortified

Complete Transitive Alice attended a talk
that the speaker named James gave
and because Alice heckled [I]°
James who was sickly and frail
she was truly mortified

Incomplete Intransitive Alice once attended a [I]
talk that the speaker named James [I]
gave and when Alice heckled
James who was sickly and quite
frail was a bit mortified

Incomplete Transitive Alice once attended a [I]
talk that the speaker named James [1]
gave and when Alice heckled [I]
James who was sickly and quite
frail she was so mortified

Question: Who was it that was mortified?
Options: a) Alice b) James c) Other(s)

2[11 marks all lines which preceded or contained the verb region that were structurally incomplete; this was not shown to
participants.
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exclusions). Participants had normal or corrected-to-normal vision. All were adult
students at the University of Cambridge and none participated in Study 1.

3.2. Materials

The same materials as in Study 1 were used. Three interest areas (IA) were defined. On
line 3, A 1 was the locally ambiguous verb (‘heckled’). On line 4, IA 2 was the object of
the locally ambiguous verb, when the verb was transitive, or the subject of the main
clause verb on line 5, when the verb was intransitive (‘James’). Finally, IA 3 consisted of
the first three words on line 5 so that it would contain the disambiguating word and
spillover area. For an example of an item with the IAs underlined, see Table 3.

We decided to combine the first three words on the fifth line into a single IA to
allow comparability across conditions. Had these words not been combined, the
following complications would have arisen. Firstly, the difference between the
disambiguating word in Transitive conditions (a pronoun such as ‘he’) and that in
Intransitive conditions (the main clause verb) was almost double in terms of
character count; in the former case, the mean was 4.7 (SD = 1.4), whereas in the
latter, it was 2.5 (SD = 0.6). As such, the final IA needed to be length-matched
between conditions. Secondly, another consideration was that the disambiguating
word in Complete and Incomplete conditions occupied different spatial positions; in
the former case, it appeared at the beginning of the fifth line, whereas in the latter
case, it appeared in second position. The best solution to the aforementioned
problems that could be thought of was to combine the first three words on the fifth
line so that (a) in all cases, fixations spanning from the beginning of the line and
falling on roughly the same horizontal and vertical area of the screen would be
compared across all four conditions, (b) the area examined would not be too small
and dissimilar in terms of length across conditions and (c) the resulting IA would
include the disambiguating word along with the post-disambiguating word(s), thus
taking into account spill-over effects. Table 4 shows the average length of the
disambiguating IA, which did not differ between conditions (p > 0.05).

Alongside the 32 critical items, participants read 48 five-line texts, using a subset of
distractors and unambiguous fillers from the self-paced reading study to avoid
making the experiment too long. The question and response options remained the
same as in Study 1.

3.3. Procedure

The experiment used an Eyelink 1000 Plus eye-tracker (SR Research) with a desktop-
mounted camera at a 52 cm eye distance. Participants’ eye movements were recorded

Table 4. Mean length of 1A 3 in characters (incuding spaces)

Condition
Line completeness Transitivity Example Mean SD
Complete Intransitive was a little 14.3 2.9
Complete Transitive she was truly 13.9 2.9
Incomplete Intransitive frail was a 13.9 2.2
Incomplete Transitive frail she was 13.6 15
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at 1000 Hz using monocular tracking. A headrest was used to stabilise the partici-
pants’ head. After instructions, participants completed a 9-point calibration proced-
ure. Following validation, they read four practice items and then proceeded to the
main items.

Care was taken to avoid complications related to return sweeps, that is, end-of-line
saccadic eye movements that take the reader’s eyes to the next line. Return sweeps
have been associated with oculomotor error, affecting fixations landing on the
following line (see Slattery & Parker, 2019 for review). Thus, we used a gaze-
contingent display that presented the text in a cumulative manner, where each line
appeared one after the other. To make a line appear, participants had to fixate on a
cross positioned to the left of each line. Once the fifth line had appeared, they could
look at an arrow sign positioned close to the right border of the screen to move to the
comprehension question. This setup was explained to participants at the start of
testing sessions using a picture-based demo. Additionally, as in Study 1, participants
were instructed to read for comprehension at their normal pace.

