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ARTICLE INFO ABSTRACT

Keywords: While listening to an audiobook, listeners’ attention may shift between the text and self-generated thoughts
Eye movements occurring during mind-wandering. Despite the growing use of audiobooks, little is known about how listeners
Audi"b[_mk process text when listening to it. The present study investigated the types of thought patterns that listeners have
;?E:‘::;dermg while listening to an audiobook, and whether and how these are reflected in eye movements. Participants
Narratives (Nstudy1 = 63, Nstudy2 = 58) listened to an audio recording of a novel and responded to a 13-item mind-

wandering questionnaire and a simple memory question 30 times during the listening task. In study 2, partici-
pants’ eye movements were also recorded while they looked at a fixation cross on a screen. A principal com-
ponents analysis (PCA) of the mind-wandering questionnaire responses produced four components in Study 1,
and three components in Study 2. Three components were replicated across the two studies: Immersion, Mind-
wandering, and Sub-vocalization. We then examined how these thought patterns were reflected in eye move-
ments in Study 2 including: fixation duration, fixation count, fixation dispersion, saccade amplitude, blink
duration, and blink count. The results showed that higher levels of immersion was characterized by fewer and
less dispersed fixations on the screen, shorter saccades, and longer blinks. Mind-wandering was related to more
dispersed fixations. Sub-vocalization resulted in more fixations, higher dispersion across the screen, and more
blinks. The results suggest that eye movements reflect shifts in attentional focus while listening to a literary text.
The results provide important information about the processes underlying literary experience.

1. Introduction

While reading or listening to a literary text, people frequently
experience feeling transported into the story world (Gerrig, 1993; Green
& Brock, 2000; Kuijpers et al., 2014; Ryan, 2001). This phenomenon of
transportation, also called immersion (e.g., Ryan, 2001) or story ab-
sorption (Kuijpers et al., 2014), is typically associated with listeners
focusing their attention to the content of the text, such as wondering
what will happen next, empathizing with the characters, or wondering
how a particularly bad event could have been avoided. As such, this
immersion into the story world often includes vivid imagery (e.g.,
feeling like you're there), as well as stronger emotional content (e.g.,
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suspense when wondering how the story will end; Appel et al., 2015).
Immersion has also been shown to be associated with more positive
emotions (Meéziere et al., 2025), and to lead to better text comprehen-
sion (Lange et al., 2022). The focus of attention inward and on task-
relevant thoughts (i.e., related to the text), which is characteristic of
immersive experiences, is accompanied with a diminished attention to
the external world such as not being able to keep track of time or
respond to story-irrelevant stimuli.

On the other hand, it is also common for listeners to experience in-
ternal distractions such as mind-wandering, that is instances where the
attention is not focused on the text content but elsewhere such as
wondering what you will have for dinner or thinking about a
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conversation that happened earlier. Such mind-wandering episodes are
extremely common as research suggest they may occur as often as 68%
of the time while listening to an audiobook (Faber et al., 2020). In these
episodes, attention is decoupled from the stimuli (i.e., the text), which
has been associated with poorer task performance such as poorer text
comprehension during both silent reading and listening to text (Varao
Sousa et al., 2013; 2018).

Most research carried out on immersion and mind-wandering during
the processing of literary text has been done on reading (e.g., Eekhof
et al., 2021; Lei et al., 2023; Méziere et al., 2025), and very little is yet
known about the types of thoughts readers have while they listen to a
literary text like an audiobook (however see, Kosch et al., 2024; Poly-
chroni et al., 2022). The present study therefore aims to identify the
kinds of thoughts readers have while listening to a novel (see Mulhol-
land et al., 2023) and uses eye-tracking to examine how these thought
patterns are reflected in eye movement behavior. This will provide in-
formation on how focusing of attention on internal, self-generated
thoughts vs. text stimuli during a listening task are coupled with vi-
sual processing.

1.1. Attention while listening to narratives

In the present study, we will use the term immersion when referring to
subjective experiences that some authors have called transportation
(Gerrig, 1993; Green & Brock, 2000) or story absorption (Kuijpers et al.,
2014). When a reader or listener is immersed into the story world, their
attention is fully focused on the content of the text such that they may
express a feeling “like being there” and they typically experience strong
emotions and vivid imagery (Gerrig, 1993; Green & Brock, 2000;
Kuijpers et al., 2014; Ryan, 2001). The listener may thus have vivid
image representations of the characters or events, empathize with the
characters, wonder how an unpleasant turn of event could have been
avoided, or feel suspense about how the story is going to end. Critically,
all these thoughts are triggered by and related to the events and the story
world that are being described and are characterized by focused atten-
tion on the text content. Previous work suggests that immersion is
indeed characterized by increased attention to the story and disengaged
attention from the external environment. For example, Bezdek and
Gerrig (2017) found that when watching narrative film clips, partici-
pants were slower to respond to an unrelated sound probe when they
were immersed, thus indicating their lack of attention to stimuli outside
of the narrative content. Using auditory narratives, Ballenghein et al.
(2023) found that emotionally arousing story content, specifically
erotica, induced immersion and captured listeners’ attention more than
neutral story content, as indicated by a steeper reduction in postural
sway during the listening task. Such focused attention has also been
linked to positive emotions such as enjoyment of the text and has been
shown to be positively associated with text comprehension (Lange et al.
2022), possibly due to this higher attentional focus on the content of the
text leading to a more detailed and accurate mental representation of the
text content.

On the other hand, another common experience while listening to
audiobooks is mind-wandering, in which the attention is focused on
internal, text-unrelated thoughts. During mind-wandering, attention is
decoupled from the text content, which typically leads to worse per-
formance on the task at hand (Bonifacci et al., 2023; Varao Sousa et al.,
2013; Varao-Sousa et al., 2018). According to the cascade model of
inattention (Smallwood, 2011), this lack of attention on the text also
leads to a poorer representation of the text content, which explains the
poorer performance on text comprehension measures.

Hence, while little is yet understood about the types of thoughts that
listeners experience while listening to an audiobook, previous research
posits that they are likely to experience at least two types of thoughts,
namely immersion and mind-wandering. Immersive episodes should be
characterized by attention focused on the text content, as well as higher
enjoyment, stronger emotions, and possibly better comprehension of the
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text. On the other hand, mind-wandering should be characterized by
thoughts unrelated to the task at hand and lead to poorer comprehension
outcomes. One way to investigate these differences in cognitive pro-
cesses such as where the attention is allocated is through the use of eye-
tracking.

