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Taking the perspective of narrative characters: a mouse-tracking study
on the processing of ambiguous referring expressions in narrative
discourse

Abstract

An ongoing debate in the interpretation of referring expressions concerns the degree to which listeners
make use of perspective information during referential processing. We aim to contribute to this debate
by considering perspective shifting in narrative discourse. In a web-based mouse-tracking experiment
in Dutch, we investigated whether listeners automatically shift to a narrative character’s perspective
when resolving ambiguous referring expressions, and if different linguistic perspective-shifting devices
affect how and when listeners switch to another perspective. We compared perspective-neutral, direct,
and free indirect discourse, manipulating what objects are visible to the character. Our results do not
show a clear effect of the perspective shifting devices on participants’ eventual choice of referent, but
our online mouse-tracking data reveal processing differences that suggest that listeners are indeed
sensitive to the conventional markers of perspective shift associated with direct and (to a lesser degree)
free indirect discourse.

Keywords: perspective shifting, narrative, free indirect discourse, mouse tracking, reference
resolution.

1. Introduction

Perspective taking plays a crucial role in language comprehension. In conversation, it has been shown
that listeners take into account the speaker’s point of view in order to resolve possibly ambiguous
referring expressions (e.g. Hanna et al., 2003; Nadig & Sedivy, 2002). For instance, upon hearing “Pick
up the big...”, listeners are quick to identify the target object as the largest object of a size contrast
(e.g. a big and a small duck), even when there is a second size contrast visible to the listener but not
to the speaker (Heller et al., 2008). This finding suggests that during reference processing listeners
reason that the adjective ‘big’” most likely relates to the size contrast that is actually available to the
speaker.

Perspective taking is also fundamental when engaging in narrative discourse. In narratives, readers
or listeners have to consider the perspective of narrative characters in order to distinguish what’s
actually happening in the story world from what the characters think, say, imagine, or see (e.g.
Ferguson et al., 2015; Salem et al., 2017; Koder & Maier, 2018). The required perspective shifts may
be encoded grammatically by report constructions like direct discourse or free indirect discourse. In
direct discourse (DD), there is an explicit reporting clause, or frame, and all context-sensitive
expressions (pronouns, tenses, expressives) refer to the reported speaker. Free indirect discourse (FID)
is a mixed form of reporting in that it combines features from both direct and indirect discourse
(Fludernik, 2003). Specifically, just as in indirect discourse (ID), pronouns and tenses in FID are
interpreted with reference to the reporting (i.e. the narrator’s) context, whereas everything else, e.g.,
exclamatives and other speaker-oriented constructions, is interpreted as quoted, i.e. with reference to
the protagonist, as is the case in DD.

Little is known about whether and how this type of narrative perspective shifting affects referential
processing (but see Kdder et al., 2015, and Kdder & Maier, 2018). In this paper, we therefore explore
the time course of narrative perspective taking by tracking the resolution of perspective-ambiguous
referring expressions during real-time processing of narratives. Specifically, we investigate to what
degree listeners disambiguate referring expressions by taking the narrative character’s perspective into
account, and whether the use of perspective-shifting markers encourages listeners to switch to the
character’s perspective To this end, we conducted a Visual World Paradigm mouse-tracking study in



Dutch, in which participants listened to stories such as given in (1) below that contained references to
objects in a visual scene (e.g. het grote varken ‘the big pig’; see Figure 1). We manipulated both
whether the objects were visually shared between listener and character (Shared, Non-shared) and the
presence of perspective-shifting cues in the narratives (Perspective-neutral, Direct, or Free indirect
discourse), resulting in a 2x3 within-item design. In the Shared condition (left side of Figure 1), the
listener’s visual perspective coincides with the visual perspective of the narrative character: the target
object (here, the biggest pig) and all possible competitors (a medium-sized pig and a small pig) are
visible to both the character and the listener. In the Non-shared condition (right side of Figure 1) the
two perspectives are dissociated: an obstacle restricts which objects are visible to the character. Here,
the best-fitting referent from the listener’s perspective is visually inaccessible to the character. For
instance, the expression ‘the big pig’ is ambiguous when the biggest pig in the listener’s view is visually
hidden from the character. For the character, the best-fitting referent is the biggest among the pigs that
are accessible to her.
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Figure 1. Example stimulus. Left: Shared condition; Right: Non-shared condition.

