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The division of main and subordinate discourse information in real-time comprehension

Sanghee J. Kim & Ming Xiang*

Abstract. The study examines the role of discourse structure representation in real-
time comprehension, with a focus on how main discourse and subordinate discourse
information guides language processing. Using a web-based visual world eyetracking
paradigm, we investigated pronoun resolution in two types of relative clauses: apposi-
tive relative clauses (ARCs) and restrictive relative clauses (RRCs).While ARCs were
generally considered as secondary and side-commentary information, aligning with
subordinate discourse, RRCs were usually construed as part of the main discourse.
Making use of this distinction between ARCs and RRCs, the current study examined
pronoun resolution with two possible antecedents. In one condition (RRC), the two
antecedents were part of the same discourse whereas in the other (ARC), they were

in distinct discourse units. We found stronger competition between the two possible
antecedents in the former condition than the latter. Our findings can potentially be
explained by an encoding interference, where linguistic entities encoded with similar
discourse status information can lead to an interference effect.

Keywords. sentence comprehension; discourse structure; appositive relative clause;
restrictive relative clause; pronoun resolution; web-based eyetracking

1. Introduction. Previous work on discourse context has examined various types of discourse
properties. This includes information packaging such as given and new information (Birner &
Ward 1998; Kaiser & Trueswell 2004 ), viewing discourse as strategies and moves to achieve
conversational goals (Lewis 1979; Roberts 2004; Bruce & Farkas 2007; Farkas & Bruce 2010),
coherence relation between discourse units (Hobbs 1985; Kehler 2002), or structured represen-
tation of discourse units and their relations to one another (Polanyi 1988; Asher & Lascarides
2003). And there has also been numerous work on how different types of discourse information
impact language comprehension, such as givenness (Kaiser & Trueswell 2004), the focused or
non-focused status of discourse entities (Arnold 1998; Kaiser 2011; Colonna et al. 2015), or top-
ichood (Altmann & Kamide 1999; Clifton Jr. & Frazier 2018). The current study focuses on the
effect of discourse structure in language comprehension, especially the division between main
discourse versus subordinate discourse content.

For the current purpose, the main versus subordinate discourse structure is manipulated by
two different types of relative clause structures in English: namely appositive relative clauses
(ARCs) (1a) and restrictive relative clauses (RRCs) (1b).

(1) a. ARC content is part of the subordinate discourse
The waitress, who sat near the girls, was unhappy.
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b. RRC content is part of the main discourse
The waitress who sat near the girls was unhappy.

In both examples, the information “the waitress was unhappy” constitutes the main assertion of
the sentence, hence part of the main discourse information. However, the information the wait-
ress sat near the girls contributes to a different part of the discourse structure in the two exam-
ples. In (1a), it is secondary and side-commentary information (Koev 2022), and hence part of
the subordinate discourse information (Jasinskaja 2016). On the other hand, in (1b), because
RRC is restricting the subject noun phrase the waitress, it is part of the main discourse informa-
tion (e.g., Gobel 2019). Making use of this distinction between ARCs and RRCs, in the current
study, we ask how the contrast between main vs. subordinate discourse structure is encoded in
real-time language comprehension.

2. Processing main vs. subordinate discourse structure information. Existing work has ob-
served different behavioral patterns when main vs. subordinate discourse information was pro-
cessed. For instance, sentences with ARCs, as opposed to RRCs, were reported to show reduced
difficulty in syntactically complex (Dillon et al. 2014, 2017; Kroll & Wagers 2019; Dulff et al.
2023) or ungrammatical sentences (Ng & Husband 2017; McInnerney & Atkinson 2020; Kim

& Xiang 2022). Longer syntactic dependencies are known to incur greater processing cost (e.g.,
Gibson 1998; Grodner & Gibson 2005). Hence relative to (2a), (2b) would result in greater pro-
cessing difficulty and lower acceptability rating. The processing cost associated with dependency
length, however, would be reduced with ARCs, such as in (2c) (Dillon et al. 2014, 2017; Kroll &
Wagers 2019; Duff et al. 2023).!