This presentation mode offers both methodological benefits and some trade-offs,
such as the potential for prolonging fixations from the end of one line to the
beginning of the next. Although presenting all lines of text at once would have
allowed for more natural reading conditions, this approach was chosen for its ability
to yield more reliable data at the beginning of lines. Additionally, the cross on the first
line served as a drift check, triggering recalibration if the eye-tracker failed to detect a
250 ms fixation. If a fixation to subsequent crosses (left of lines 2—5) was not detected
within 5 seconds, trials would proceed as normal but be excluded from analysis.
Participants read 20 texts in each one of the four blocks of this eye-tracking
experiment. In between blocks, they could take a short break and did not complete
any additional tasks.

3.4. Data analysis

As in Study 1, participants with more than 20% erroneous responses to the questions
following unambiguous fillers were excluded from analyses (N = 2). Trials in which
participants had responded with ‘Other(s)’ to the question for the critical items or
had been timed out (no response recorded within 10 seconds) were excluded; data
from one participant were discarded due to high data loss (>37.5%) in some
conditions. Trials in which the cross fixation trigger for lines 2—5 did not work were
excluded; data from three participants were discarded due to high data loss (> 37.5%)
in some conditions. Thus, these elimination steps led to the exclusion of six individ-
uals’ data out of the originally recruited 35 individuals, yielding a sample size of 29.
Within this sample, the trial-level data loss due to the aforementioned eliminations
steps was at 2.6%.

An automatic cleaning procedure was applied to the eye-tracking data using the
Data Viewer software (SR Research). Firstly, fixations shorter than 80 ms were
merged into the largest fixation that was in close proximity (threshold of 0.5 degrees
of visual angle). Secondly, fixations shorter than 80 ms or longer than 1000 ms were
discarded (Warren et al., 2009). The cleaning steps affected 11.1% of the data used in
analyses.

Three standard eye-tracking measures were computed. First pass time corres-
ponds to the sum of fixation durations in an IA, beginning with the first fixation until
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the IA is exited either to the left or to the right. Rereading time corresponds to the sum
of refixation durations in an IA occurring during regression episodes; that is, all cases
where the IA is reentered after later material to the right has been viewed. Finally,
total time is the sum of all fixation durations in an IA, regardless of their order.

Data from these eye-tracking measures for each IA were log-transformed and
residualised for LMEM analyses, as in Study 1 (that is, we regressed the logged data on
character count of each IA and analysed the residuals). If missing data were obtained
for a measure (e.g. an IA was skipped), these observations were omitted from
analyses. The analysis of question responses and all other modeling steps were the
same as in Study 1.

Finally, we note that our hypotheses concern the disambiguating IA in which we
expected to observe an interaction between Line Completeness and Transitivity.
Since we tested for this interaction three times corresponding to our three eye-
tracking measures (first pass, rereading and total time), we applied false discovery
rate corrections for multiple testing, following guidelines by Garcia-Pérez (2023).
Below, we report both corrected and uncorrected p values.

3.5. Results

Mean accuracy and eye-tracking results are plotted in Figures 3 and 4, respectively. A
summary of the statistical results can be found in Table 5. The full model outputs and
descriptive statistics are provided in the Supplementary Materials.

Comprehension accuracy was well above chance in all conditions (> 80%). Only
an effect of Transitivity was found, as the odds of providing an accurate response were
greater in Transitive conditions.
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Figure 3. Mean percent correct responses to the comprehension question by condition in Study 2 (SE error
bars).
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Figure 4. Mean first pass time, rereading time and total time in the three interest areas, namely IA 1 (i.e.,
verb; top), IA 2 (i.e., object/subject; middle) and IA 3 (i.e., disambiguating Region; bottom), by condition in
Study 2 (SE error bars).

Regarding the eye-tracking data in IA 1 (verb), there was an effect of Transitivity in
rereading time, as the locally ambiguous verb received shorter refixations in Transitive
conditions. The same effect of Transitivity emerged for total time, suggesting again that
when the verb was transitive, less total time was spent in the verb IA.

Regarding IA 2 (object/subject), analyses revealed an effect of Transitivity on
rereading time and total time. Hence, similarly to what was reported above for IA
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Table 5. Summary of the statistical results in Study 2.