(1) Laura stond te dromen in de schuur. De varkens scharrelden onrustig in het rond.
‘Laura stood dreamily in the shed. The pigs were restlessly pottering about.’

a. Het grote varken werd erg chagrijnig. (Neutral Discourse)
“The big pig got really annoyed.’

b. Ze dacht: “Oh oh, het grote varken wordt erg chagrijnig!” (Direct Discourse)
‘She thought: “Uh oh, the big pig is getting really annoyed!””

C. Oh oh, het grote varken werd erg chagrijnig! (Free Indirect Discourse)

‘Uh oh, the big pig was getting really annoyed!’
Het was niet zo slim om er alleen naar toe te gaan.
‘It wasn’t very wise to go there alone.’

We use the perspective-neutral discourse (ND) condition (1a) as a baseline to see to what extent
listeners move their mouse towards the character-accessible referent in the absence of perspective-
shifting cues. In the direct discourse (DD) condition (1b), we include an initial overt frame (‘she
thought’), an exaggerated mimetic intonation of the quoted sentence, and an exclamative at the start of
the quoted phrase (e.g. ‘uh oh’) to explicitly mark shifting to the narrative character’s perspective. In
the free indirect discourse (FID) condition, we relied exclusively on a vivid, mimetic intonation and
the initial exclamative to mark the perspective shift. In order to investigate listeners’ time course of
reference processing, we measure their mouse trajectories from the offset of the critical noun phrase
(e.g. ‘the big pig’), as well as their reaction times for clicking the chosen object.

2. Theoretical background
Previous empirical research on perspective taking in narratives has investigated, among other things,
the integration of information that is perceptually available to the character in the reader’s mental



model. For example, Horton and Rapp (2003) found that readers were slower to answer verification
questions about objects that were visually inaccessible to story characters, compared to situations
where such information was not occluded. This suggests that readers take into account characters’
perceptual perspectives during narrative comprehension.

However, it is not yet clear where in the time course of narrative comprehension perspective taking
takes place. Research on perspective taking in conversation suggests that listeners may not immediately
take the speaker’s perspective into account during language comprehension. For example, results from
referential communication tasks have shown that listeners initially consider objects that they know
cannot be seen by the speaker as possible referents of a speaker’s referring expression (e.g. Keysar et
al., 2000; Keysar et al., 2003). These results gave rise to the perspective adjustment model (e.g. Epley
et al., 2004; Horton & Keysar, 1996), according to which core language comprehension processes are
egocentric, while perspective taking is a separate cognitive process that only comes into play in an
optional later adjustment stage of language processing. Other research has stressed that all kinds of
contextual cues may influence language comprehension from the start of processing, including inferred
mental states of other people (e.g. Brennan & Hanna, 2009). According to such constraint-based
models of language processing (e.g. Brown-Schmidt & Hanna, 2011; Hanna et al., 2003), it depends
on the strength of the different cues whether another person’s perspective is immediately considered.
Recently, it has been proposed that there may actually be two distinct cognitive processes taking into
account speaker-specific information: an early automatic cue-driven process, and a later mentalizing
process (Kronmuller & Guerra, 2020).

Taking the perspective of a character in narrative discourse appears to be a rather different
phenomenon from taking the perspective of an interlocutor in a conversation. Still, both types of
perspective taking may overlap in the cognitive processes involved, as both rely on Theory of Mind
abilities (e.g. Apperly, 2010; Ferguson et al., 2015) and the suppression of a default (ego- or narrator-
centric) perspective (Koder et al., 2015). Therefore, it is conceivable that perspective taking in narrative
comprehension, too, involves a later adjustment process requiring mentalizing abilities (in line with
the perspective adjustment model), and/or is characterized by cue-driven competition between the
character’s perspective and the comprehender’s own perspective during processing (in line with the
constraint-based model).

