
Full Length Article

Do eye movements reflect readers’ thoughts during reading? 
Evidence from multidimensional experience sampling and 
eye movements
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A B S T R A C T

While reading narrative texts, readers’ attention often fluctuates from the text (e.g., immersion) 
to text-unrelated thoughts (e.g., mind-wandering). Research on mind-wandering and immersion 
suggests that they influence the reading process differently. In this article, we examine the types 
of thoughts readers have while reading a literary text. Specifically, we investigated the effect of 
immersion and mind-wandering on eye-movement behaviour during reading. Fifty-six partici
pants read extracts from a novel while their eye-movements were monitored. Participants’ 
thoughts were probed using multidimensional experience sampling. We identified four types of 
thought: Immersion, Mind-wandering, Sub-Vocalization, and Social Episodic Thoughts. We then 
ran General Additive Mixed Models (GAMMs) to examine the relationship between these thought 
types and eye movements. Results show that eye movements are influenced by the types of 
thoughts readers experience while reading literary texts. These results have important implica
tions for the way that mind-wandering is typically investigated, particularly in reading research.

1. Introduction

Literary narratives induce a variety of different kinds of thoughts in the reader. A good literary text may transport the reader to the 
narrative world (Gerrig, 1993; Green & Brock, 2000), which entails absorbing the reader’s attention to the content of the narrative, 
inducing detailed mental imagery of the characters and the narrative world around them, and raising emotions, like suspense and 
eagerness to know how the story ends (Appel et al., 2015). On the other hand, the reader’s thoughts might easily diverge from the 
literary story to unrelated issues, like what to eat for dinner, or events that happened yesterday. Experiences when our mind wanders 
away from the text to personal concerns are common, as mind-wandering episodes have been reported to occur between 30 % and 49 
% of the time during reading (Bixler & D’Mello, 2016) to 49 % (Uzzaman & Joordens, 2011). Often work studying mind-wandering 
uses relatively dry uninteresting texts and studies have found that this type of attentional disengagement varies with how interesting 
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the text that is being read is (Smallwood et al., 2009).
The purpose of the present study, therefore, was to understand the different kinds of thoughts that emerge when reading a literary 

novel, and to understand how these thought patterns are reflected in the readers’ eye movements during reading. By studying an 
engaging literary text we expected that two types of thoughts would emerge during reading: experiences of immersion, which should 
be characterized by focused attention on the text and vivid imagery; and experiences of mind-wandering, characterized by off-task 
thoughts whose content was unrelated to the narrative. In this way by studying a engaging text we hoped to better characterize the 
state of immersion in what we are reading which has been considered an important factor in literary reading experience (Gerrig, 1993; 
Kuijpers et al., 2014; Ryan, 2001) as well as states of mind-wandering that reflect disengagement from what is being read (see 
Smallwood, 2011; Szpunar, 2017) and is associated with poorer comprehension and memory of the text (Smallwood et al., 2008; 
Bonifacci et al., 2023; D’Mello & Mills, 2021). Fabry and Kukkonen (2019) challenged this view and suggested that mind-wandering 
can also have a role in making sense of a narrative, as it may allow the reader to reflect on the information presented in the text in the 
light of their own experiences and knowledge. By examining what kind of thought patterns emerge during literary text reading and 
how they are reflected in the readers’ eye movement records we will provide novel information on how the shifts of attention between 
the text and self-generated thoughts are reflected in reading processes (Smallwood, 2011).

1.1. Immersion to the story world

When immersed or transported to the story world, a reader’s attentional capacity is fully focused on the text, and the text induces 
imagery and emotions in the reader (Gerrig, 1993; Green & Brock, 2000; Kuijpers et al., 2014; Ryan, 2001). The reader may experience 
vivid images of the narrative characters and events, and react spontaneously to narrative events, such as hoping that a character would 
be saved from a dangerous situation or considering how an unpleasant turn of events how it could have been avoided. Immersion may 
thus entail different types of thoughts from detailed and vivid imagery to empathy felt towards the characters. What is common to 
these thoughts is that they are all triggered by the text and related to the story world described in it, and that they are characterized by 
focused attention on the reading task.

Previous studies provide empirical support for the idea that immersion is characterized by increased attention on the narrative 
stimuli. In a study by Bezdek and Gerrig (2017), participants were slower to respond to unrelated sound probes during viewing of a 
movie if they reported high immersion, indicating that their attention was more absorbed to the film. In a study on listening of literary 
narratives, Kaakinen and Simola (2020) observed that higher immersion to a story was related to fewer eye blinks during the listening 
task, indicating increased or more focused attention to the text.