Measure Predictors Model estimate (Cl) p-value OR/d effect size (Cl)

Accuracy Line completeness —0.24 (—0.65, 0.18) 0.264 OR=0.79 (0.52, 1.19)
Transitivity 0.83 (0.42, 1.24) < 0.001*** OR =2.29 (1.51, 3.47)
Line completenessxTransitivity 0.26 (—0.57, 1.08) 0.541

First pass time IA 1 (verb) Line completeness —0.005 (—0.07, 0.06) 0.869 d=-0.01(-0.17, 0.14)
Transitivity —0.01 (—0.08, 0.05) 0.725 d=—0.02 (—0.18, 0.12)
Line completenessxTransitivity —0.08 (—0.21, 0.05) 0.240

Rereading time IA 1 (verb) Line completeness —0.05 (—0.17, 0.07) 0.443 =—0.07 (—0.27, 0.12)
Transitivity —0.15 (—0.28, —0.03) 0.013* d=—0.24 (—0.44, —0.05)
Line completenessxTransitivity 0.007 (—0.24, 0.25) 0.952

Total time IA 1 (verb) Line completeness 0.02 (—0.06, 0.11) 0.605 d=0.03 (—0.10, 0.18)
Transitivity —0.13 (—0.21, —0.04) 0.004** d=-0.21 (—0.35, —0.06)
Line completenessxTransitivity —0.09 (—0.26, 0.08) 0.320

First pass time IA 2 (object/subject) Line completeness —0.03 (—0.08, 0.01) 0.162 d=-0.12 (—0.30, 0.05)
Transitivity —0.03 (—0.08, 0.02) 0.245 =—0.10 (—0.28, 0.07)
Line completenessxTransitivity 0.03 (—0.07, 0.12) 0.573

Rereading time IA 2 (object/subject) Line completeness 0.07 (—0.09, 0.23) 0.412 d=0.11 (—0.15, 0.38)
Transitivity —0.17 (—0.32, —0.006) 0.041* = —0.27 (—0.54, 0.006)
Line completenessxTransitivity 0.22 (—0.10, 0.54) 0.179

Total time IA 2 (object/subject) Line completeness —0.07 (—0.16, 0.02) 0.124 d=-0.12 (—0.27, 0.03)
Transitivity —0.10 (—0.19, —0.02) 0.022* d=-0.18 (—0.33, —0.02)
Line completenessxTransitivity 0.01 (—0.17, 0.19) 0.903

First pass time IA 3 (disambiguating region) Line completeness 0.14 (0.06, 0.21) < 0.001*** d=0.32 (0.14, 0.50)
Transitivity 0.04 (—0.03, 0.11) 0.254 d=0.09 (—0.07, 0.27)

Rereading time IA 3 (disambiguating region)

Total time IA 3 (disambiguating region)

Line completenessxTransitivity
Line completenessxTransitivity
Line completeness

Transitivity

Line completenessxTransitivity
Line completenessxTransitivity
Line completeness

Transitivity

Line completenessxTransitivity
Line completenessxTransitivity

—0.02 (—0.13, 0.09)
—0.02 (—0.13, 0.09)
0.09 (—0.05, 0.22)
—0.02 (—0.16, 0.11)
—0.14 (—0.41, 0.13)
—0.14 (—0.41, 0.13)
0.24 (0.15, 0.33)
0.06 (—0.05, 0.17)
—0.16 (—0.31, —0.01)
—0.16 (—0.31, —0.01)

0.756 (uncorrected)
0.756 (corrected)
0.215
0.721
0.308 (uncorrected)
0.461 (corrected)
< 0.001***
0.301
0.035* (uncorrected)
0.103 (corrected)

d =0.10 (—0.06, 0.27)
d=—0.03 (—0.20, 0.13)

d=0.41 (0.25, 0.58)
d=0.09 (—0.03, 0.23)

Note: To derive effect sizes for significant interactions, we performed post-hoc tests which we present in the text. Significant p values are highlighted in bold (* denotes p < 0.05; ** denotes p < 0.01;

*** denotes p < 0.001).
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1, when the verb turned out to be transitive, there were shorter refixations and less
total time spent in the object/subject region.