Narratives often contain contextual cues that may influence the extent to which readers take a
character’s perspective. Narratologists and theoretical linguists typically point to a few distinct
grammatical devices of reported speech and thought as encoding such shifts from the narrator to the
character perspective (e.g., Banfield, 1982; Fludernik, 2003; Schlenker, 2004; Eckardt 2014).
Researchers in cognitive linguistics and stylistics, by contrast, favor a more fine-grained and inclusive
approach, distinguishing a variety of more or less subtle cues for perspective shifting and different
varieties and degrees of perspective mixing and blending (e.g., Vandelanotte, 2009; Dancygier, 2011;
Dancygier et al., 2016). In this paper, we restrict attention to two specific grammatical report
constructions for which it is unanimously agreed that they induce (a high degree of) perspective
shifting: DD and FID. In DD (1b), the (internal) speech of the third-person protagonist (‘she”) is quoted.
The FID variant in (1c) lacks the reporting frame. Nonetheless, it is still recognizable as a report of
what a third-person story character is thinking in that, while the verb tense reflects the neutral point of
view of the narrator, everything else reflects the subjective point of view of the character. The presence
of expressive elements and constructions in the context of a third-person narrative is considered a signal
for readers to shift to the character’s perspective (Banfield, 1982; Fludernik, 2003). There is also some
experimental evidence that confirms that expressive FID cues like epithets (e.g. ‘the jerk’) can boost
shifting to the perspective of an individual other than the speaker/narrator (Kaiser, 2015).

The effect of different perspective-shifting devices on readers’ narrative perspective taking has
been investigated empirically. In a questionnaire study, Salem et al. (2017) explored the extent to which
the narrative mode, e.g., first-person narration or FID, increased the likelihood of imagining the story



from the character’s spatial perspective. According to their findings, FID did not affect this likelihood.
In a different study, Sato et al. (2012) compared omniscient third-person narration, which includes
descriptions of characters’ mental states, with “objective” third-person narration, in which only
situations that can be externally observed are described. They found that narrative style affects whether
readers imagine a scene from an external perspective or from “within” the character’s perspective.
However, there are few studies on the real-time processing of perspective shifts and specifically of FID
(see Salem et al., 2018; Meuser et al., 2020). In this paper, we explore the real-time unfolding of
narrative perspective shifting in DD and FID. In addition to investigating how readers ultimately
resolve perspective-sensitive referring expressions, we crucially also use real-time measures to look
into the cognitive process of reference resolution in perspective-shifting environments.

3. Predictions

We hypothesize that listeners do not automatically take the perspective of a narrative character when
processing perspective-ambiguous referring expressions: On the one hand, different perspectives may
be in competition, and listeners may eventually interpret the referring expression from their own or the
narrator’s perspective. On the other hand, perspective taking may be a late cognitive process, in which
case the referring expression is initially processed from the listener’s or narrator’s perspective, even if
the character’s perspective is eventually selected. We therefore predict that, in the absence of explicit
linguistic cues, listeners will often select the object that matches the description in the referring
expression from their own or the narrator’s perspective. If they do eventually select the object matching
the character’s perspective, we predict that the presence of a competing perspective will cause longer
reaction times, and mouse movements will initially go towards the object matching the listener’s or
narrator’s perspective. We further hypothesize that perspective-shifting cues that mark FID and DD
will boost the listener’s disposition to adopt the character’s perspective: as compared to ND, listeners
will be more likely to resolve perspective-ambiguous referring expressions in DD and FID to referents
that are visually accessible to the character whose thoughts are being reported. In addition, since the
reporting frame (‘she thought’) in DD makes perspective shifting explicit, we take it to be a stronger
cue for perspective shifting than FID, which lacks this overt frame. Hence, we hypothesize that
character-oriented interpretations of referring expressions are easier to get in DD than in FID. We
therefore predict listeners to have a more direct mouse trajectory towards the character-accessible
referent and shorter reaction times in the DD than in the FID condition, which in turn has straighter
and faster trajectories compared to ND.

4, Materials and methods

4.1 Participants

Sixty-five participants (40 males, 24 females, 1 non-binary; mean age 29.1 years, range 18-75) were
recruited via Prolific. Fifty participants used an external mouse, while 15 used a touchpad or
touchscreen. Three participants were left-handed. Fourteen participants reported playing video games
every day, 16 never played video games, with the remainder being occasional players. Participants
were paid 4 GBP (~4.62 EUR) for their participation.

4.2 Materials

Twenty-four sets of visual stimuli were created, drawn by the second author. Each stimulus consisted
of a narrative character in the center of the scene, in front of a barrier (a brick wall, a paneled wall or
a paravan) obscuring the character’s view behind them. Six objects were depicted around the character.
In the Shared condition, three objects of the same type but of different sizes, i.e. a big one, a middle-
sized one and a small one, were placed in front of the character, such that they were all in the character’s
view. In the Non-shared condition, one of these objects (either the biggest or the smallest one,



depending on the expression used in the story) was placed in the middle slot behind the barrier. Left
and right position of the character-accessible and character-inaccessible objects was counterbalanced
across items. The remaining three slots were filled by distractor objects that were always of the same
type and the same size.