Jacobs (2015) suggested that during reading immersion to the story world should increase reading fluency or efficiency, reflected 
in eye movement behavior as longer saccades and shorter fixations. According to Jacobs, emotion-inducing text segments are more 
likely to increase immersion, and consequently, emotional and especially suspense-inducing text segments should be read with longer 
saccades and shorter fixations. While there is empirical evidence showing that emotional texts tend to induce more immersion than 
neutral texts (e.g., Ballenghein et al., 2023; Kaakinen & Simola, 2020), very few empirical studies have directly tested how immersion 
is reflected in eye movement behavior during reading (Eekhof et al., 2021; Lei et al., 2023). Eekhof et al. (2021) used eye tracking to 
examine whether immersion in the story world was reflected in the sensitivity to word characteristics such as word length and fre
quency during reading. Some of the most robust findings in reading research is that longer and less frequent words attract longer 
fixations than shorter and more frequent words (for review, see Rayner, 1998). Eekhof et al. were interested in whether the magnitude 
of these effects is associated with subjective experiences of immersion. They found that higher immersion was related to a smaller word 
length effect on gaze duration, an early eye movement measure associated with early processes in reading (e.g., lexical access). This 
finding suggests that reading is less affected by orthographic features of the text during immersion, supporting the idea that immersion 
is associated with higher reading efficiency (Jacobs, 2015).

In another recent study, Lei et al. (2023) examined how immersion is reflected in eye fixation times on words that have the potential 
to elicit negative or positive emotions. Previous eye tracking research has demonstrated that emotional words (either positive or 
negative) embedded in sentences are read with shorter gaze durations than neutral words (Knickerbocker et al., 2015; Scott et al., 
2012; Sheikh & Titone, 2013; 2016; Yan & Sommer, 2015; 2019). Lei at al. found that higher immersion was related to increased gaze 
duration on positive words, whereas there was no evidence for an effect of transportation for negative or neutral words. This finding 
implies that the effect of immersion on early reading processes may depend on the valence of the text content: immersion may slow- 
down the reading of words within text segments that induce positive emotion.

In summary, there still is very little empirical evidence on how immersive experiences are reflected in eye movements during 
reading but the few studies show that the effects may depend on the text characteristics: while high immersion may be related to less 
sensitivity to word length and thus, manifest as shorter fixation durations and faster reading (Eekhof et al., 2021), it may also be related 
to higher sensitivity to the positive emotional content of the text and result in longer fixation durations and slower reading (Lei et al., 
2023).

1.2. Mind-Wandering during reading

Mind-wandering has been used to refer to a variety of thought patterns that may arise in different contexts. Many studies have 
defined mind-wandering as instances of task-unrelated thought, whereas others have defined it as having stimulus-independent 
thought, or as stimulus-independent and task-unrelated thought (see Seli et al., 2018). These types of thought patterns are hypoth
esized to be opposite to immersion, which can be defined as a type of stimulus-dependent thought. Some definitions of mind- 
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wandering have emphasized that it entails unintentional or off-task thought (see Seli et al., 2018). Seli et al. (2018) suggested that 
instead of settling on a single definition for mind-wandering, it would be more fruitful to acknowledge that mind-wandering is a 
heterogeneous concept and define the specific experiential features that are of interest to the current investigation.

As for mind-wandering during reading, Smallwood (2011) defined off task mind-wandering as being characterized by a state of 
decoupled processing of the text that allows the reader to peruse internal thoughts that are unrelated to the narrative. According to this 
view, the shift of attention from the text stimuli to reader-generated internal thoughts results in reduced perceptual processing of the 
text, which is then reflected in poorer comprehension of the text information (Smallwood, 2011). If the text is not properly processed at 
earlier stages (e.g., lexical access), the text information is not integrated to the mental representation of the text, explaining why off 
task thought can impair individuals from drawing inferences regarding events in the text (Smallwood et al., 2008). In this way the 
emergence of a perceptually decoupled state when reading would impair the emergence of states of narrative driven emergence.

Many previous eye tracking studies on mind-wandering during reading have focused on this kind of “zoning out” or mindless 
reading, with conflicting results. Some studies suggest that mind-wandering episodes are associated with slower reading times, such as 
longer fixation durations, which have been observed both in early measures associated with early processes in reading (e.g., lexical 
access) and later measures associated with higher-level processes (e.g., integration; Bixler & D’Mello, 2016; Foulsham et al., 2013; 
Reichle et al., 2010; Steindorf & Rummel, 2020). On the other hand, some studies found no difference in reading or fixation times 
between mind-wandering episodes and on-task reading (Smilek et al., 2010; Zhang et al., 2020). Similarly, while some studies found 
mind-wandering to be associated with making fewer fixations or higher skipping rates compared to normal reading (Bixler & D’Mello, 
2016; Faber et al., 2018, 2020; Frank et al., 2015; Oyarzo et al., 2022; Smilek et al., 2010; Uzzaman & Joordens, 2011), other studies 
show the opposite effect, with mind-wandering leading to making more fixations than normal reading (Foulsham et al., 2013; Steindorf 
& Rummel, 2020).

Eye movement research on mind-wandering during reading has also examined the possible effects of mind-wandering on cognitive 
processes that support reading by manipulating linguistic variables in the text. Studies investigating the word frequency effect during 
mind-wandering episodes as opposed to on-task reading suggests that the size of the frequency effect is significantly reduced during 
mind-wandering compared to on-task reading, particularly on early measures (e.g., gaze duration: Reichle et al., 2010; Foulsham et al., 
2013) suggesting that lexical access is influenced by mind-wandering episodes during reading.