(2) a. The bear is wearing a hat.
b. The bear that is standing on the ball the trainer rolled across the room is wearing a hat.

c. The bear, who is standing on the ball the trainer rolled across the room, is wearing a
hat.

Pronoun resolution can also be impacted depending on whether the antecedent originates in
an ARC or RRC. In both (3a) and (3b) below, the pronoun their is ambiguous in possibly refer-
ring to either of the two antecedents the violinists and the singers. In a self-paced-reading exper-
iment, Kim & Xiang (2023) found longer RTs at the pronoun region in the RRC condition (3b)
than the ARC condition (3a).

(3) a. The violinists, who admired the singers, invited their mentors to the party.

b. The violinists who admired the singers invited their mentors to the party.

In the ARC condition (3a), one antecedent (the violinists) was part of the main discourse
content and the other antecedent (the singers) was part of the subordinate discourse content;
whereas in the RRC condition (3b), both antecedents were part of the main discourse content.
One possibility to explain the pronoun resolution effect in (3) is to assume that discourse status
information, i.e., [+MAIN] or [+SURBODINATE], was encoded on the antecedent noun phrases
when they were first encountered and encoded into working memory representations. When the

! Examples in (2b—2c) were modified from Kroll & Wagers (2019) (Experiment 6). The authors used parentheses
instead of commas in their original ARC example.



antecedents share similar discourse status, as in (3b), their encodings are less distinctive from
each other, in contrast to the situation in (3a) where the working memory representations of the
two antecedents were more distinct. Under this assumption, the observed higher pronoun res-
olution cost in (3b) could be interpreted as the result of encoding interference between two an-
tecedents that partially overlap in their encoding representations. In particular, antecedents that
were more similar in their memory encoding may compete with each other, leading to greater
difficulty for pronoun resolution.

The encoding interference account for the processing difference in (3) is in line with previ-
ous studies that have assumed encoding interference when there was a greater degree of feature
overlap between multiple linguistic items that need to be encoded, leading to degraded or weaker
memory representations (Nairne 1990, 2002; Oberauer & Kliegl 2006; Oberauer & Lange 2008),
or “activation leveling” of the elements that share overlapping features (Villata et al. 2018). The
same account could potentially be extended to explain the reduced length penalty effect in (2c) as
well. The content inside ARC is part of the subordinate discourse, and it does not interfere with
the rest of the main discourse content for the subject-verb dependency resolution.

One empirical challenge to the encoding interference account, however, is that the processing
difference between the ARC and RRC conditions in (3) was only observed on the pronoun. Since
this was also the region where memory retrieval of the pronoun antecedents took place, the effect
observed in (3) may be due to retrieval interference instead of encoding interference. Although in
some previous studies, encoding interference effects sometimes were argued to have emerged at
the retrieval site (e.g., Gordon et al. 2001, 2004; Hofmeister & Vasishth 2014; Villata et al. 2018),
it would be stronger evidence if the hypothesized encoding interference effect can be observed
prior to memory retrieval of the relevant representations (e.g., Acheson & MacDonald 2011;
Kush et al. 2015; Rich & Wagers 2020). Previous studies that have found processing differences
between ARC and RRC structures were primarily sentence judgment task experiments (e.g., Dil-
lon et al. 2014; Kroll & Wagers 2019; Dillon et al. 2018) or reading studies using eyetracking
(e.g., Dillon et al. 2017) or self-paced-reading paradigm (e.g., Ng & Husband 2017; McInnerney
& Atkinson 2020; Kim & Xiang 2022, 2023). It is possible that reading time measures may not
be sensitive enough to detect the early effect of encoding interference. In this study, we use a vi-
sual world paradigm eyetracking method, following Sekerina et al. (2016), wherein the paradigm
was used to examine an interference effect for resolving linguistic dependency.