As for TA 3 (disambiguating region), there was an effect of Line Completeness on
first pass time, indicating that longer fixations were observed in Incomplete condi-
tions. Similarly, an effect of Line Completeness was observed in total time, suggesting
that in Incomplete conditions more total time was spent in the disambiguating
IA. Finally, a Line Completeness and Transitivity interaction effect was detected
(p =0.035); yet, after applying corrections for multiple testing, the effect was rendered
non-significant (p = 0.103).

In the spirit of comprehensiveness, we performed post-hoc tests to explore which
differences drove this effect, though it should be interpreted with caution given its
non-significance. Results revealed that less total time was spent in the disambiguating
IA in Complete conditions compared to Incomplete ones (all p’s < 0.05). In fact, this
is not surprising, given the aforementioned effect of Line Completeness. Thus, the
interaction was likely driven by differences between the two Complete conditions;
less total time was spent in the disambiguating IA in the Complete-Intransitive
condition compared to the Complete-Transitive one, although this difference was
marginal after corrections (beta = —0.14, p = 0.057; d = —0.24, 95% CI [—0.48,
—0.002]). There was no significant difference between the two Incomplete conditions
in the post-hoc tests (p = 0.748), and there were no other significant effects in any of
the models reported above.

3.6. Discussion

These eye-tracking results are mostly consistent with the findings of the self-paced
reading study.

Regarding H1, we expected that in Complete conditions the intransitive analysis
will be promoted. In contrast to Study 1 where we found evidence of significant
processing facilitation for the intransitive analysis, in this case we found only trends
in the same direction. Specifically, when total time was examined, we found a
marginal interaction between Line Completeness and Transitivity, which was likely
driven by the relatively faster processing of the disambiguating IA in the Complete-
Intransitive condition compared to the Complete-Transitive one. Yet, since this effect
was rendered non-significant after applying corrections, this result should be inter-
preted with caution and warrants further investigation to assess its reliability. For
now, we note that the eye-tracking result patterns generally align with the finding of
processing facilitation for the intransitive analysis that we observed in the self-paced
reading study, which provides support for H1. As for comprehension accuracy, we
again found no evidence of facilitation for the intransitive analysis, as in Study 1. The
main effect of Transitivity suggests that accuracy was lower in the Complete-Intransitive
condition than the Complete-Transitive one.

Regarding H2, we expected that in Incomplete conditions the transitive analysis will
be promoted. Consistent with H2, comprehension accuracy was better in the
Incomplete-Transitive condition compared to Incomplete-Intransitive one. However,
we did not find similar facilitation for the transitive analysis in online measures, as there
were no differences in the disambiguating IA between the Incomplete-Transitive
condition and the Incomplete-Intransitive one in the eye-tracking measures.
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Additionally, we detected effects in pre-disambiguating regions. While in Study
1, significant effects of Line Completeness were detected in pre-disambiguating
regions, in this study these effects were not detected; instead, we found significant
effects of Transitivity inIA 1 (verb) and IA 2 (object/subject) in rereading time and total
time. Essentially, when disambiguating material rendered the transitive analysis gram-
matical, readers did not regress to the verb IA or the object/subject IA to the same
extent as they did when the verb turned out to be intransitive. We discuss all these
findings in more detail below.

4. General discussion
4.1. Do coinciding line breaks and clause boundaries encourage early closure?

The first aim of the present studies was to test whether line breaks can help readers
avoid the late closure misanalysis of object—subject garden paths. We hypothesised
that, in contexts with syntactically complete lines, a line break after an optionally
transitive verb will trigger early syntactic—prosodic closure (Hirotani et al., 2016;
Kennedy et al., 1989), thus promoting the intransitive analysis.

The self-paced reading time results provide support for this hypothesis. In the two
conditions where lines preceding the verb region were structurally complete, similar
reading rates were observed for lines 3 and 4 but not for line 5. The final region was
read significantly faster when disambiguating material rendered the intransitive
analysis grammatical rather than the transitive one, suggesting that participants
experienced facilitation when the verb was intransitive.

In the eye-tracking study, the result patterns were generally in the same direction
as the ones of the self-paced reading study. For instance, a trend emerged in total time,
suggesting that readers were somewhat faster to process the disambiguating region
when the texts were resolved towards intransitivity compared to transitivity. How-
ever, this difference was not significant after applying corrections, and thus, this
result should be interpreted with caution. For now, we note that the numerical
differences were in the predicted direction, and consistent with the findings of Study
1. While not conclusive, this consistency across studies indicates that the effect may
be subtle rather than absent, warranting further investigation by future research.