1.2. Eye-movement behaviour while listening to narratives

Attention and thought patterns experienced while processing literary
narratives have primarily been studied in the context of reading. As of
today, very little work has been done looking at the relationship be-
tween eye-movement behaviour and literary text processing when
listening to the text rather than reading it. Hence, little is known about
what readers experience while listening to audiobooks (Kosch et al.,
2024). Nevertheless, a handful of studies have investigated the rela-
tionship between eye movements as indicators of attention and common
thought patterns experienced by readers such as immersion or mind-
wandering.

In a study on listening of literary narratives, Kaakinen and Simola
(2020) examined the relationship between immersion and eye-tracking
measures reflecting engagement namely pupil size and blink rates. In
their study, participants listened to extracts from Stephen King short
stories that either contained horrific or neutral events. They found that
participants experienced more immersion while listening to the horror
extracts compared to the neutral ones, and that immersion was associ-
ated with lower blinking rates and stronger pupil size fluctuation
reflecting higher engagement with the text. This suggests that immer-
sion is characterized by higher attention on the text content, and that
eye-movement measures do reflect these differences in cognitive
engagement between immersive and non-immersive episodes while
listening to text.

In a recent study, Lange and colleagues (2022) examined the rela-
tionship between immersion and and eye-movement behaviour while
listening to short extracts from a range of literary works including fiction
and poems. They found that higher levels of immersion into the narra-
tive was associated with lower blinking rates, which reflected the idea
that immersion is linked to higher attention to the narrative (see also
Bezdek & Gerrig, 2017). The results suggests that eye-movement mea-
sures reflecting attentional focus such as blink rates may reflect partic-
ipants’ immersive experiences while they are listening to literary texts.

Another commonly-experienced phenomenon while listening to
literature is mind-wandering, during which attention is decoupled from
the external stimuli or in this case the text. Faber et al. (2020) explored
the relationship between eye-movement behaviour and mind-wandering
in a variety of contexts including listening to an audiobook. In this
condition, participants listened to a passage from Walden by Henry
Thoreau while fixating a fixation cross on a screen. They found that
mind-wandering was extremely common during this task (68.19% of
probes) and was associated with making shorter fixations compared to
instances when the participants’ thoughts were on the text. This result
also suggests that thought patterns such as mind-wandering are reflected
in eye-movement behaviour, which indicates how visual attention is
allocated while listening to a literary text. This is particularly interesting
because comprehending the text during audiobook listening does not
require visual processing (i.e., sampling of the visual environment) in
the same way as reading does (Faber et al., 2018).

Taken together, results from previous work suggest that readers
experience varying types of thought patterns including immersion and
mind-wandering while listening to literary narratives such as audio-
books. In addition, results suggest that eye movements can reflect dif-
ferences in thought patterns while listening to literary texts, even though
listening does not require visual processing. Yet little is known about
how common thought patterns such as immersion and mind-wandering
are reflected in eye-movement behaviour while processing literary texts.
The primary aims of this study are thus: 1) to examine the types of
thoughts listeners have while listening to literary texts; and 2) to
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examine the relationship between these thought patterns and eye-
movement behaviour while listening to literary texts.

2. Aims and research questions

This article investigates the types of thoughts that listeners have
while listening to literary texts such as an audiobook (Study 1), as well
as how these thoughts are reflected in eye-movement behaviour during
listening (Study 2). These two aims are linked to four research questions:

1) What kind of thought patterns do listeners experience while
listening to a literary narrative (i.e., audiobook)?

2) Does text content, and specifically, valence (positive, neutral,
negative) impact the type of thoughts that listeners experience?

3) Do thought patterns influence listeners’ comprehension of the
text?

4) How are these thought patterns reflected in eye movement
behaviour while listening to literary narratives?

Given the limited number of previous studies on this topic, we cannot
make strong predictions about the outcome of the study. However, it is
probable that at least some of the thought patterns found in previous
studies on reading such as immersion (Méziere et al., 2025) and mind-
wandering (Varao-Sousa et al., 2018) will also be experienced by par-
ticipants while listening to the text (Aim 1, RQ1. Similarly, we predict
that some thought patterns will be associated with text valence, as
previous studies have shown that immersion tends to be associated more
with positive texts (RQ2; Ballenghein et al., 2023; Méziere et al., 2025).
We also expect that some thought patterns will be associated with
listening comprehension, as mind-wandering has been shown to nega-
tively impact text comprehension in listening studies (RQ3; Varao-Sousa
et al., 2018). Lastly, we expect that eye-movement behaviour will reflect
differences in attention during listening associated with different
thought types (Aim 2; RQ4). As only a few studies have been conducted
on this topic, our analyses remain exploratory in nature.

3. Study 1: Online experiment
3.1. Method

3.1.1. Participants

Participants were recruited via student email lists, social media, and
word of mouth. In total 105 participants started the experiment; of
these, 63 adult (9 males, 2 non-binary, age range 19-47 years, mean age
24.5 years) native speakers of Finnish completed the experiment. The
sample size was based on previous work using similar materials in a
reading experiment (Méziere et al., 2025). Participants received either a
course credit or a complimentary one-month subscription to an audio-
book service. All participants gave informed consent prior to starting the
experiment.

3.1.2. Text materials and comprehension questions

The text materials consisted of parts of the novel “Memories of the
future” written by Siri Hustvedt (2019) and translated to Finnish by
Kristiina Rikman. This novel was chosen because it is recent and it
contains passages that vary in emotional content (negative, positive, and
neutral), which can be thought to induce different types of thoughts (e.

Table 1
Descriptive statistics for valence, arousal, and length of the target paragraphs.
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g., immersion and mind-wandering). It has also been used in previous
research on thought patterns and eye movements during reading
(Méziere et al., 2025). A pretest was used to assess the emotional valence
and arousal induced by text paragraphs during reading. Pretest partic-
ipants (N = 13) read the text paragraphs one at a time and rated valence
and arousal with self-assessment manikins (SAM; Bradley & Lang,
1994). Based on the pretest, 30 paragraphs (10 neutral, 10 positive, and
10 negative) were selected as target paragraphs (text versions of the
target paragraphs are available in OSF, https://osf.io/u3qhj/overview).
The descriptive statistics of the valence, arousal, and paragraph length
are presented in Table 1. Simple comprehension questions tapping into
the memory for the exact contents of the target paragraphs were created
(e.g. “Was the protagonist happy about the move?”). Participants
responded to the questions by selecting either a “yes” or a “no” response.
An audio recording of the text was created by recording a professional
voice actor (female) read the text aloud. The total duration of the
recording was 1 h 44 min.