3. Visual world paradigm for examining pronoun resolution and the competition effect.
The visual world paradigm is particularly effective for examining how multiple representations
compete for activations. For example, Sekerina et al. (2016) compared the two conditions in (4)
with four images presented on the screen: button (target), pen, key, earring. In (4a), multiple ob-
jects were plausible targets to be “spotted” whereas in (4b), there was only one targeted object
(e.g, button) that can be “sewed.” When the verb information appeared in the audio stream, there
were more looks to the target object (e.g., button) in the no-competition condition (4b) than in the
competition condition (4a).

(4) Key contrast in Sekerina et al. (2016)

a. Competition condition
It was the button that the maid who returned from vacation spotted in the early morn-
ing.



b. No-competition condition
It was the button that the maid who returned from vacation sewed in the early morning.

Particularly relevant for the current purpose, the visual world paradigm has been applied to
study anaphora resolution, in particular when there may be multiple possible antecedents com-
peting with each other (Arnold et al. 2000; Kaiser et al. 2009; Clackson et al. 2011; Runner &
Head 2014; Han et al. 2021). For example, Clackson et al. (2011) examined a case in which two
antecedents could potentially compete due to gender feature overlap. An example from Clackson
et al. (2011) Experiment 2 is given in (5).

(5) Key contrast in Clackson et al. (2011)

a. No gender feature overlap
Susan was waiting outside the corner shop. Shep e\ Watched as Mr. Jones|iyasc) bought
a huge box of popcorn for her over the counter.

b. Gender feature overlap
Peter was waiting outside the corner shop. Hep;yasc) Watched as Mr. Jones;;yasc) bought
a huge box of popcorn for him over the counter.

Due to binding constraints, there was only one grammatical antecedent for the bold-faced pro-
nouns in (5a) and (5b), namely the matrix subject. The intervening noun phrase, Mr. Jones, either
did not overlap (5a) or overlapped (5b) in gender with the grammatical antecedent.Four images
were presented on the screen as each stimulus sentence was auditorily presented. The images in-
cluded the two characters (e.g., Susan and Mr. Jones), the object (e.g., popcorn) mentioned in
the stimulus sentence, and one distractor inanimate object not mentioned in the stimulus. More
looks were found towards the grammatical antecedent (e.g., looks towards Susan upon hearing
her in the (5a) condition). Crucially, however, the proportion of looks to the target was reduced
in the overlap condition (5b), suggesting the overlap in gender features between the grammati-
cally licit and illicit entities leads to “competition,” which was manifested as a smaller eye gaze
difference between the two relevant images. Similar observations were also reported in Runner &
Head (2014).

The current study uses the visual world paradigm to examine the contrast demonstrated in
(3). We hypothesize that greater overlap in discourse structure information between two linguistic
representations can have a real-time impact on comprehension, modulating participants’ eye-
movement behavior. Specifically, we expect to observe smaller eye gaze differences between the
two plausible antecedents when they share the same discourse structure information (3b) com-
pared to when they do not (3a). We also examine the time course of when the eye gaze difference
would be exhibited.

4. Experiment.

4.1. SUBJECTS. Sixty-five native speakers of American English were recruited via Prolific. Two
participants were omitted from the main analysis as they took part in the study twice, resulting in
a total of 63 participants for the analysis (mean age = 30.36; age range: 19—40). The duration of
the experiment was around 35 minutes, and the participants received 8.00 USD in compensation.



4.2. DESIGN AND MATERIALS. An example set of experimental item is presented in (6). As
explained earlier in (3), the primary interest in the design is whether the two grammatical an-
tecedents for the pronoun their share similar discourse status. The discourse status of the an-
tecedents was manipulated through clause type (ARC vs. RRC). In the two ARC conditions (6a—
6b), one antecedent was part of the main discourse content and the other is part of the subordinate
discourse content. In the two RRC conditions (6¢c—6d), both antecedents were part of the main
discourse content. Additionally, we varied whether there was a modifier following the pronoun:
short vs. long (e.g., an additional modifier musical in (6b & 6d). This was done to provide some
extra buffer time to process the pronoun their. The contrast in the RC structure was signaled by
adding pauses both before who and after the RC boundary (e.g., the offset of singers), following
previous studies on the intonational pattern of ARC structures (Dehé & Kavalova 2007; Dehé
2014; Watson & Gibson 2004). For all the critical items, the critical pronoun is always their. The
two antecedent NPs were created from various vocation names.