As for comprehension accuracy, we did not find evidence of facilitation for the
intransitive analysis in either study. Thus, even though the online reading time results
suggest facilitation for the intransitive analysis, this did not lead to better offline
comprehension. We believe this is due to the nature of the disambiguating information.
That is, the presence of a gendered pronoun on the final line when the verb was transitive
probably helped identify the referent that participants were asked about (e.g. the pronoun
he/she helps clarify whether the referent is James or Alice). This was not the case when
the verb was intransitive since there was no such pronoun. Hence, this imbalanced cue
may have boosted comprehension accuracy when the verb was transitive. Another
possibility is that transitive structures are generally comprehended more easily, as is
typically observed in the object—subject garden path literature, or that participants have a
preference for the transitive interpretation, as was also observed in our norming study.

Based on our combined results across studies, we tentatively conclude that line
break-induced boundaries are relevant during real-time processing and can encour-
age early closure, affecting online parsing even if offline comprehension responses are
dissociable.
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4.2. Do clashing line breaks and clause boundaries discourage early closure?

The second aim of our studies was to test how strong this line break cue to closure is
and whether it can be overridden via repeated exposure to line break and clause
boundary clash. We hypothesised that in contexts where participants have been
exposed to syntactically incomplete lines, the line break after the optionally transitive
verb will not be interpreted as a cue to syntactic—prosodic closure. Thus, this repeated
exposure to syntactic incompleteness was expected to make readers likely to flout the
line break cue and refrain from early closure, essentially promoting the transitive
analysis, rather than the intransitive one.

We found mixed evidence for our second hypothesis. On the one hand, the offline
comprehension results suggest facilitation for the transitive analysis. In contexts
where line breaks routinely clashed with syntactic boundaries, readers exhibited better
comprehension when the ambiguous texts were resolved towards transitivity rather
than intransitivity. This was reliably observed in both studies.

On the other hand, the online self-paced reading and eye-tracking results indicate that
syntactically incomplete line contexts led to a similar reading behaviour in the disam-
biguating region, regardless of whether the verb turned out to be transitive or intransitive.
Thus, no facilitation for either analysis was observed in reading times. To better appreciate
the lack of facilitation, we could also do another comparison between syntactically
incomplete and complete contexts. The outcome of this comparison indicates disruption
in the former case, as significantly slower reading rates were observed when participants
encountered disambiguating information in incomplete line contexts compared to com-
plete ones; this result pattern was reliably observed both in the reading times of the final,
disambiguating region in the self-paced reading study as well as in first pass time and total
time spent in the disambiguating IA in the eye-tracking study.

Beyond this disruption, there was also some evidence in the self-paced reading
study that having successive lines be structurally incomplete affected parsing early
on. Participants took longer to process line 3 with the verb when they had been
exposed to structurally incomplete lines compared to complete ones. This finding
could suggest that, prior to disambiguation, parsers became sensitive to the two
competing analyses upon encountering the ambiguous verb. The inflated reading
times may point towards high entropy (Hale, 2003), that is, readers experiencing
uncertainty about a probabilistic outcome, namely whether they should assume
syntactic-prosodic discontinuity (line break cue) or continuity (given previous
exposure to incomplete lines). Subsequently, line 4 was read faster in structurally
incomplete line contexts compared to complete ones. This could be due to a ‘fast
forward’ strategy (Koops van’t Jagt et al., 2014) in search for disambiguating input.

These results were not replicated in the eye-tracking study, probably due to
methodological differences between studies. Relatedly, methodological differences
are key to consider as we now turn to the rereading effects that were detected in the
verb IA and the object/subject IA in the eye-tracking study. Since in the eye-tracking
study textual lines remained available for re-inspection, participants regressed to
view pre-disambiguating IAs, and did so for longer when the verb proved to be
intransitive as opposed to transitive. The finding that the verb IA and the object/
subject IA were revisited to a lesser extent when the transitive analysis was imposed
points towards reliance on compensatory strategies. Specifically, participants could
make use of the gender cue to clarify which one of the gender-differentiated
antecedents was coreferent with the pronoun. This also meant that there was no
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need to regress to pre-disambiguating IAs as they could rely on the gender informa-
tion to respond accurately to the comprehension question.