3.1.3. Multi-dimensional experience sampling questionnaire

Participants’ thoughts during the listening task were probed with the
Multi-Dimensional Experience Sampling Questionnaire (Méziere et al.,
2025; Turnbull et al., 2019). The questionnaire contained 13 items, and
the first item presented to participants always queried whether the
participant was focused on the task. The rest of the 12 items were pre-
sented in random order. Other items asked about the content of the
thoughts including when (i.e., past, future), and who they were about (i.
e., the participant, other people) as well as the form of thoughts (i.e.,
images or words). Items also included asking how vivid and detailed the
thoughts were, whether they were recurrent in their theme(s), evolving
(i.e., in steps), and spontaneous, as well as the emotional valence of the
thoughts (i.e., positive or negative). Responses were given on a four-
point Likert scale where 1 = not at all and 4 = completely, except for
items tapping into emotions (1 = negative emotion, 4 = positive
emotion) and spontaneity of the thoughts (1 = spontaneous, 4 =
voluntary). Instructions for replying to the prompts and the prompts
themselves are provided on OSF (https://osf.io/u3qhj/overview).

3.1.4. The transportation scale — Short form

Transportation to the story was measured with the Transportation
Scale — Short Form (TS-SF; Appel et al., 2015). The scale contained five
items tapping into the imagery, emotional experience, and engagement
with the narrative, and responses were given on a 7-point Likert scale (1
= not at all, 7 = completely). The scale is available in OSF (https://osf.
io/u3ghj/overview). An average score was calculated across the items,
Cronbach a= 0.84.

3.1.5. Pleasure of listening

Participants rated the pleasantness of the audiobook listening expe-
rience with the SAM valence scale (Bradley & Lang, 1994). Participants
were presented with nine pictures depicting a range of emotional ex-
periences from extremely negative to extremely positive, and they were
asked to choose the one that best described their listening experience.
The responses were coded on a scale 1-9, where 1 = extremely negative
and 9 = extremely positive.

Valence” Arousal® Words Sentences Duration (s)
Paragraph M SD M SD M SD M SD Mean SD
Positive 6.21 0.21 2.89 0.67 84.9 40.24 5.2 3.68 50.4 18.4
Neutral 5.00 0.18 2.85 0.18 89.7 33.77 5.5 2.51 45.1 16.2
Negative 3.74 0.54 3.5 0.37 98.5 24.74 8.2 5.96 42.3 121
All 4.98 1.08 3.08 0.53 91.03 32.85 6.3 4.36 45.9 16.1

a

scale 1-9, where 1 = extremely negative and 9 = extremely positive. > scale 1-9, where 1 = extremely calm and 9 = extremely aroused.
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3.1.6. Procedure

The study protocol was reviewed by the Ethics Committee for Human
Sciences at the University of Turku. The experiment was programmed
with the Gorilla Experiment Builder, and the data were collected on the
Gorilla online platform (www.gorilla.sc; Anwyl-Irvine et al., 2020).
Participants could complete the experiment on their own device (com-
puter or a mobile device) at a time that best suited them.

After giving informed consent, participants were familiarized with
the mDES questions, followed by the listening task. Participants were
instructed that they would be listening to parts of a novel, and that they
would occasionally be asked to respond to the mDES questionnaire and a
simple comprehension question regarding the text. During the listening
task, participants were probed with the mDES and the comprehension
question regarding the previous paragraph after each of the 30 target
paragraphs. A short break was offered in the middle of the experiment.
In the end of the experiment, participants filled in the TS-SF and
responded to the Pleasure of Listening question, and finally responded to
background questions concerning their age, gender, first language, prior
familiarity of the novel, and the number of fiction and non-fiction books
they had read or listened within the previous year. All data, study ma-
terials and analysis code are available at OSF (https://osf.io/u3qhj
/overview).

3.1.7. Data pre-processing and analysis

All analyses were carried out in R statistical software (R Core Team,
2023). To identify participants’ thought patterns during the experiment,
we conducted a principal component analysis (PCA) using the ‘psych’
package with varimax rotation (Revelle, 2024). The number of compo-
nents was determined through parallel analysis using the ‘fa.parallel’
function and visualizing scree plots. The PCA was conducted on par-
ticipants’ responses to the 13 items of the mDES scale (1890 observa-
tions). We examined the reliability of the components by randomly
splitting the dataset in half and running the PCA on each split-half again.
These split-half scores were then compared to the original component
scores by running Pearson correlations, with higher correlation co-
efficients indicating higher component reliability (see Méziere et al.,
2025; Mulholland et al., 2023 for similar methods of estimating
component reliability). The component scores extracted from the PCA
were used in the subsequent analyses.

To examine the relationship between the components and trans-
portation, we ran correlations using the ‘stats’ package (R Core Team,
2023). As we only had one transportation and pleasure of listening score
per participant, we first average participants’ scores for each component
identified in the PCA to obtain one score per component per participant
to run the correlations. We ran Pearsons’s correlations between the
averaged components scores and participants’ responses to the trans-
portation scale, as well as their rating of the pleasure of listening.

To investigate the influence of text valence on participants’ thought
patterns, we ran linear regression models within the Bayesian frame-
work using the ‘brms’ package (Biirkner, 2017; Biirkner 2018; Biirk-
ner,2021) and making inferences based on the 95% credible interval. We
used the Bayesian framework as it puts the focus on the size and degree
of certainty of an effect rather than whether or it not is significant. We
ran a separate model for each PCA component as our outcome variable.
In these models, we included text valence as a fixed effect using neutral
texts as our baseline, and random intercepts for participants and items.
The final model was Component ~ Valence + (1|Participant) + (1|
Item). Post-hoc contrasts between positive, neutral, and negative texts
were examined using the ‘emmeans’ package (Lenth, 2024).

Lastly, we examined the relationship between participants’ thought
patterns and their text comprehension accuracy using linear regression
within the Bayesian framework and making inferences based on the 95%
credible interval. We included comprehension accuracy as our outcome
variable, which was treated as a binary variable (correct = 1, incorrect
= 0), and the component scores from all PCA components as fixed ef-
fects. In addition, we included random intercepts for participants and
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items. The final model was Accuracy ~ Componentl + Component2 +
Component3 + Component4 + (1|Participant) + (1|Item).

3.2. Results

3.2.1. Thought patterns during listening

Results of the PCA identified four components based on the parallel
analysis, explaining 55% of the variance in participants’ responses to the
mDES. The loadings for these components are shown in Table 2. The first
component (“immersion”) was associated with on-task thoughts, and
characterized by specific thoughts, vivid imagery, and generally positive
emotions. The second component (“mind-wandering™) was character-
ized by off-task thoughts about the future and the participant themselves
and tended to be evolving and habitual. Component 3 (“sub-vocaliza-
tion”) was characterized by deliberate verbal thoughts. Finally,
component 4 (“social episodic thoughts”), was characterized by
thoughts about the past and other people. These components are illus-
trated in word clouds in Fig. 1.