(6) Experimental conditions (Clause type x Modifier length)

a. ARC & Short-modifier
The violinists;+yaw;, Who admired the singers|isusorpivare), 1nvited their mentors to the
party.

b. ARC & Long-modifier
The violinists;yaw;, Who admired the singers|isusorpivare], 1nvited their musical men-
tors to the party.

c. RRC & Short-modifier
The violinists;yaw; Who admired the singers;;van invited their mentors to the party.

d. RRC & Long-modifier
The violinists;yaw; Who admired the singers;yan invited their musical mentors to the

party.

4.3. PROCEDURE. A total of 32 critical and 20 filler items were pseudo-randomly presented
auditorily in a visual world paradigm. The experiment was implemented on PCIbex (Zehr &
Schwarz 2018), and the trials were distributed in a Latin square design. All filler trials also con-
tained a pronoun that needed to be resolved.

We did not video-record any information during the experiment; only the subjects’ eye-gaze
information was recorded. Upon completing a consent form and an instruction phase, participants
proceeded to the calibration stage. During this initial calibration process, the subjects were asked
to look at a green dot (size of 48 px width and 48 px height (approximately 36 pt)) appearing on
the screen and to click it when it appeared. A total of 9 dots were presented; the first dot started
at the center of the participants’ screen (the position of the dot was calculated based on the user’s
screen size), and the rest appeared in random order, at each edge point of the screen (top left, top
center, top right, center left, center right, bottom left, bottom center, and bottom right). Each dot
stayed on the screen for 750 ms.? The calibration precision was calculated by using the Euclidean
distance between the stimulus point, e.g., mid-center dot (X, Y7), and the estimated gaze at the

2 In the newer PennController version 2.1, the calibration dots do not stay on the screen for a fixed amount of time.
Once participants click on one dot, it disappears and the next dot appears on the screen.



n-th dot (X, Y3). The precision score was calculated as in Equation 1. The threshold for accept-
able precision score was set as 60, and the participants were asked to repeat the calibration pro-
cess when they failed to reach the threshold. The study would be aborted if a participant made 3
failed attempts to pass the initial calibration phase.

V(X1 = Xo)? + (Y1 — Vo)
1/2 x WindowH eight

Calibration was conducted before each trial as well, but the between-trial calibration score was
calculated only based on the precision of the mid-center calibration dot. The between-trial cali-
bration score threshold was set to 50.

Once the participant passed the calibration, a fixation cross (“+°) appeared at the screen
center for 500 ms. Subsequently, four images in black-and-white line drawings were displayed
on each quadrant in a randomized order (Figure 1). Each quadrant was a size of 50vw * 50vh
(50% of the width and 50% of the height of the participant’s screen), and each image had a size
of 20vw * 20vh. Two of the images depicted the two possible antecedents and the remaining
two 1images were irrelevant distractors. Visual stimuli were produced with OpenAl’'s DALL-E
2 (Ramesh et al. 2022), an Al system generating images when given a language prompt.

Precision = 100 —

* 100 (1)

Figure 1. An example of the four images presented to the participants.
Note. Clockwise from the top-left: the singers, the detectives, the violinists, the teachers.

After 2200 ms of the image display (image preview time), the auditory stimulus started play-
ing and participants’ eye-movement recording also started simultaneously. The eye-movement
recording continued for 500 ms after the end of the auditory stimulus. An antecedent selection
task followed, with a question prompt asking, “Whose mentors were invited?”” Participants were
instructed to click on one of the four pictures.