Hence, while there is some evidence showing that mind-wandering episodes are associated with differences in eye-movement 
behavior compared to normal reading, the influence of mind-wandering on eye movements during reading remains unclear. As 
noted earlier, one possible explanation for such conflicting findings may be that there is more than one type of mind-wandering (e.g., 
Seli et al., 2018), which in turn may influence eye-movement behavior in different ways. For example, in addition to “zoning out”, 
mind-wandering during reading could entail also reflecting on the text considering one’s prior knowledge and experiences (Fabry & 
Kukkonen, 2019). This type of mind-wandering has been largely ignored in previous reporting of the eye movement results. For 
example, Smilek et al. (2010) grouped task-related and task-unrelated mind-wandering together in their analyses. Also Steindorf and 
Rummel (2020) originally probed their participants to indicate if they were thinking about things related to the text they were reading 
but this response category was left out from the analyses. A more detailed examination of the types of thoughts and mind-wandering 
episodes that emerge during reading would provide valuable information about the shifts of attention between external stimuli and 
reader-internal thoughts and their impact on reading processes.

1.3. Aims and research questions

In this study, we aimed to identify the types of thoughts readers have while reading literary texts and describe the relationship 
between these thoughts and eye-movement behavior. Specifically, we aimed to answer three research questions: 1) What types of 
thought patterns do readers demonstrate while reading literary texts?, 2) Does the valence of the text (positive, neutral, negative) 
influence the type of thoughts readers have?, and 3) Is eye-movement behavior during reading influenced by the types of thoughts 
readers have during reading?

To answer these questions, we leveraged an emerging approach in which experience sampling is used to map multiple features of 
experience while participants perform different tasks or activities in the lab or in daily life. This approach, known as multidimensional 
experience sampling (mDES; Smallwood et al., 2016), provides an opportunity for participants to describe the features of their 
experience on a number of dimensions (e.g. level of detail, relevance to the task) and the resulting data can be decomposed using 
principal components analysis (PCA) to reveal the dimension that best describe the variance in the reports that participants provide. 
This approach is important in the current study because it is able to describe patterns of thought that are task-irrelevant (e.g. Turnbull 
et al., 2019a) but also those that reflect engagement with the task at hand. For example, Wallace et al., (2024) established that mDES 
can capture patterns of thought during movie watching that relate to engagement with the sensory features of the movie, patterns of 
episodic thought that support better comprehension of the movie and patterns of distracting intrusive thoughts that impair 
comprehension. Furthermore, mDES has been shown to be sensitive to indirect measures of cognition, for example, showing robust 
links to variations in brain activity as identified by functional magnetic resonance imaging (Turnbull et al., 2019a, Konu et al., 2020, 
Wallace et al., 2024) and electroencephalogram (Simola et al., 2023). This capacity for mDES to provide description of the features of 
thought patterns with both beneficial and detrimental consequences for engagement with a narrative, combined with its well- 
established utility as a tool for mapping experiential patterns onto indirect measures of cognition, make it the ideal technique for 
simultaneously mapping narrative relevant experiential features such as immersion, as well as task irrelevant experiential states such 
as mind-wandering onto reading behaviour as defined via eye-tracking. The mDES scale used in this study comprised 13 questions 
regarding the contents of the reader’s current thoughts, such as task focus, emotionality, visual imagery, and future vs. past 
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orientation. The responses to the mDES scale were used to identify thought patterns that emerged during reading of a literary text, 
namely parts of a novel entitled “Memories of the Future” authored by Siri Hustvedt (2019). We then examined whether segments of 
the novel containing emotionally positive, negative or neutral content induced different types of thoughts in readers. Lastly, we 
examined the possible influence of these thought patterns on eye-movement behavior during reading.

2. Method

2.1. Participants

Seventy adults, who mostly were university students, participated in the study. Data of nine participants were excluded due to 
participant not completing the whole experiment, interruptions during testing, or participant reporting that they only skimmed 
through the text without reading it. Data of five more participants had to be dropped due to poor calibration of the eye tracker. The 
final sample consisted of 56 participants (51 women, 52 right-handed), whose mean age was 23.43 years (SD = 4.40). All participants 
were native speakers of Finnish and had normal or corrected-to-normal vision. The study was approved by the Ethics Committee for 
Human Sciences at the [redacted for anonymity].

2.2. Text materials

The text materials consisted of excerpts from Siri Hustvedt’s novel Memories of the Future (Hustvedt, 2019), which has been 
translated to Finnish by Kristiina Rikman. We picked a total of 135 paragraphs from novel’s chapters 1, 3 and 4. To keep the flow of the 
story while making sure that the reading task could be completed within two hours, some text parts were removed, and some originally 
very short paragraphs were combined.

To select target paragraphs for presenting the thought probes, the emotionality of the paragraphs was rated by 19 participants (14 
women, 1 other) who did not participate in the actual experiment. In the rating task, participants read the text one paragraph at a time 
and evaluated how the text made them feel using the nine-point valence and arousal scales of the self-assessment manikin (SAM; 
Bradley & Lang, 1994). Six participants could not finish the rating task within two hours, and the final rating data consisted of re
sponses of 13 participants.