Overall, these findings suggest that presenting participants with repeated line
break and clause boundary clash promoted neither early nor late closure during
online processing. Evidence of processing disruption was reliably observed across
studies, especially when compared with textual versions that did not contain incom-
plete syntax on successive lines.

4.3. An alternative proposal

Another way to address our second hypothesis would be to compare the two
conditions where the intransitive analysis was correct (Complete-Intransitive and
Incomplete-Intransitive). This allows us to assess what effects our Line Completeness
manipulation had in the absence of any aiding cues (that is, no gendered pronoun).

The differences between conditions in which the intransitive analysis was gram-
matical were much greater than the differences between conditions where the
transitive analysis was imposed, as evidenced by the larger effect sizes across studies
in online and offline measures. Reading times in the disambiguating region revealed
greater processing costs when participants had been presented with structurally
incomplete lines as opposed to complete ones, even though in both of the conditions
in question the verb turned out to be intransitive. Offline comprehension results
mirror this pattern. When there was no evidence in the preceding context to
discourage early closure, since all lines routinely coincided with structural boundar-
ies, comprehension was better. By contrast, comprehension was significantly
impacted in the condition in which it turned out that early closure should have been
assumed, but in the preceding context the discontinuity of the line regularly con-
flicted with the continuity of the syntax; in fact, accuracy was numerically the lowest
in this condition across studies, although the differences with other conditions
proved significant only in Study 1.

Since these two conditions were virtually identical lexically and differed only with
respect to the structural completeness textual lines, we propose that the results
discussed above reflect priming-induced garden path effects. Specifically, repeated
exposure to fragmented syntax may have generated a bottom-up expectation for
structural incompleteness, resulting in parsers holding off on closure at the ending of
the line with the critical verb (that is, line 3) and contemplating that the candidate
found at the beginning of the subsequent line (that is, line 4) could be the object
argument of the verb. If the transitive analysis received any activation, even if briefly,
then the lingering memory trace of that interpretation (e.g. Slattery et al., 2013) could
account for the comprehension failure that was observed in the self-paced reading
study. If we assume that participants had momentarily entertained the transitive
misanalysis, then we could explain the processing costs that were reliably observed
across studies. These effects were not observed when all lines coincided with clause
boundaries since there was no (con)textual feature therein to prompt readers to
entertain transitivity. Hence, this assessment of results provides supportive evidence
for our second hypothesis, namely that exposing participants to recurrent line break
and clause boundary mismatch can discourage early closure, potentially due to a
priming-induced expectation for structural incompleteness.

In summary, the combined findings of the present studies are consistent with the
idea that line breaks can act as ‘good’ (that is, helpful) and ‘bad’ (that is, misleading)
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cues to sentence structure, similar to the function of disfluencies in speech (Bailey &
Ferreira, 2003). Specifically, line breaks in text that align with clause boundaries can
help demarcate linguistic structure and lead to processing facilitation. However,
when line breaks clash with structural boundaries, disruption rather than facilitation
is more likely to be observed, possibly reflecting reading disfluency effects. Addition-
ally, the present findings suggest that readers do not interpret line breaks in isolation,
but instead consider the wider textual environment in which they are found.
Repeated exposure to line-syntax misalignment appeared to weaken the reliability
of line breaks as cues to closure, resulting in distinct processing strategies, possibly
underpinned by re-calibrated expectations. Together, these findings underscore the
non-trivial role of text segmentation in guiding parsing, and demonstrate that readers
flexibly integrate various sources of information in a context-sensitive manner.

5. Limitations

One limitation of our studies concerns the design of stimuli and comprehension
questions. Instead of ‘yes-no’” questions (e.g. ‘Did Alice heckle James?’), we opted for
‘Who did what’ questions to avoid favoring particular interpretations (e.g. agreement
bias; see Cehdkova & Chromy, 2023; Van Gompel et al., 2006). To answer correctly,
participants needed to use information from the final line (the absence/presence of a
gendered pronoun). However, this introduced an imbalanced cue between condi-
tions, which may have affected findings. To overcome this issue, we presented an
alternative approach to addressing our second hypothesis in Section 4.3, comparing
conditions without imbalanced cues. For our first hypothesis, despite comparing
conditions with imbalanced cues, we observed processing facilitation in the absence
of aiding cues, which we view as compelling evidence in support of our hypothesis.