Each visual stimulus was accompanied by an audio fragment of a narrative in the past tense,
recorded by the last author. The fragment consisted of four sentences (example (1)). The first sentence
introduced the character, avoiding to suggest any movement by the character, as that might have
suggested that the character had just come from behind the barrier. The second sentence introduced the
relevant objects by a plural definite noun phrase. The third sentence was the critical sentence, referring
to one of the objects with a modified definite noun phrase (either ‘the small X’ or ‘the big X’). In the
FID condition, this sentence additionally started with an exclamative interjection (e.g. ‘uh oh!’), and
the sentence was read in a more emphatic voice, while retaining the past tense of the finite verb. The
DD condition made this sentence a full quotation, starting with a reporting clause (e.g. ‘she thought’),
followed by a shift in prosody and the finite verb in the present tense. The final sentence in each
narrative was a varying closure statement, intended to give the participant time to move their mouse
until they found the correct object.

We also created 27 fillers in order to distract participants from the purpose of the experiment, three
practice items, and four “calibration” items, which were intended to clarify to the participants that the
objects behind the obstacle were hidden from the character’s view.

4.3 Procedure

The experiment was programmed in PennController for Ibex (Zehr & Schwartz, 2018;
https://doc.pcibex.net/), and conducted on the web. Participants were recruited via Prolific, where they
were first asked to provide their informed consent. Next, they were asked what type of mouse they
were using (mouse or trackpad).! Participants were then told that they would listen to short stories
while looking at scenes depicting a human character and several objects. They were instructed to click
on the object they thought the story was about as quickly as possible and to choose intuitively by
moving their mouse immediately as soon as they knew which object was referred to, before the end of
the story. Participants first went through the “calibration” and practice phases before the main
experiment started.

Each trial started with the visual scene being presented. After a delay of 1500 ms, which was
implemented to encourage participants to briefly inspect the scene, the start button appeared at the
bottom of the screen. As soon as the participant clicked this button, the audio was played and the
participant’s mouse movements were tracked. Each clickable object was highlighted by a semi-
transparent colored square. As soon as participants clicked an object, a dashed outline appeared around
it. Participants could still change their mind and click on a different object until the end of the audio.
They received a warning message if they clicked an object before the critical noun phrase had been
uttered or after the audio had already finished. Fifteen seconds after the start button was clicked, the
experiment progressed automatically to the next trial.

At the end of the experiment, participants were asked what they thought the experiment
investigated. Only four participants wrote they thought it was about taking the perspective of the
character. The whole experiment took about 20 minutes on average.

4.4 Design and analysis
Crossing the factors Sharedness (Shared, Non-shared) and Discourse type (ND, FID, DD) resulted in
a 2x3 within-participants and within-items design. The items were distributed over six lists according

luse ofa phone or tablet was blocked by the software.
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to a Latin Square design, such that each item on a list was presented in only one condition. Within a
list, items were ordered quasi-randomly. Participants were randomly assigned to one of the lists.

We investigated the effects of our conditions on several measures: First, we examined which object
(character-accessible or character-inaccessible) was clicked.? Second, we measured the reaction time
(RT) from the offset of the critical NP to the selection of the chosen object. Third, we investigated
three common mouse tracking measures (Freeman & Ambady, 2010): (a) the Area Under the Curve
(AUC), which is the geometric area between the actual trajectory and a straight line from start to end
point; (b) the maximum absolute deviation (MAD), which is the furthest perpendicular distance from
the actual trajectory to a straight line from start to end point; and (c) the number of directional changes
along the x-axis (x-flips). Both AUC and MAD are measures of spatial attraction towards an object,
and hence are informative of the amount of competition between potential referents (Freeman &
Ambady, 2010; Tomlinson et al., 2013). The number of x-flips is a measure of complexity within the
trajectory, and may also be informative of competition (Freeman & Ambady, 2010).