4.4. ANALYSIS. Both antecedent selection and eye-movement patterns were analyzed. The an-
tecedent selection results were presented in section 5.1. Before analyzing the eye-movement data,
participants were considered for removal if their eye gaze went outside the quadrants above 50%
of the recorded data. No participant was removed based on this criterion. To assess variations in
sampling interval inherent in web-based eyetracking data, we excluded data points from trials
with an average sampling interval that exceeded 100 ms. The mean sampling interval across tri-
als was 33.57 ms (median = 32.82 ms). After applying the sampling interval threshold, 0.01% of
the data were removed. Subsequently, we eliminated data points where the eye gaze did not fall
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within a quadrant (an additional 9.71% data point removal). We also excluded data points where
an incorrect image was selected for the trial, i.e., neither of the two NPs selected in the trial (an
additional 1.06% data point removal). Finally, data points falling outside the designated monitor
screen were removed, constituting an additional 0.91% data point removal.

We aggregated the eye-movement data into 100 ms time bins following Slim & Hartsuiker
(2022). The proportions of eye-gaze fixations on the four pictures were computed for each time
bin (e.g., 0—100 ms, 100-200 ms, ...) across all participants. Taking into account the 200 ms ocu-
lomotor delay, we offset the onset of the auditory stimuli by 200 ms. Given our primary focus on
the competition between the two grammatical antecedents, we computed the eye-gaze difference
between NP1 and NP2. This involved subtracting the proportion of eye gazes to NP2 from that of
NP1 for each bin. Using this eye-gaze difference score as the dependent variable, we performed
mixed-effects linear regression models with the 1merTest package (Bates et al. 2015) in R (R
Core Team 2022).

We identified two broad windows of a nalysis. The first includes the second NP and the two
words prior to that. Hence, the first window started from the onset of the relative pronoun (who)
and ended at the offset of the second NP (e.g., the singers). A separate analysis was carried out
for each word within this 3-word window. For the first window, our primary interest is the encod-
ing effect of the antecedent noun phrases prior to pronoun resolution. The second window of in-
terest started from the onset of the matrix verb (e.g., invited) and ended at the offset of the object
NP (e.g., mentors). Again a separate analysis was carried out for each word within this 3-word
window (invited, their, and mentors). For this window, the primary interest was on the pronoun,
but we were also interested in whether there was any effect on the verb, prior to pronoun reso-
lution taking place. Additionally, each word window was identified by including the eye gaze
information from the onset to the offset of the word.

In the first pass of the analysis, we included Length, Clause, and their interactions as the
fixed effect and a by-subject random i ntercept. None of the models we conducted found statis-
tically reliable 2-way interaction in any of the word windows (all |¢|s < 1). Since our primary
interest is only Clause type, we removed the Length variable from the models and included the
Clause effect (RRC vs. ARC) as a fixed effect and a by-subject random i ntercept. The Clause
variable sum-coded: RRC =-0.5 and ARC = 0.5. In the results reported below, we followed the
convention of considering results statistically significant when |¢| > 2 (Gelman & Hill 2006).?

5. Results.

5.1. ANTECEDENT SELECTION. The antecedent selection preference results are presented in
Figure 2. Irrespective of conditions, NP1 exhibited a higher preference, approximately 65%,
while NP2 showed a preference of around 35%. Two of the distractors were rarely selected.

5.2. EYE-GAZE PROPORTIONS. Figure 3 shows the proportion of eye gaze on each image for
every 100 ms time bin, averaged across all participants.

The first window The difference between eye gazes on NP1 and NP2 is illustrated in Figure 4.
Regression models revealed no statistically reliable effects at any of the word regions (|t|s < 2
for all three individual words, WHO (who), VERBI (e.g., admired), and NP2 (e.g., the singers)).

3 See Kim & Xiang (2024) for results analyzed using a cluster-based permutation analysis (Maris & Oostenveld
2007; Ito & Knoeferle 2023). The key findings are identical that statistically significant effects are found only in the
second window and not in the first window.
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Figure 3. Proportion of eye gaze on each image, offset for 200 ms.