Results from the correlations between components scores calculated
from the full dataset and scores calculated from the split-half datasets
indicated very good component reliability with an average correlation
coefficient of 0.96. Reliability was particularly high for the immersion,
mind-wandering, and social episodic thoughts components with co-
efficients of 0.96, 0.96, and 0.97 respectively. Reliability was only a
little lower for the sub-vocalizing component with a coefficient of 0.89.

Correlations between participants’ responses to the transportation
scale and their averaged component scores indicated that immersion
was positively correlated with transportation scores (rs = 0.50, p <
0.001), suggesting that this component is indicative of immersive epi-
sodes. On the other hand, transportation was not significantly correlated
with any of the other components (mind-wandering: rs = -0.16, p =
0.21; sub-vocalization rs = 0.03, p = 0.83; social episodic thoughts: rs =
0.14, p = 0.26).

Similarly, correlations between participants’ mean component
scores and their pleasantness ratings showed that pleasantness was
positively correlated with immersion (rs = 0.39, p < 0.002), but was not
correlated with any of the other components (mind-wandering: rs =
-0.11, p = 0.39; sub-vocalization: rs = 0.10, p = 0.45; social episodic
thoughts: rs = 0.13, p = 0.31).

3.2.2. Text valence and thought patterns
The means and standard deviations of component scores for each text
valence condition are shown in Table 3. Results showed that immersion

Table 2
Study 1: Loadings of PCA Components.
Component Component Component Component
1 2 3 4
Q1: Task 0.47 —0.46 0.19 0.00
Q2: Future —0.01 0.73 —0.03 —0.12
Q3: Past 0.04 0.15 0.02 0.76
Q4: Self 0.01 0.79 0.05 —0.02
Q5: Other 0.20 —0.05 —0.07 0.71
people
Q6: Emotion 0.53 —0.00 —-0.24 -0.27
Q7: Images 0.78 —0.05 —0.11 0.13
Q8: Words —0.20 0.37 0.56 0.06
Q9: Vividness 0.77 —0.05 0.16 0.22
Q10: Specific 0.64 —0.01 0.38 0.23
Q11: Habit —0.01 0.65 0.05 0.26
Q12: Evolving —0.21 0.53 —0.39 0.21
Q13: 0.15 -0.19 0.70 —0.08
Deliberate
SS Loadings 2.25 2.27 1.24 1.42
Proportion of 17.3% 17.4% 9.5% 10.9%
Variance
Cumulative 17.3% 34.7% 44.2% 55.2%
Variance
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Study 1: Word Clouds Illustrating the Thought Components
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Fig. 1. Study 1: Word Clouds Illustrating the Thought Components. Note. Fig. 1 shows word clouds for the four PCA components found in Study 1. Words in red
indicate a positive loading onto the component, and words in blue indicate negative loadings. Word in a larger font indicate higher loadings compared to words in a
smaller font. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 3
Study 1: Mean and Standard Deviation of Component Scores per Text Valence.

Valence Immersion Mind-Wandering Sub-Vocalization Social Episodic Thoughts
Mean SD Mean SD Mean SD Mean SD
Neutral —-0.07 0.98 0.07 0.98 —0.03 1.01 —0.03 0.97
Negative —0.12 1.04 —0.06 1.01 0.04 1.01 0.13 0.98
Positive 0.19 0.95 —-0.00 1.01 —0.02 0.98 -0.10 1.04

scores were lower for both neutral (b = 0.25, CI = 0.49 — 0.02) and
negative (b = 0.30, CI = 0.06 — 0.54) texts compared to positive texts.
There was no significant difference between neutral and negative texts.
There were no effects of text valence on the mind-wandering or the sub-
vocalization component. Lastly, scores for the ‘social episodic thoughts’
component were higher for negative texts compared to positive (b =
0.23, CI = 0.39 — 0.10) and neutral texts (b = 0.16, CI = 0.31—0.02).
There was no difference in the occurrence of social episodic thoughts
between positive and neutral texts.

3.2.3. Thought patterns and comprehension

Participants generally did well on the comprehension questions with
a 75% accuracy on average (range 50% — 100%). The output of the
model exploring the relationship between component scores and their
comprehension accuracy is shown in Table 4. The results show that

Table 4

Study 1: Effect of Component Scores on Comprehension Accuracy.
Predictors Estimate CI (95%)
Intercept 1.40 0.96 - 1.85
Immersion 0.22 0.07 - 0.36
Mind-Wandering —0.23 —0.37 - —0.09
Sub-Vocalization 0.11 —0.01-0.24
Social Episodic Thoughts 0.09 —0.05-0.23

Note. Table 4 shows the estimates and credible intervals (CI) for the relationship
between participants’ comprehension accuracy and scores on the four
components.

higher immersion was associated with higher probability of answering
the comprehension question accurately (b = 0.22, CI = 0.07 - 0 36). On
the other hand, mind-wandering was associated with lower probabilities
of answering the comprehension question correctly (b = -0.23, CI =
—0.37 - 0.09). Scores on the sub-vocalizing and social episodic thoughts
components were not associated with comprehension accuracy.

4. Study 2: Laboratory experiment
4.1. Method

4.1.1. Participants

Participants were recruited via student email lists and word of
mouth. In total 58 participants participated in the experiment (8 males,
age range 19-61 years, mean age 25.5 years). The sample size was based
on another study with similar materials focusing on reading (Méziere
et al., 2025). All participants were native speakers of Finnish. Partici-
pants received either a course credit or a 10€ gift card for participating.
All participants gave informed consent prior to starting the experiment.

4.1.2. Text materials and comprehension questions
The text materials and comprehension questions were identical to
the ones used in Study 1.

4.1.3. Multi-dimensional experience sampling questionnaire
Participants’ thoughts during the listening task were probed with the
Multi-Dimensional Experience Sampling Questionnaire (Turnbull et al.,
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2019), similarly to Study 1.

4.1.4. The transportation scale — Short form

The Transportation Scale questionnaire was used to measure par-
ticipants’ transportation to the story. The scale is identical as the one
used in Study 1. An average score was calculated across the items,
Cronbach a= 0.81.

4.1.5. Equipment

The eye-tracking data were collected monocularly using a EyeLink
1000+ (SR Research), with a sampling rate of 500 Hz. Eye-tracking
features including fixations and saccades were computed online with
the EyeLink algorithm for fixation detection using the cognitive research
settings (see EyeLink 1000 + manual for details). Participants were also
fitted with a target sticker on their forehead which is used by the eye-
tracker to find their head and pupil. EEG data were also collected
simultaneously with a NeurOne system (Bittium Bisignals Oy) with a 64-
channel cap, but these results will be reported elsewhere. During the
listening task, a fixation cross was presented on a grey background
(RGB: 254, 254, 254) at the center of the screen on a 21" computer
screen with 1920 x 1080 resolution and 144 Hz. The screen was placed
at a viewing distance of about 70 cm from the chair.