We analysed our data in R 4.0.3 (R Core Team, 2020), using the mousetrap package (Kieslich &
Henninger, 2017) and the Ime4 package (Bates, Machler et al. 2015). Object selection was analyzed
using logistic mixed effects models. For the RT and mouse tracking analyses, selections of the
character-accessible object and character-inaccessible object were analyzed separately. Log-
transformed RTs, AUC and MAD were analyzed using linear mixed effects models, and x-flips were
analyzed using poisson mixed effects models. Sharedness and Discourse type were always included as
fixed factors, and were centered to reduce collinearity. We started out with by-participant and by-item
random intercepts as well as by-participant and by-item random slopes for Sharedness and Discourse
type, aiming at the maximal random effects structure justified by the data (Barr et al., 2013). In case of
non-convergence, we used model selection to simplify the random effects structure, starting with
random slopes that had the lowest variance (Bates, Kliegl et al., 2015). The best model was determined
on the basis of model comparison using a likelihood ratio test and AIC. Significance of predictors in
the linear mixed effects models was determined using the ImerTest package in R (Kuznetsova et al.,
2017).

5. Results

We excluded trials in which an object was selected before the offset of the critical NP (N=193). We
additionally excluded trials where object selection occurred either above or below 2.5 standard
deviations from the mean log-transformed reaction time of a character-accessible or a character-
inaccessible object selection (N=30). Finally, we excluded trials in which participants selected a
distractor object (N=4) or in which no object was selected before the end of the audio (N=2). This left
1331 object selections for analysis.

5.1 Object selection

Figure 2 shows the proportion of selections of the character-accessible and character-inaccessible
objects. If participants would always shift to the character’s perspective in the narratives, one would
expect them to always click on a character-accessible object. Clearly, this was not the case: in the Non-
shared condition, participants selected the character-inaccessible object about 60% of the time.
Surprisingly, neither an FID nor a DD context seemed to influence this choice. This was confirmed by
a non-significant effect of Discourse type (DD: p =.49, FID: p =.33) on the likelihood of selecting the
character-accessible object.®

2 We only counted first selections, i.e. if participants clicked more than once within a trial, we ignored the later selections.
The distribution of final selections was very similar to that of first selections.

3 We only included choices from the Non-Shared condition (N=648), given that in the Shared condition there was no
character-inaccessible object. Our final model included only random intercepts for participants and items.
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Figure 2. Proportion of clicks on the character-accessible and character-inaccessible object, across
the Shared and Non-shared conditions and the three discourse contexts.

5.2 Reaction times
Figure 3 shows the mean RTs from the offset of the critical NP, for selections of the character-
accessible object (N=936) in the Shared and the Non-shared condition, and the mean RTs for selections
of the character-inaccessible object in the Non-shared condition (N=395). The final model included
the fixed factors Sharedness and Discourse type and their interaction, by-participant and by-item
random intercepts, and a by-participant random slope for Sharedness. Although RTs in the Non-shared
condition were numerically longer than in the Shared condition, in line with our predictions, this
difference did not reach significance (p = .08). However, there was a significant main effect of
Discourse type: DD had significantly shorter reaction times than ND (B = -0.18, SE = 0.09, t = -2.09 ,
p = .04), while FID did not seem to influence participants’ reaction times significantly (p = .21). This
suggests that the overt perspective-shifting cues of DD facilitated listeners to shift to the character-
accessible object. The interaction between Sharedness and Discourse type was not significant (FID vs
ND: p = .48; DD vs ND: p = .85), suggesting that the effect of the perspective-shifting cues did not
depend on whether perspective between listener/narrator and character was shared or not.

In the character-inaccessible object selections, Discourse type did not have a significant effect on
RT (DD: p = .44, FID: p =.89), indicating that DD and FID did not affect ease of processing (rightmost
graph of Figure 3).
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Figure 3. Mean RTs from the offset of the critical NP to the selection of the character-accessible or
character-inaccessible object, by Sharedness and Discourse type conditions. Error bars reflect
standard errors.