Additionally, we observed certain inconsistencies in results across the two studies.
Some effects that were significant in Study 1 became marginal in Study 2. We think
this was partly caused by methodological differences, such as the fact that we included
fewer filler items in the eye-tracking study as well as changed the presentation mode
and the regions examined (for justification, see Materials and Procedure). Another
cause is probably the smaller sample size of Study 2 compared to Study 1. Although
we had 100% power to detect the effect of Line Completeness, we had 52% power to
detect the interaction of interest in the disambiguating IA, as suggested by a post-hoc
power analysis using mixedpower in R (Kumle et al., 2021). Given the resources of
time and funding available to us, we tried to recruit as many participants as possible
for Study 2, ensuring the maximisation of our sample size within these constraints.
Despite our best efforts, we had smaller power than desired because of these resource
constraints.

Overall, while we acknowledge these limitations, we still consider that this work
provides important insight into unexplored effects of text segmentation and hope-
fully lays the foundation for future research to shed light into outstanding questions.

6. Implications

We now turn to the broader implications of this research for everyday reading,
focusing on the visuospatial arrangement of text in real-world settings, such as in
books, educational materials and digital content. If we take a popular book as an
example, such as Alice’s Adventures in Wonderland by Lewis Carroll, we find
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(4) Alice was beginning to get very tired of
sitting by her sister on the bank...
(5) At the show, Izzy was nervous. From the

stage, she spotted Ben, who waved. Taking
a deep breath, Izzy told the audience her
first joke....

scissored syntactic units from the beginning of the book, with the first two lines
shown in (4). We find similar occurrences in (5), which is an excerpt from the text
‘Tzzy’s Talent’. This was used in the 2024 Key Stage 1 Standard Assessment Tests for
Reading, which are the UK’s national curriculum tests for second graders who are 6 or
7 years old.

These examples illustrate the arbitrariness of line break placement, where syn-
tactic units are scissored without consideration for linguistic structure. This seems to
be a common occurrence, as noted by Levasseur et al. (2006). In their study, they used
texts meant for second graders in the USA and found that only 31% of textual lines
ended in intact syntactic units.

This raises the question: Does this prevalent scissoring of syntactic units at line
endings disrupt reading? Our findings suggest it does, consistent with prior research.
Studies with children, including struggling readers and second language learners,
suggest that when line breaks are made to coincide with syntactic boundaries, this
leads to several benefits, such as better reading fluency, comprehension and retention of
information (e.g. Levasseur et al., 2006; Park et al., 2019; Warschauer et al,, 2011).
Conversely, cases of mismatch can impact fluency and higher-level linguistic process-
ing (syntactic parsing and comprehension). Similar observations have been made in
subtitling research. It has been suggested that syntactically complete lines can improve
subtitle readability and reduce cognitive effort when processing complex visual scenes
(Perego, 2008). Additionally, adults have been shown to prefer syntactically complete
lines in subtitles over incomplete ones (Gerber-Morén & Szarkowska, 2018).

All this evidence has practical implications for the way in which widely consumed
texts are formatted, ranging from educational materials to digital content and subtitles.
By segmenting text in a way that preserves syntactic structure, it may be possible to
improve learning and reading experiences in various contexts and populations.

7. Conclusions

The present studies highlight that text segmentation means (line breaks) are far from
irrelevant for the parser but rather consequential for online syntactic—prosodic analysis
decisions. Line endings that routinely coincide with legitimate structural boundaries
seem to lead to processing facilitation and help readers correctly parse clause boundary
ambiguities. By contrast, when syntactic constituents are repeatedly ‘scissored’ by line
breaks, processing disruption is more likely to occur. Moreover, recurring mismatch
between line breaks and clausal boundaries can give rise to an anticipation of structural
incompleteness. In turn, if parsers operate based on this anticipation and they end up
being proven false, their comprehension may suffer. Overall, all the evidence presented
calls attention to the importance of the visuospatial arrangement of text. The way in
which text is formatted can affect how linguistic material is analysed and potentially
how it is interpreted too. Readers take into account such textual properties to guide
linguistic analysis on a context-by-context basis.
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