4.1.6. Procedure

The experiment took place in a dimly-lit and sound-proof room.
Participants were first sat in a comfortable chair and fitted with a 64-
channel EEG cap. Once the EEG cap was set up, participants were
given headphones, and the sound was tested to ensure a comfortable
listening volume. Then, to collect the eye-tracking data, participants
were fitted with a target on their forehead prior to calibration and data
collection as no headrest or chin-rest were used. The experiment was
divided into two sessions to provide the participants with a short break
half-way through. The EEG and eye-tracking data were collected
simultaneously from all participants in both sessions. Each session
started with a 9-point calibration, and stimuli presentation started
immediately after. Participants were instructed to listen to the audio-
book, and to look at a fixation cross placed in the middle of the pre-
sentation screen. As in Study 1, participants were prompted 30 times in
total (15 times per session) with the mDES questionnaire about the
content of their thoughts and answered a comprehension question about
the content of the previous paragraph with a yes/no answer. The
prompts occurred at semi-random intervals every 3.5 min on average
with listening times ranging from around 2 to 6 min between prompts.
At the end of experimental sessions, participants completed the trans-
portation scale, a questionnaire about their reading experience and
habits, and their familiarity with the novel. In total, the testing session
took about three hours. The procedure for the experiment is illustrated
in Fig. 2. All data, study materials, and analysis code are available at:
https://osf.io/u3ghj/overview.

4.1.7. Data pre-processing and analysis
All analyses were carried out in R statistical software (R Core Team,
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2023). To identify participants’ thought patterns during the experiment,
we conducted a PCA using the ‘psych’; Revelle, 2024 with varimax
rotation (1691 observations). The number of components was deter-
mined using parallel analysis, and component reliability was checked
using split-half correlations. This analysis was conducted in the same
manner as for Study 1 as described above. The component scores were
then used in the other analyses.

Like in Study 1, we then examined the relationship between the
components and transportation by running Pearson’s correlations be-
tween the averaged component scores and participants’ responses to the
transportation scale, as well as their rating of the pleasure of listening. In
addition, we examined the relationship between component scores and
participants’ accuracy in responding to the comprehension questions.

We then investigated the relationship between component scores and
eye-movement behavior by running linear mixed models within the
Bayesian framework using the ‘brms’ package (Biirkner, 2017, 2018,
2021) and making inferences based on the 95% credible interval. We
used the Bayesian framework as it puts the focus on the size and degree
of certainty of an effect rather than whether or it not is significant. Prior
to analysis, eye-tracking data were cleaned based on visualization of the
eye movements during the trials, such that trials with too much data loss
(e.g., no pupil detected) were excluded from further analysis (2.4% of
eye-tracking data). From this data, we computed six eye-movement
variables: (1) average fixation duration (in ms), (2) number of fixa-
tions, (3) fixation dispersion (mean Euclidean distance between the
fixation-cross and the average fixation position in that trial/analysis
window); (4) saccade amplitude (degrees), (5) blink duration (mean
duration of blinks in ms); and (6) number of blinks. These measures were
extracted from the analysis reports from DataViewer (SR Research). For
the analysis, eye-movement measures were aggregated for the 10 s in-
terval immediately prior to participants answering the prompts. We then
ran a linear model for each eye-movement measure individually. Fixa-
tion duration, fixation dispersion, saccade amplitude and blink duration
were log-transformed prior to modelling to ensure normality. Number of
fixations and blinks were modeled with a Poisson distribution. Each
model included the component scores as fixed effects, as well as random
intercepts and random slopes for participants and items for components.
Each model thus took the following form: eye-tracking measure ~
Componentl + Component2 + Component3 + Component4 +
(Componentl + Component2 + Component3 + Component4 |Partici-
pant) + (Componentl + Component2 + Component3 + Component4 |
Item). As these analyses were mostly exploratory, we used weak priors in
the models.

4.2. Results

4.2.1. Thought patterns during listening

The parallel analysis indicated running the PCA for three compo-
nents. The PCA identified three components which explained 48% of the
variance in participants’ responses to the mDES questionnaire. The
loadings of these components are shown in Table 5. Component 1
(“immersion”) was associated with on-task thoughts, as well as positive
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Table 5
Study 2: Loadings of the PCA Components.
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Table 6
Study 2: Means and Standard Deviation of Component Scores per Text Valence.

Component 1 Component 2 Component 3

Q1: Task 0.57 —0.47 0.08
Q2: Future 0.05 0.61 0.14
Q3: Past 0.19 0.56 -0.19
Q4: Self —0.12 0.64 0.09
Q5: Other people 0.34 0.52 -0.23
Q6: Emotion 0.35 -0.28 -0.10
Q7: Images 0.78 —0.00 -0.20
Q8: Words —0.22 0.21 0.69
Q9: Vividness 0.81 0.05 0.05
Q10: Specific 0.73 0.09 0.22
Q11: Habit —0.00 0.68 0.26
Q12: Evolving -0.23 0.54 —-0.15
Q13: Deliberate 0.13 -0.11 0.70
SS Loadings 2.51 2.49 1.28
Proportion of Variance 19.3% 19.1% 9.9%
Cumulative Variance 19.3% 38.5% 48.3%

emotions and specific and vivid visual imagery. Component 2 (“mind-
wandering”) was associated with off-task thoughts about the future, the
past, other people, the participant themselves, and tended to consist of
habitual and evolving thoughts. Component 3 (“sub-vocalization™)
consisted of deliberate verbal thoughts. The split-half reliability corre-
lations indicated very good reliability of the components with correla-
tion coefficients of 0.99 for all three components. These components are
illustrated in word-clouds in Fig. 3.

Correlations between these components and participants’ responses
to the transportation scale showed that immersion was positively
correlated with transportation (rs = 0.41, p < 0.001). Transportation
scores were not significantly correlated to mind-wandering scores (rs =
0.05, p = 0.07), and were only weakly correlated to sub-vocalization
scores (rs = -0.08, p = 0.003).

Correlations between participants’ ratings of the pleasure of listening
and the component scores showed that pleasantness was positively
correlated with immersion (rs = 0.31, p < 0.001), and weakly correlated
with mind-wandering (rs = 0.08, p = 0.003). Pleasantness was not
correlated with sub-vocalization (rs = -0.04, p = 0.17).

4.2.2. Text valence and thought patterns

The means and standard deviation of component scores for the three
text valence conditions are shown in Table 6. Results showed that par-
ticipants tended to have higher immersion while listening to positive
text paragraphs compared to neutral ones (b = 0.27, CI = 0.51 - 0.01).
There were no other significant effects of text valence on immersion.
There were no significant effects of text valence on the mind-wandering
or the sub-vocalization components.