Based on the means and standard deviations of the valence and arousal ratings we selected 30 target paragraphs: 10 neutral, 10 
positive, and 10 negative paragraphs. The target paragraphs were selected so that these were evenly distributed across the text, and 
there were never two target paragraphs in a row. The means and standard deviations of the valence and arousal ratings for the target 
paragraphs, and their mean length are presented in Table 1. Word frequencies for the text were retrieved from pb_sane corpus (Ginter 
& Laippala, 2017). Thirty simple yes/no questions about the text content, which were presented after each target paragraph, were 
created to make sure participants were reading the text.

The valence ratings for the positive, negative, and neutral texts were significantly different from each other (F(2) = 125.8, p <
0.001), and all contrasts were significant (all ps < 0.001). The arousal ratings were also significantly different across text types (F(2) =
6.54, p = 0.005). Pairwise contrasts showed that arousal was higher for negative compared to neutral (p = 0.009) and positive texts (p 
= 0.014), although positive and neutral texts did not differ from each other (p = 0.978).

2.3. Multidimensional experience sampling questionnaire

The 13-item Multidimensional Experience Sampling (mDES) questionnaire (Turnbull et al., 2019a) was used to measure the 
contents of thoughts after each target paragraph. After the first item (“My thoughts and attention were on the task I was performing.”) 
the rest of the items were presented in random order. Participants responded to the items on a scale from 1 to 4 (1 = not at all, 4 =
completely; except for emotion item 1 = negative, 4 = positive; and spontaneity item 1 = spontaneous, 4 = deliberate). The items were 
presented on a computer screen one at a time, with response options presented above the item, and participants responded using the 
number keys on a keyboard.

2.4. Transportation and reading experience

Transportation to the story world was measured with the short version of the transportation scale (TS-SF; Appel et al., 2015). The 
scale contained five items, and participants responded to them on a scale from 1 to 7 (1 = not at all, 7 = very much). A sum score of the 

Table 1 
Means and standard deviations of the valence and arousal ratings and the length of the positive, neutral, and negative target paragraphs.

Valence Arousal Words Sentences

M SD M SD M SD M SD

Positive 6.21 0.21 2.89 0.67 84.90 40.24 5.20 3.68
Neutral 5.00 0.18 2.85 0.18 89.70 33.77 5.50 2.51
Negative 3.74 0.54 3.50 0.37 98.50 24.74 8.20 5.96
All 4.98 1.08 3.08 0.53 91.03 32.85 6.30 4.36

D. Mézière et al.                                                                                                                                                                                                       Consciousness and Cognition 134 (2025) 103918 

4 



responses was calculated as Cronbach’s alpha (0.76) was reasonably high.
Reading experience was measured with a question “How pleasant or unpleasant this reading experience was?” Participants 

responded using the nine-point version (1 = extremely unpleasant, 9 = very pleasant) of the self-assessment manikin (SAM; Bradley & 
Lang, 1994).

2.5. Equipment

The text was presented on a 21″ computer screen with 1920 x 1080 resolution and 144 Hz refresh rate, using 15-point Lucida
Console and triple line spacing. Participants’ eye movements were recorded monocularly with Eyelink 1000 system (SR Research Ltd.) 
at 1000 Hz sampling rate.

2.6. Procedure

Upon entering the laboratory, participants signed an informed consent form. Participants were informed that they would be 
reading excerpts from a novel, and they were instructed to read the text at their own pace as they would be reading a novel in their 
leisure time. They were then familiarized with the mDES scale until they said they understood what each item meant. They were told 
that they would be responding to the mDES scale and a simple comprehension question at random intervals during reading. The eye 
tracker was then calibrated using a nine-point calibration scheme, and participants completed a short practice trial.

Each page of text was preceded by a drift check, in which a calibration target appeared in the left corner of the screen in the location 
where the first word of the paragraph would be presented. Participants could proceed to the text by pressing the space bar on a 
keyboard. After reading the paragraph, participants could proceed to the next paragraph by pressing again on the space bar. After a 
target paragraph, the first question of the mDES scale appeared in the middle of the screen, followed by the 12 other questions pre
sented in random order. After the mDES scale, participants responded to the comprehension question requiring a yes / no response. 
The mDES was only presented after target paragraphs. After the comprehension question participants continued reading the text. The 
experimenter monitored the quality of the eye tracking data, and the tracker was recalibrated if necessary during the experiment.

The text was read in two parts with a short break between the parts. In the end of the experiment, participants responded to the 
transportation scale and questions on reading experience, their reading habits, and familiarity with the novel. Finally, participants 
were debriefed about the purpose of the study. The experimental session lasted about two hours.