5.3 Mouse trajectories

Mouse trajectories were extracted from the raw data, keeping only mouse positions between the offset
of the critical NP and object selection. Since participants’ screen resolutions varied, we scaled all
mouse coordinates to a 1056x477 pixel canvas. Next, all trials with fewer than two logged mouse
positions (N=135) were excluded, leaving 801 trials for analysis. Trajectories towards the character-
accessible object were remapped to the left side, and trajectories towards the character-inaccessible
object were remapped to the right side. Finally, the trajectories were time-normalized (Kieslich et al.,
2018; Spivey etal., 2005), such that there was an equal number of time stamps (101) for each trajectory.
The resulting mouse trajectories for the trials in which participants eventually selected the accessible
object, averaged by participant, are shown in Figure 4. The patterns for the different conditions clearly
suggest more uncertainty in the Non-shared condition (top of Figure 4) than in the Shared condition
(bottom of Figure 4). Furthermore, at the offset of the critical NP in the Non-shared condition, the
mouse is closer to the eventually selected object in DD than in FID, and much closer than in ND. This
suggests that the initial DD cues help participants to already move their mouse towards the character-
accessible part of the scene. These participants seemed to even be sensitive to the more mixed cues of
FID. The mouse-tracking starting points in the Non-shared condition in Figure 4 thus show the same
pattern as the RTs in Figure 3. After the starting points we seem to also see most uncertainty in ND,
then FID, then DD, suggesting that the perspective-shifting cues indeed help participants quickly select
the character-accessible object.
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Figure 4. Time-normalized mouse trajectories in trials where participants selected the character-
accessible object, from the offset of the critical NP to the first object selection, by Sharedness and
Discourse type condition. Dashed lines represent the excluded mouse movements from the start of
mouse tracking until the offset of the NP.

The analyses of the three mouse-tracking measures showed a mixed pattern, however. AUC and
MAD did not show significant effects of either Sharedness or Discourse type, probably because
variance was very large. The number of x-flips, on the other hand, did reveal a significant effect of
Sharedness (p = 0.49, SE = 0.20, t = 2.50, p = .01): there were more directional changes along the x-
axis in the Non-shared (1.1 on average) than in the Shared condition (0.6 on average). This main effect
was qualified by a significant interaction with Discourse type (B = -0.56, SE = 0.27, t = -2.08, p = .04),
suggesting that the effect of Sharedness was driven by the ND condition, which showed 1.5 x-flips in
the Non-shared condition, as compared to 0.9 in both FID and DD conditions.

Because the overall number of x-flips was still rather low in this short time frame, we also examined
a more fine-grained measure of uncertainty in the mouse trajectories: sample entropy. Sample entropy
quantifies the certainty with which sequences of mouse positions along the x-axis can be predicted
given previous sequences, with higher values expressing more uncertainty and 0 expressing absolute
certainty (Hehman et al., 2015). The results for sample entropy looked very similar to those of the
number of x-flips, with higher entropy in the Non-shared condition (0.06) than in the Shared (0.04),
especially in the ND condition (Non-shared: 0.08). The main effect of Sharedness was significant (B =
0.03, SE = 0.01, t = 2.48, p = .02), but the interaction with Discourse type did not reach significance
(FID vs ND: p =.12; DD vs ND: p = .46). Together, these results suggest that participants were more
uncertain when the best-fitting referent was visually inaccessible to the character than when all possible
referents were shared between listener and character, and possibly more so when no overt cues were
present to suggest that the story should be interpreted from the character’s perspective.

6. Discussion

We conducted a web-based mouse-tracking study in order to explore the time course of resolving
perspective-ambiguous referring expressions in narratives, and investigated how different perspective-
shifting cues affect listeners’ narrative perspective taking. Participants’ offline responses confirmed

10



our hypothesis that referring expressions in narratives are often interpreted from the narrator’s or the
listener’s own visual perspective: participants selected the character-inaccessible object 60% of the
time in the Non-shared condition. In those cases in which participants did select the character-
accessible object, reaction times were numerically (but not significantly) longer in the Non-shared than
in the Shared condition, and the Non-shared condition showed more uncertainty in the mouse
trajectories than the Shared condition. These results indicate that the observer’s perspective competes
with the character’s perspective during reference processing.

We further hypothesized that the perspective-shifting cues included in our FID and DD conditions
would facilitate a character-oriented interpretation of the referring expressions. Surprisingly, however,
the presence of FID or DD cues did not increase the proportion of character-accessible object
selections. Still, the RT results showed that DD cues caused participants selecting the character-
accessible object to make their selection significantly faster, indicating that perspective-shifting cues
can facilitate reference processing by guiding the listener to a set of character-accessible referents. The
FID condition did not have the same effect, which is in line with FID being a mixed form of direct and
indirect discourse features.