4.2.3. Thought patterns and comprehension
Participants performed similarly on the comprehension questions as

Valence Immersion Mind-Wandering Sub-Vocalization
Mean SD Mean SD Mean SD
Neutral —-0.13 0.97 0.11 1.02 —-0.09 0.98
Negative 0.02 1.01 0.11 0.95 —-0.04 1.00
Positive 0.16 0.99 —-0.07 1.01 —0.06 0.96

in Study 1 with an average accuracy of 75% correct answers (range 56 —
93%). The output of the model exploring the relationship between
participants’ text comprehension accuracy and their thought patterns is
shown in Table 7. The results showed no significant relationship be-
tween comprehension accuracy and any of the components (all CIs
include 0).

4.2.4. Relationship between thought patterns and eye movements

Outputs of the linear models on fixation duration, number, and
dispersion are shown in Table 8 Results showed no significant effect of
the three components on fixation durations. However, results showed
that participants’ fixations tended to be less dispersed across the screen
when they experienced higher immersion levels (b = -0.11), but more
dispersed when they were mind-wandering (b = 0.04) or during sub-
vocalization (b = 0.05). Similarly, participants made fewer fixations
with higher levels of immersion (b = -0.03). The posterior distributions
of the model estimates are shown in Figs. 4-6.

Outputs of the linear models for saccade amplitude, blink duration,
and blink number are shown in Table 9. Results suggest that participants
made shorter saccades while experiencing higher levels of immersion (b
= -0.04), but that saccade amplitude was not affected by mind-
wandering or sub-vocalizing. Results also show that participants made
longer blinks during immersed episodes (b = -0.03), and blinked more
during sub-vocalizing (b = 0.05). The posterior distributions for the
model estimates are shown in Figs. 7-9.

Table 7

Study 2: Effect of Component Scores on Comprehension Accuracy.
Predictors Estimate CI (95%)
Intercept 1.42 0.95-1.91
Immersion 0.04 —0.10-0.19
Mind-Wandering —0.06 —0.21 - 0.08
Sub-Vocalizing —0.05 —0.20-0.10

Note. Table 4 shows the estimates and credible intervals (CI) for the relationship
between participants’ comprehension accuracy and scores on the three
components.
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Fig. 3. Study 2: Word-Clouds of the PCA Components. Note. Fig. 3 shows word clouds for the three PCA components found in Study 2. Words in red indicate a
positive loading onto the component, and words in blue indicate negative loadings. Word in a larger font indicate higher importance compared to words in a

smaller font.
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Table 8
Study 2: Relationship between Thought Patterns and Fixation Measures.
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Predictors Fixation Duration Fixation Dispersion Fixation Number

Estimate CI (95%) Estimate CI (95%) Estimate CI (95%)
Intercept 5.60 5.43-5.77 8.25-8.63 2.52 2.39 - 2.66
Immersion 0.02 —0.00 - 0.04 —0.11 —0.13--0.09 —0.03 —0.05 — —0.01
Mind-Wandering —0.02 —0.04-0.00 0.02-0.06 0.02 —0.00 - 0.04
Sub-Vocalization —0.00 —0.02-0.02 0.03 -0.07 —0.01 —0.02-0.01

Note. Table 1 shows the model estimates and 95% credible intervals (CI) for the fixation measures.
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Fig. 4. Posterior Distribution of Model Estimates for Fixation Duration. Note. Fig. 4 shows the posterior distribution of model estimates for fixation durations for each
though pattern. The black dot indicates the model estimates, and the black lines correspond to the 95% credible interval.
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Fig. 5. Posterior Distribution of Model Estimates for Fixation Number. Note. Fig. 5 shows the posterior distribution of model estimates for the number of fixations for
each though pattern. The black dot indicates the model estimates, and the black lines correspond to the 95% credible interval.

5. Discussion
5.1. Thought patterns experienced during listening to literary narratives
The first aim of this study was to examine the types of thought pat-

terns participants have while listening to a literary narrative. Based on
previous research, we expected to find evidence of at least two types of

thoughts, namely, immersion and mind-wandering. The PCA results
from both studies 1 and 2 are in line with these expectations and with
previous research. In both studies, we found evidence for a component
resembling immersion, which was associated with task-related thoughts,
as well as vivid imagery and positive emotions (Gerrig, 1993; Green &
Brock, 2000; Kuijpers et al., 2014; Lange et al., 2022; Méziere et al.,
2025; Ryan, 2001). In both studies, immersion component scores were
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Fig. 6. Posterior Distribution of Model Estimates for Fixation Dispersion. Note. Fig. 6 shows the posterior distribution of model estimates for fixation dispersion for
each though pattern. The black dot indicates the model estimates, and the black lines correspond to the 95% credible interval.

Table 9

Study 2: Relationship between Thought Patterns, Saccades, and Blink Measures.
Predictors Saccade Amplitude Blink Duration Blink Number

Estimate CI (95%) Estimate CI (95%) Estimate CI (95%)

Intercept 4.97 4.88 -5.06 4.98 4.86 - 5.09 1.25 1.13-1.37
Immersion —0.04 —0.06 --0.03 —0.03 —0.06 --0.01 —0.01 —0.05-0.03
Mind-Wandering 0.01 —0.01-0.03 —0.01 —0.04-0.02 —0.01 —0.04-0.03
Sub-Vocalization 0.01 —0.01-0.03 —0.03 —0.06-0.00 0.05 0.01 -0.08

Note. Table 9 shows model estimates and 95% credible intervals (CI) for the saccade and blink measures.
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Fig. 7. Posterior Distribution of Model Estimates for Saccade Amplitude. Note. Fig. 7 shows the posterior distribution of model estimates for saccade amplitude for
each though pattern. The black dot indicates the model estimates, and the black lines correspond to the 95% credible interval.

significantly correlated with the transportation and pleasantness scores, which is in line with the interpretation that this component represents
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Fig. 8. Posterior Distribution of Model Estimates for Blink Duration. Note. Fig. 8 shows the posterior distribution of model estimates for blink duration for each
though pattern. The black dot indicates the model estimates, and the black lines correspond to the 95% credible interval.

Immersion

Mind-Wandering

Verbalising

0.05

value

Fig. 9. Posterior Distribution of Model Estimates for Number of Blinks. Note. Fig. 9 shows the posterior distribution of model estimates for number of blinks for each
though pattern. The black dot indicates the model estimates, and the black lines correspond to the 95% credible interval.

immersive episodes (Lange et al., 2022; see also Méziere et al., 2025 for
similar findings with reading).