2.7. Data pre-processing and analysis

All analyses were run in R (R core Team, 2022). The dataset and analyses code are available at: https://osf.io/kd8xa/. First, we 
conducted a principal component analysis (PCA) on participants’ responses to the mDES scale to identify the types of thoughts par
ticipants were having while reading the text (1997 observations per item). The PCA component scores were then used in the statistical 
analyses. The PCA was carried out with the trial level responses to the questions on the mDES using varimax rotation, which is the 
standard method used in previous research (e.g., Konishi et al., 2015; Simola et al., 2023; Sormaz et al., 2018; Turnbull et al., 2019a, 
b). The PCA was conducted with the ‘psych’ package (Revelle, 2021). To choose the appropriate rotation method we first ran the PCA 
using oblimin rotation and looked at the component correlation matrix to check that they did not exceed 0.32 which would indicate an 
overlap in explained variance between factors (Tabachnick et al., 2007). The correlation matrix is shown in Table 2. As the highest 
correlation was 0.147, we used varimax rotation, which is in line with previous research using PCA on mDES responses (Simola et al., 
2023; Sormaz et al., 2018; Turnbull et al., 2019a, b). We decided on the number of components by running a parallel analysis, using the 
criterion of retaining components with eigen values > 1 (Simola et al., 2023). Based on this, we selected four components, which is 
consistent with previous research (Simola et al., 2023; Sormaz et al., 2018; Turnbull et al., 2019a,b). To examine the reliability of these 
components, we randomly split the data in half and ran the PCA on each split half again. We then compared the component scores from 
these split-halves datasets to the component scores from the full dataset by running Pearson correlations such that higher correlation 
coefficients indicate higher component reliability (see Mulholland et al., 2023 for a similar method of estimating component 
reliability).

To examine the relationship between these components and transportation per se, we then ran correlations between the component 
scores and participants’ responses to the TS-SF scale given to them at the end of the experiment.

To investigate the relationship between these components and the valence of the text, we ran linear mixed effects models using the 
lme4 package (Bates et al., 2015). A linear model was run for each component, with the valence of the text as a categorical predictor 
and neutral texts as the baseline, as well as random intercepts and slopes for items and participants. To investigate the relationship 

Table 2 
Component correlation matrix with oblimin rotation.

Component 1 2 3 4

1 1.000 − 0.147 − 0.003 0.093
2 ​ 1.000 0.032 0.058
3 ​ ​ 1.000 0.030
4 ​ ​ ​ 1.000
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between components and reading comprehension accuracy, we ran a generalized linear mixed effect model with the four components 
as predictors, as well as random slopes for items and participants.

Lastly, we investigated the relationship between eye-movement measures and the thought components from the PCA. Prior to 
analysis, all fixations shorter than 50 ms and longer than 1000 ms were excluded from the eye movement data (0.87 % of all fixations). 
The data was checked and corrected for line-drifting with the PopEye package for R (Schroeder, 2019), and three eye movement 
measures were computed from the data: gaze duration, skipping rate, and go-past time. Gaze duration is the sum of all fixation du
rations landing on a word during its first-pass reading. Skipping rate is a dichotomous variable reflecting whether the word was 
skipped during first-pass reading or not. Go-past time is the time spent reading the word and any preceding parts of text before the 
reader moves on in text. Duration measures were log-transformed before the analyses.

To investigate the relationship between participants’ thoughts and eye-movement behaviour, we used generalized additive mixed 
models (GAMMs). GAMMs are used to model non-linear relationships between variables (Baayen et al., 2017; Wieling, 2018; Wood, 
2017) and are particularly powerful as there is no a-priori for the type of non-linear relationship between variables (e.g., polynomial) 
and also allows for linear relationships to be investigated if a linear relationship fits the data better than a non-linear one (Baayen et al., 
2017; Wieling, 2018; Wood, 2017). Based on visual inspection of the relationship between our variables (see Figs. 2-4), we decided to 
use GAMMs as non-linear regression seemed appropriate to model the relationship between participants’ thoughts and eye 
movements.

For each component identified with the PCA, we ran models for three eye-movement measures: gaze duration, skipping rate, and 
go-past time. We controlled for word length as a linear effect, and included word frequency, component score, and their interaction as 
non-linear predictors. In addition, we added random effects for participant and words and compared models following the method 
described in Wieling (2018), only adding random effects if they improved the model (i.e., were significant). Adding these random 
effects takes into account the nested structure of the mDES response data on which the PCA was run. The generalized additive models 
were run with the ‘mgcv’ package (version 1.8–40; Wood 2011, 2017), and visualization of the non-linear effects were plotted using the 
‘itsadug’ package (version 2.4; van Rij et al., 2022).

2.8. Transparency and openness

We report all data exclusions, manipulations, and measures in the study. The dataset and analyses code are available at: https://osf. 
io/kd8xa/. The text materials are not available as they are copyrighted. All analyses were run in R (R core Team, 2022). This study’s 

Fig. 1. Word Clouds for each Component. Note. Fig. 1 shows word-clouds that illustrate the contents of the thoughts according to the four com
ponents. The size of the words represents their loadings with bigger words indicating higher component loadings, and the color represents the 
direction of the relationship with more red words loading positively onto the component and blue words loading negatively onto the component. 
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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design and analysis were not pre-registered.

3. Results

3.1. Identifying readers’ thoughts: Principal component analysis

Results from the principal component analysis on participants’ responses to the mDES scale indicated four components that 
explained 51 % of the variance in our data. The loadings for these four components are shown in Table 3. Component 1, “immersion”, 

Fig. 2. Relationship between Immersion and Eye Movements. Note. Fig. 2 shows the relationship between eye-movement measures and component 
scores for the immersion component.