Note. The labels above the vertical lines denote the onset of each word averaged across items.
NP1=the violinists; VERB1=admired; NP2=the singers; VERB2=invited; PRN
(pronoun)=their; MOD (modifier)=musical; NOUN=mentors; PAUSE1/2 represents pauses
inserted in the ARC condition, as in the trial “The violinists, who admired the singers, invited
their (musical) mentors to the party.” Shaded ribbons indicate the standard errors of the mean.

The second window Eye-gaze difference in the second window is illustrated in Figure 5. Re-
gression models showed that there was an effect of Clause in all three windows, VERB2 (3 =
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invited their mentors to the party.” Shaded ribbons indicate the standard errors of the mean.

—0.098, se = 0.030,¢t = —3.296), pronoun (PRN) (8 = —0.085, se = 0.034,¢t = —2.486), and
noun (NOUN) (8 = —0.081, se = 0.032,t = —2.517) windows, where the eye-gaze difference
between NP1 and NP2 was greater in the ARC conditions compared to the RRC conditions.
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Figure 5. Eye gaze difference between NP1 and NP2 in the second window.

Note. The X-axis is time-locked to the onset of VERB2 across items. The labels on top of the
vertical lines indicate the onset of each word averaged across items. VERB2= invited; PRN
(pronoun)= their; MOD (modifier)=musical; NOUN=mentors, as in the trial “The violinists(,)
who admired the singers(,) invited their (musical) mentors to the party.” Shaded ribbons indicate
the standard errors of the mean.



6. Discussion. In the antecedent selection task, there was an across-the-board preference for the
first NP as the antecedent of their. The preference for the NP1 in the selection task is also con-
sistent with the eye-gaze results. As shown in Figure 3, in all the conditions the eye gaze towards
the NP1 rises around 1000 ms after the onset of the final word of the sentence. This general pref-
erence for NP1 is in line with previous observations that participants prefer to choose the sub-
ject of the same clause when faced with ambiguous antecedents, as noted in Arnold (2010). It is
worth noting that although the ultimate antecedent preference is the same across all the condi-
tions, there are condition-specific online eye-gaze differences. This suggests that the observed
eye-gaze differences between ARC vs. RRC conditions cannot be solely attributed to subjects’
antecedent preferences.

The analyses of eye-gaze proportions found evidence to suggest that participants were in-
deed sensitive to the discourse status of potential antecedents of a pronoun. When the two an-
tecedents shared discourse status, i.e. when both antecedents were part of the main discourse
content in the RRC conditions, competition arises and the eye-gaze difference between the two
antecedents was smaller than in the ARC conditions. An important observation is that the ARC
vs. RRC difference did not emerge immediately after the second antecedent (NP2) appeared in
the auditory input (see Figure 4). Instead, the effect appeared first on the matrix verb (e.g., in-
vited) and then continued into the pronoun region. The fact that the observed effect appeared be-
fore the pronoun suggests that it is not simply triggered by the need for pronoun resolution. There
are different possibilities as to why the effect started on the verb. One possibility is that at the ma-
trix verb, participants need to activate the corresponding subject NP. The memory retrieval of the
subject NP was prone to interference from the intervening NP, resulting in competition between
the two NPs. The competition between the two NPs was stronger in the RRC conditions since
the two NPs shared discourse status features. Alternatively, the effect at the matrix verb might
be a spillover effect from the previous time window, in which the encoding of the second noun
phrase was initiated. As shown by the experimental stimuli example in (6), the NP2 antecedent
immediately preceded the matrix verb. It was possible that the process to fully encode the NP2
representation, including its discourse status information, was not entirely completed by the time
the matrix verb appeared. In the current design, it is difficult to tease apart whether the observed
effect on the verb was truly driven by the matrix verb or it was a spill-over effect from encoding
the previous noun. Future work is needed to address this issue (see Kim & Xiang (2024) for a
discussion).

7. Conclusion. In the current study, an eyetracking experiment showed that discourse structure
information, specifically the distinction between main vs. subordinate discourse status informa-
tion, impacts pronoun resolution. Our findings can potentially be explained through encoding
interference, i.e. two memory representations sharing similar discourse information features can
result in processing interference. But stronger conclusions can only be made with further work.
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