We also found evidence for a mind-wandering component, associ-
ated with off-task thoughts (Faber et al., 2020) as well as habitual and
evolving thoughts about the future (Méziere et al., 2025). Of the types of
thoughts found in this study, this component most closely resembles
typical mind-wandering, as it loads negatively onto the off-task
dimension of the PCA, in line with previous work looking at mind-
wandering while listening to an audiobook (Faber et al., 2020; Varao-
Sousa, 2013; Varao-Sousa, 2018). This component is highly similar to
the mind-wandering component identified by Méziere and colleagues
(2025) in an experiment using the same methodology (i.e., mDES)
during reading of the same stimuli, such that the mind-wandering
component went beyond the simple dichotomy of on- or off-task
thoughts, and specified that these types of thoughts typically involved
habitual and evolving thoughts about oneself and the future.
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Importantly, this component likely only represents one type of mind-
wandering and may not be representative of other types of mind-
wandering episodes such as task-related or voluntary mind-wandering
(Seli et al., 2018).

We also found evidence for a third component, namely sub-
vocalization which has also been found in previous work looking at
reading of literary texts (Méziere et al., 2025). Sub-vocalization was
associated with deliberate verbal thoughts and is in line with an “inner-
voice” phenomenon previously reported during reading (Kosch et al.,
2024; Méziere et al. 2025), during which the reader is “sounding out”
the text to themselves while reading. During listening, this pattern may
represent focus on the writing itself (e.g., appreciation for the form), or
perhaps on the voice of the narrator, as the sound is already available via
the audiobook. However, more research is necessary in order to better
understand this phenomenon, particularly with regards to listening to
literature, as this component may also be representative of other types of
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thoughts such as voluntary or task-related mind-wandering (Seli et al.,
2018), or be related to specific forms of literary appreciation such as
appreciation for the writing itself (i.e., beauty of the sentences used) for
example.

Lastly, we identified a fourth component in Study 1, namely social
episodic thought, which was associated with thoughts about the past
and other people. Such a pattern is in line with previous work using a
similar methodology looking at reading (Meéziere et al., 2025) and may
relate to thoughts about past events that are similar to the events present
in the narrative (Fabry & Kukkonen, 2019). Contrary to previous find-
ings, this component did not load negatively onto the off-task dimension
of the PCA (Méziere et al., 2025) although it did have the second lowest
loading out of the four components on the “on/off-task dimension”,
hence it is unclear whether this component is identical to the one found
in reading studies or whether it represents a different type of thoughts
specific to the listening modality. However, as this thought pattern is not
well-understood yet, more research is necessary in order to understand
what this though pattern is, how it differs from similar types of thoughts
experienced during reading, and how it may relate to mind-wandering,
text comprehension, emotions, and attention.

Overall, the thought patterns identified in the two studies are highly
similar to the components identified in previous work using the same
stimuli and methodology but while participants were reading the texts
(Méziere et al., 2025), which suggests that, in general, the types of
thoughts readers have while processing literary text may be similar
whether they are reading or listening to the text, particularly with
regards to immersion and mind-wandering.

5.2. Impact of text valence on thought patterns

The second aim of this study was to investigate the relationship be-
tween the emotional valence of a text and the types of thoughts listeners
experience while listening to the text. In both studies, we found that
listeners experienced higher levels of immersion during positive text
paragraphs, which is in line with previous findings for reading the same
text (Méziere et al., 2025), partially in line with previous work sug-
gesting that immersion is associated with both positive and negative text
content (Ballenghein et al., 2023; Kaakinen & Simola, 2020). The dif-
ference with previous work may be due to differences in the types of
passages that were used, as previous work used horror stories which may
be more likely to induce feelings of suspense and hence immersion for
“negative” texts compared to the text used in the current study. This is
further illustrated by the fact that our findings are identical to findings
on reading of the same stimuli whereby only positive texts were found to
elicit higher immersion scores (Méziere et al., 2025). Overall, this
finding is also in line with the idea that immersion is typically associated
with stronger emotional content.

Contrary to previous findings (Méziere et al., 2025), we found no
association between emotional valence and sub-vocalization, although
previous work with the same stimuli found that readers had higher
tendency to sub-vocalize for both positive and negative texts compared
to neutral ones. One plausible reason for this difference is that while the
components are highly similar to each other, they may not represent the
exact same type of thoughts. For example, during reading it may be that
the readers are “sounding out” the text, which is less likely to happen
during listening as the sound of the text is directly available. Hence, it
may be that during listening, this component is representative of task-
related mind-wandering, which may not be influenced by the
emotional valence of the text. However, more research into this
component is necessary to understand whether and how it differs from
the sub-vocalization found in reading research, and if so what such
component(s) represent in terms of reader’s thought content, attention
to the stimuli/task, and emotional processing of the text.

We also found that social episodic thoughts were associated with
negative passages, such that listeners had higher levels of social episodic
thoughts during negative passages compared to both neutral and
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positive ones. This relationship was not found in the reading study
(Meéziere et al., 2025), hence it may again be that this component rep-
resents something slightly different during listening to the text
compared to reading it. Another possible explanation has to do with the
fact that this component was only found in Study 1, in which partici-
pants listened to the book outside of a controlled laboratory setting
which was not the case in study 2 or in Méziere et al.’s (2025) study.
Hence it may be that the occurrence of this component, and the influ-
ence of text valence on its occurrence depend at least partially on both
the modality of presentation (listening versus reading), as well as the
environment (inside versus outside the lab). Prior research also suggests
that listening to an audiobook outside of the lab can influence the
occurrence of different thought patterns such as mind-wandering or
being distracted (Varao-Sousa, 2018). Nevertheless, more research is
necessary to understand this component, and whether and how it is
related to text presentation modality and environment. Overall, the re-
sults of the current study suggests that the types of thoughts that lis-
teners experience while listening to an audiobook is in part influenced
by the emotional content of the text.

5.3. Impact of thought patterns on listening comprehension

The third research question of our study was about whether the type
of thoughts listeners experience would impact comprehension of the text
itself. In Study 1, we found that higher levels of immersion led to better
comprehension scores. These results are in line with previous work
(Lange et al., 2022) and with the idea that as attention is focused on the
content of the text, readers would have a more detailed and accurate
mental representation of the text content thus leading to better perfor-
mance on the comprehension task. Importantly, we did not find such an
effect in the laboratory experiment, Study 2. This may be in part due to
differences between listening to an audiobook outside the laboratory
such as at home or during a walk compared to listening to it in a
controlled laboratory experiment while fixating a fixation cross. Hence,
it may be that being “in the wild” while listening to an audiobook is
more conducive to becoming immersed in the story world, thus
impacting comprehension of the text, compared to being in the labora-
tory, as research suggests that laboratory versus in the wild settings can
impact the types of thought readers have and their comprehension
(Varao-Sousa et al., 2018).