Fig. 3. Relationship between Mind-Wandering and Eye Movements. Note. Fig. 3 shows the relationship between eye-movement measures and 
component scores for the mind-wandering component.

Fig. 4. Relationship between Sub-Vocalization and Eye Movements. Note. Fig. 4 shows the relationship between eye-movement measures and 
component scores for the sub-vocalization component.

D. Mézière et al.                                                                                                                                                                                                       Consciousness and Cognition 134 (2025) 103918 

7 



consists of thoughts that were task-related, detailed, with higher levels of imagery, along with generally positive emotions. Component 
2, “mind wandering”, consists of episodes where participants were off task, with reoccurring thoughts about the future and themselves, 
and generally negative emotions. Component 3, “sub-vocalization”, consists of voluntary verbal thoughts. Lastly, Component 4, “social 
episodic thoughts”, consists of evolving thoughts about the past and other people. A visualization of these components is shown in Fig. 1
as word-clouds indicating the importance of different aspects of thoughts for each component.

Results from the correlations between scores calculated on the full dataset and scores calculated on the split-half datasets generally 
indicated good component reliability with an average of 0.88. Reliability was particularly high for the immersion, mind-wandering, 
and sub-vocalization components with coefficients of 0.91, 0.93, and 0.96 respectively. Reliability was somewhat lower for the social 
episodic thoughts component with a coefficient of 0.70.

Correlations between these components and participants’ responses to the TS-SF scale given at the end of the experiments indicated 
that scores from Component 1 (“immersion”) were correlated with transportation scores, r(54) = 0.56 95 %CI[0.34, 0.71], p < 0.001, 
suggesting that this component may indeed be indicative of immersive thoughts. None of the other components were significantly 
correlated with the transportation scores (all ps > 0.05).

Correlations between these components and participants’ pleasantness ratings at the end of the experiment indicated that scores 
from Component 1 (“immersion”) were positively correlated with pleasantness ratings r(54) = 0.33 95 %CI[0.07, 0.55], p = 0.013, 
suggesting that this component may be indicative of a more positive experience during the study. This is in line with the idea that 
immersion is typically associated with a positive reading experience. Neither components 2 or 3 were significantly correlated with 
pleasantness scores (both ps > 0.05). However, Component 4 (“social episodic thoughts”) was positively correlated with pleasantness 
ratings, r(54) = 0.30, 95 %CI[0.04, 0.52] p = 0.026. This suggests that this component is also associated with a more positive 
experience.

3.2. The relationship between text valence and thought types

Descriptive statistics of the component scores for each text valence category are shown in Table 4. Scores for Component 1 (im
mersion) were higher for positive paragraphs compared to neutral paragraphs (b = 0.36, t = 3.15). There were no differences between 
negative paragraphs and neutral or positive paragraphs. There were no significant effects of text valence on Component 2 (“mind- 
wandering”). Scores for Component 3 (“sub-vocalization”) were significantly higher for both positive (b = -0.12, t = -2.29) and 
negative paragraphs compared to neutral paragraphs (b = -0.16, t = -3.16). There were no significant effects of text valence on 
Component 4 (“social episodic thoughts”).

3.3. The relationship between comprehension and though types

Participants responded with an average of 79 % accuracy to the memory questions following each probe (range 47 % − 97 %). We 
found no significant effect of any of the component scores on participants’ response accuracy. The output of the model is shown in 
Table 5.

3.4. The relationship between eye-movement behaviour and thought types

The relationship between each component identified with the PCA and three eye-movement measures are presented in Figs. 2–4. As 
shown in the figures, these relationships were often non-linear, and differed across components.

As illustrated in Fig. 2, there was a negative linear relationship between skipping and immersion, such that higher immersion scores 
were associated with lower skipping rates. Gaze duration was non-linearly related to levels of immersion with a globally upward 

Table 3 
Component loadings extracted with the principal component analysis.

Component 1 Component 2 Component 3 Component 4

Q1: Task 0.54 − 0.45 0.02 − 0.10
Q2: Future − 0.06 0.40 0.10 0.24
Q3: Past 0.07 0.13 0.03 0.63
Q4: Self − 0.10 0.77 0.03 − 0.02
Q5: People 0.28 − 0.44 0.15 0.59
Q6: Emotion 0.32 − 0.29 0.12 − 0.01
Q7: Images 0.70 0.01 − 0.32 0.23
Q8: Words 0.04 0.15 0.79 − 0.06
Q9: Vividness 0.80 0.02 − 0.13 − 0.04
Q10: Specific 0.77 0.03 0.14 0.01
Q11: Habit 0.23 0.67 0.13 0.13
Q12: Evolving − 0.24 0.35 − 0.06 0.60
Q13: Deliberate − 0.09 − 0.01 0.65 0.11
SS Loadings 2.33 1.85 1.25 1.26
Proportion of Variance 0.18 0.14 0.10 0.10
Cumulative Variance 0.18 0.32 0.42 0.51
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pattern and several peaks. Go-past time varied along a bell-shaped curve with immersion levels. In contrast, mind-wandering was non- 
linearly related to skipping rates (See Fig. 3), with an overall downward curve and some peaks. Mind-wandering also showed a 
downward pattern for gaze duration with a peak around 0 followed by an upwards slope. Lastly, mind-wandering also showed a non- 
linear pattern for go-past time with a downward slope followed by a flattening of the curve. Sub-vocalization had a non-linear, u- 
shaped association with skipping rates (Fig. 4). The relationship to gaze duration was similar to that of immersion, with a generally 
upward pattern with several peaks followed by a steep decline. The relationship to go-past time was smoother with an inverted u-shape 
curve. Finally, in Fig. 5, the relationship between social episodic thoughts and skipping was similar to immersion with a linear negative 
association such that higher scores of social episodic thoughts were associated with lower skipping rates. There was an inverted u- 
shaped relationship between gaze duration and social episodic thoughts. Lastly, the relationship between social episodic thoughts and 
go-past time was mostly linear with an upward slope.