Our mouse-tracking analyses of character-accessible object selections showed a slightly different
pattern: the uncertainty in the Non-Shared condition (at least as evidenced by the increase in x-flips)
was more pronounced in the ND condition, where perspective-shifting cues were absent, than in both
the FID and the DD conditions, suggesting that people were also aided by the more mixed perspective-
shifting cues. Even so, there seemed to be quite some individual variation, especially in our analyses
of AUC and MAD.* To investigate this individual variation further, we briefly examined whether we
could detect separate strategies in individual participants. We observed that nine out of 65 participants
never selected the inaccessible object in the Non-shared condition, whereas 20 participants consistently
chose the inaccessible object. This suggests that almost half of the participants employed a particular
strategy for handling the task: either consistently take the character’s perspective or pick the objectively
best-fitting referent. It is possible that the participants that exclusively chose the character-accessible
objects may not be sensitive to the different perspective-shifting cues, precisely because they tend to
always take the character’s perspective. The rather large group of participants who always selected the
objectively best-fitting referent might not have paid attention to the obstacle or considered all depicted
objects as visible to the character.> Alternatively, they might have seen the referential task as a game,
in which they had to find the “correct answer”, and in which any perspective-taking cues were
considered distractors to mislead them in finding the objectively correct answer. If this is the case, it is
interesting to look at the mouse trajectories for the inaccessible object selections, to see if participants
who ignored the character’s perspective may still be sensitive to the presence of perspective-shifting
cues. Here, the results for AUC and MAD again do not show any significant effects, and neither does
the number of x-flips. Sample entropy does show that mouse movements towards the inaccessible
object are significantly more uncertain in the FID than in the ND condition. However, the same does
not hold for DD, so it remains unclear how to interpret these results. We are currently investigating
individual strategies in perspective taking more systematically, using a larger group of participants.

One potential confound in our stimuli is that because of the additional perspective-shifting cues,
the auditory stimuli were longer in the FID and DD conditions than in the ND condition. Hence,

4 One possibility is that this large variance partly has to do with the use of different mouse devices. Fifteen out of 65
participants used a laptop touchpad or a touchscreen which may have affected the mouse trajectories. However, excluding
those fifteen participants resulted in quite similar average mouse trajectories.

5 We used participants’ responses to the ‘calibration’ items and the fillers that were completely unambiguous to check
whether some participants might not have done the task seriously (e.g. by always clicking the same selection box without
attending to the stimuli). All participants had high accuracy scores on these items, so it is unlikely that such behavior
contaminated our results.
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participants had more time to find the correct referent in these conditions, which could potentially
explain their shorter RTs after the offset of the critical NP. However, such an effect should occur across
the board, irrespective of which object was selected. As Figure 3 shows, no facilitation effect of the
FID and DD conditions was found when participants selected the character-inaccessible object,
suggesting that the effect in the character-accessible object selections was related to our perspective
manipulation.

In all, our findings provide some support for the hypothesis that listeners can integrate cues about
the perspective of narrative characters quite quickly in their processing of referring expressions: even
before any overt linguistic cues were presented, participants’ mouse movements were already leaning
towards the side of the scene accessible to the character, and the presence of especially direct discourse
cues only reinforced this tendency. At the same time, mouse movements still showed some increased
uncertainty in an ambiguous referential context without any overt perspectival cues, which suggests
that the character’s perspective received competition from the observer’s perspective. These findings
are more in line with models of language processing that allow for the influence of all kinds of
contextual and pragmatic factors in the earliest stages of language processing (e.g. Brennan & Hanna,
2009), than with models that assume that perspective information only comes into play in a late
processing stage (e.g. Epley et al., 2004; Kronmuller & Guerra, 2020). Still, it is striking that there
were many cases in which referring expressions were resolved to the character-inaccessible object,
suggesting that perspective information was ignored altogether. Future research should reveal whether
this is a task effect, or whether this is a genuine language processing strategy employed by certain
comprehenders.

Furthermore, our results are compatible with research stressing the facilitating role of DD in
narrative contexts (Koder & Maier, 2018). Findings for FID are less conclusive regarding its role in
perspective shifting. This may be due to large individual variation regarding the sensibility to literary
cues such as FID, and is in line with views regarding this kind of construction as ambiguous (see Bray,
2007). Yet, we believe that evidence from the mouse trajectory patterns reveals a processing difference
that can be rendered more transparent in future research with further methodological refinements.
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