In study 1, we also found that mind-wandering was negatively
associated with comprehension, as higher levels of mind-wandering led
to poorer comprehension outcomes. These results also align with pre-
vious work showing that mind-wandering negatively impacts compre-
hension while listening to text (e.g., Varao-Sousa et al., 2013). This
outcome is also in line with the predictions of the cascade model of
inattention (Smallwood, 2011) whereby off-task thoughts involve
focused attention on stimuli/thoughts other than the text hence leading
to a less detailed processing of the text content and ultimately a less
detailed mental model of the text, thus leading to poorer comprehen-
sion. Interestingly, we did not find these effects in Study 2, which may be
due to differences in the experiment setting, as Study 1 participants
listened to the text in their own time in whatever environment they
chose, while participants in Study 2 were in a controlled laboratory
setting. Indeed, research suggests that mind-wandering and distraction
in particular tends to be higher outside of the laboratory thus leading to
stronger effects of distraction and mind-wandering on comprehension
outcomes (Varao-Sousa et al., 2018). Hence, it may be that participants
from Study 1 were more distracted than participants in Study 2 thus
leading to significant effects of overall inattention (i.e., mind-wandering
or distraction) on their comprehension outcomes. Overall, results from
Study 1 suggest that, at least outside of controlled experiment settings,
thought patterns such as immersion and mind-wandering do impact text
comprehension while listening to a literary narrative.
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5.4. Eye movements reflect inmersion and mind-wandering during
narrative listening

The final aim of the current study was to investigate the relationship
between eye-movement behavior and thought patterns while listening
to an audiobook. These analyses were exploratory in nature, hence we
did not have clear hypotheses as to the presence or direction of this
relationship. Firstly, we found that higher levels of immersion were
associated with fewer and less dispersed fixations, shorter saccades, and
shorter blinks. These findings are in line with related work about im-
mersion while experiencing other forms of art such as music, which
showed that immersion was related to making fewer saccades (Lange
et al., 2017), suggesting that listeners also made fewer fixations. This is
in line with the interpretation that immersion is characterized by
attention being focused on the text content, reflected in eye movement
behavior as less visual exploration (i.e., fewer and more concentrated
fixations). Unlike previous work however we did not find evidence of
lower blink rates as evidence for more focused attention compared to
Kaakinen & Simola (2020) and Lange et al (2017; 2022). Indeed, pre-
vious work suggests that blinking rates are reflective of attention (de)
coupling to the stimuli and has been shown to decrease during immer-
sive episodes, indicating more focused attention to the stimuli such as
literary text (audiobook listening: Kaakinen & Simola, 2020; Lange
et al., 2022) and music (Lange et al., 2017). The difference of our results
and previous studies may come from the difference in methodology
between the studies, as we used PCA on mDES responses to measure
immersion while Kaakinen & Simola used the Transportation Scale short
form (Appel et al., 2015) and Lange and colleagues used the Absorption
Scale short form (Lange et al., 2017; 2022). Indeed, while the immersion
scores from the mDES are correlated with participants’ scores on the
transportation scale, these scores are not identical, which may have
influenced the relationship between blink rates and immersion scores.
However, we did find that immersion was associated with making
shorter blinks, suggesting higher engagement and attention to the text
stimuli. Indeed, while few studies have investigated blink duration as an
indicator of attention de(coupling), Hollander & Huette (2022) recently
showed that longer blink duration is associated with attention decou-
pling, engagement with the task, and mind-wandering in multiple tasks
including reading and listening to text. The inverse relationship found in
our study (i.e., shorter blinks associated with higher immersion) may
therefore reflect readers’ being more engaged and focused on the con-
tent of the text when they are immersed. Taken together, the results are
in line with results from Kaakinen & Simola (2020) and Lange et al.
(2022) as indicating that immersion is linked to more focused attention
on the content of the text.

We also found that higher levels of mind-wandering were associated
with more dispersed fixations, which is in line with the interpretation
that mind-wandering is characterized by less focused attention. These
results are partially in line with Faber et al. (2020) who found a trend for
higher fixation dispersion and shorter fixations for mind-wandering in
their 25-second interval immediately before the prompt. Unlike im-
mersion, mind-wandering was not related to the number of fixations or
saccade length, suggesting that while participants made fixations that
were not focused on the target visual stimuli (i.e., the target is “task-
relevant” in the sense that they are instructed to fixate it while also
listening to the book), the fixations themselves were not necessarily far
apart from each other or more numerous. This is partially in line with
recent work using micro-saccades to investigate mind-wandering, which
found no relationship between micro-saccade rates and mind-wandering
as measured by prompts (Valsecchi et al., 2025), suggesting that the
number or dispersion of fixations across the screen was similar between
on-task and mind-wandering trials. Taken together, these findings sug-
gest that a critical difference between immersion and mind-wandering
may be how closely fixations are to the target visual stimuli as
opposed to how closely fixations are to each other across the visual field
(e.g., the screen). Overall, our results are in line with the idea that mind-
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wandering leads to less focused visual attention while listening to lit-
erary narratives (Smallwood, 2011). However, more research is neces-
sary in order to investigate the relationship between these thought
patterns and attentional focus on task-relevant stimuli including both
visual and non-visual stimuli.

Lastly, we found that sub-vocalization was associated with more
dispersed fixations and blinking more. This suggests that this component
may be linked to attention that is less focused on the text, more similar to
the mind-wandering component. A possible interpretation is that this
component characterizes another form of mind-wandering such as
voluntary or task-related mind-wandering (e.g., focus on the audio
stimuli but not on the visual stimuli). However, as we cannot be sure
what this component represents exactly, more research is necessary to
understand what this component is, and how it relates to attention and
eye-movement behaviour. Overall, the results of this analysis do suggest
that eye-movement measures that reflect attentional focus are related to
different thought patterns that listeners experience while listening to a
literary narrative such as an audiobook.

6. Conclusions

The results from both experiments show that listeners experience a
range of thought patterns while listening to a literary text, including
mind-wandering and immersion. These findings further support the idea
that the typically-used dichotomy of readers/listeners being on/off task
may be too simplistic and does not allow for the full range of thoughts
experienced while processing literary texts. Interestingly, these thought
patterns seem to be relatively consistent both across environment (i.e.,
laboratory versus in the wild), and modality (listening and reading),
although more research is necessary to better understand what these
thought patterns are and how their occurrence/content is impacted by
the environment and reading modality. Lastly, we show that different
types of thought patterns are reflected in eye-movement behaviour,
indicating differences in how visual attention is focused, even when the
task itself does not require visual processing.
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