Based on these visualizations, we decided to use GAMMs to model the relationship between eye movements and thought types, as 
this method allows for non-linear relationship to be investigated. The output of models investigating differences in eye-movement 
measures and the word-frequency effect between the four types of thoughts (immersion, wind-wandering, sub-vocalization, and so
cial episodic thoughts) is shown in Tables 5-8. Across models, the word length and word frequency effects were always significant. As 
this article focuses on the effect of the types of thoughts identified with the principal component analysis, only main effects and in
teractions with these components are discussed here.

In the models with immersion as a predictor, higher immersion was associated with a lower probability of skipping (edf = 1.0, X2 =

7.6, p = 0.006). As for gaze duration, there was a significant interaction between word frequency and immersion (edf = 4.1, F = 3.1, p 
= 0.008), such that the size of the word-frequency effect varied non-linearly according to levels of immersive thoughts. This interaction 
is illustrated in Fig. 6, and suggests the word frequency effect was present only for words within the medium to low-frequency bands 
(100 ms difference between log frequencies of − 1 and − 4) when immersion levels were low, and that this effect lessened non-linearly 
with higher levels of immersion, with a difference of only about 50 ms between high frequency words (log frequency of 1) and low 
frequency words (log frequency of − 4). In addition, while there was no frequency effect for words in the higher frequency bands (log 
frequency of 0 and higher) with low levels of immersion, the frequency effect was present for such words with high levels of immersion. 
We failed to observe statistically significant effects for go-past time.

Table 4 
Mean component scores per text valence category.

Valence Immersion Mind-Wandering Sub-vocalization Social Episodic Thoughts

Neutral − 0.06 (0.96) 0.03 (0.99) − 0.08 (1.02) 0.06 (1.01)
Negative − 0.14 (1.03) 0.11 (1.03) 0.09 (1.04) 0.03 (1.04)
Positive 0.24 (1.00) − 0.07 (1.01) − 0.03 (1.00) − 0.11 (1.05)

Table 5 
Output of the model predicting comprehension from thought components.

Comprehension Accuracy

Predictors B SE CI t

(Intercept) 5.68 1.29 3.63 – 8.87 7.63
RC1 1.13 0.10 0.95 – 1.34 1.43
RC2 1.01 0.08 0.86 – 1.18 0.10
RC3 1.05 0.09 0.89 – 1.23 0.57
RC4 1.04 0.08 0.89 – 1.22 0.51

Fig. 5. Relationship between Social Episodic Thoughts and Eye Movements. Note. Fig. 5 shows the relationship between eye-movement measures 
and component scores for the social episodic thoughts component.
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In the models with levels of mind wandering as a predictor, there were no significant effects of mind wandering on any of the eye- 
movement measures, nor any significant interactions.

In the models with sub-vocalization as a predictor, there was a significant interaction between sub-vocalization and word frequency 
on gaze duration (edf = 5.9, F = 2.2, p = 0.026), such that the word-frequency effect varied non-linearly according to levels of sub- 
vocalization. This interaction is illustrated in Fig. 7, and shows that the word frequency effect was larger for lower levels of sub- 
vocalization.

In the models with social episodic thoughts as a predictor, there was a significant effect of social episodic thoughts on skipping (edf 

Table 6 
Model outputs for the immersion component.

Predictor Gaze Duration Skipping Go-Past Time

edf p-value edf p-value edf p-value

Word Length (linear) NA < 0.001 NA < 0.001 NA < 0.001
Word Frequency 3.9 < 0.001 1.7 < 0.001 1 < 0.001
Immersion 1 0.460 1 0.006 2.0 0.578
Word frequency x immersion 4.1 0.008 1 0.111 1 0.112
Participant, Immersion 147.8 < 0.001 120.2 < 0.001 138.7 < 0.001
Participant, frequency 50.8 < 0.001 179.6 0.002 49.5 < 0.001
Word 

(intercept)
1381.1 < 0.001 875.0 < 0.001 1400.5 < 0.001

Word 
Immersion

109.6 0.002 41.0 < 0.001 109.0 < 0.017

Note. Table 6 shows the output of the GAMMs models for the immersion component, including linear and non-linear effects. Predictors in italic are 
random effects. Edf values indicate the degree of non-linearity, with values higher than 1 indicating that the effect is non-linear.

Table 7 
Model outputs for the mind wandering component.

Predictor Gaze Duration Skipping Go-Past Time

edf p-value edf p-value edf p-value

Word Length (linear) NA < 0.001 NA < 0.001 NA < 0.001
Word Frequency 3.9 < 0.001 1.8 < 0.001 1.8 < 0.001
Mind Wandering 1.2 0.167 1.0 0.480 2.6 0.092
Word frequency x mind wandering 1.0 0.789 2.9 0.550 4.0 0.245
Participant, 

mind wandering
116.9 < 0.001 118.3 < 0.001 109.0 < 0.001

Participant, frequency 50.8 < 0.001 180.1 < 0.001 184.7 < 0.001
Word 

(intercept)
1381.9 < 0.001 876.3 < 0.001 1400.7 < 0.001

Word 
mind wandering

77.4 0.03 NA NA 178.7 < 0.001

Note. Table 7 shows the output of the GAMMs models for the mind-wandering component, including linear and non-linear effects. Predictors in italic 
are random effects. Edf values indicate the degree of non-linearity, with values higher than 1 indicating that the effect is non-linear.

Table 8 
Model outputs for the sub-vocalization component.

Predictor Gaze Duration Skipping Go-Past Time

edf p-value edf p-value edf p-value

Word Length (linear) NA < 0.001 NA < 0.001 NA < 0.001
Word Frequency 3.8 < 0.001 1.7 < 0.001 1.7 < 0.001
Sub-Vocalization 1.0 0.362 1.0 0.660 1.0 0.350
Word frequency x Sub-Vocalization 6.0 0.026 1.9 0.463 3.5 0.122
Participant, 

Sub-Vocalization
111.7 < 0.001 91.8 < 0.001 94.5 < 0.001

Participant, frequency 50.9 < 0.001 180.8 < 0.001 182.7 < 0.001
Word 

(intercept)
1382.9 < 0.001 878.6 < 0.001 1401.9 < 0.001

Word 
Sub-Vocalization

NA NA NA NA NA NA

Note. Table 8 shows the output of the GAMMs models for the Sub-Vocalization component, including linear and non-linear effects. Predictors in italic 
are random effects. Edf values indicate the degree of non-linearity, with values higher than 1 indicating that the effect is non-linear. Random slopes for 
words did not improve model fits hence they were not included in these models.
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= 1.0, Х2 = 5.3, p = 0.022). The effect was linear, such that skipping rates decreased with higher levels of social episodic thoughts. 
There was also a significant interaction between word frequency and social episodic thoughts on skipping rates (edf = 2.1, Х2 = 11.0, p 
= 0.008), as the word frequency effect tended to decrease with higher levels of social episodic thoughts (see Fig. 8). In addition, there 
was a significant interaction between word frequency and social episodic thoughts on go-past times (edf = 1.0, F = 4.2, p = 0.041), 
such that the word frequency effect tended to be lower for higher levels of social episodic thoughts (see Fig. 9).

4. Discussion

4.1. Readers’ thought patterns during reading

Our study aimed to investigate the types of thought patterns readers have while reading a literary text, hoping to discriminate 
between states of immersed engagement in the text and states of off task mind-wandering in terms of the associated eye movement 
behavior while reading. Based on previous research, we expected that readers would experience immersive episodes when their 
attention would be focused on the content of the text and associated with vivid imagery (Gerrig, 1993; Green & Brock, 2000; Kuijpers 
et al., 2014; Ryan, 2001), and mind-wandering or “zoning-out” episodes characterized by thoughts unrelated to the text content (e.g., 
Smallwood, 2011). Our findings were in line with these predictions, and we identified four thought patterns experienced by readers. As 
expected, we identified a thought pattern that is in line with definitions of “immersion” or “transportation”, namely thoughts related to 

Table 9 
Model outputs for the social episodic thoughts component.

Predictor Gaze Duration Skipping Go-Past Time

edf p-value edf p-value edf p-value

Word Length (linear) NA < 0.001 NA < 0.001 NA < 0.001
Word Frequency 3.9 < 0.001 1.7 < 0.001 2.0 < 0.001
social episodic thoughts 3.5 0.361 1.0 0.022 3.2 0.360
Word frequency x social episodic thoughts 1.8 0.518 2.1 0.008 1.0 0.041
Participant, 

social episodic thoughts
142.1 < 0.001 129.7 < 0.001 154.6 < 0.001

Participant, 
frequency

50.8 < 0.001 181.9 < 0.001 49.9 < 0.001

Word 
(intercept)

1382.5 < 0.001 875.7 < 0.001 1401.7 < 0.001

Word 
social episodic thoughts

77.4 0.046 62.0 < 0.001 NA NA

Note. Table 9 shows the output of the GAMMs models for the social episodic thoughts component, including linear and non-linear effects. Predictors in 
italic are random effects. Edf values indicate the degree of non-linearity, with values higher than 1 indicating that the effect is non-linear.

Fig. 6. Interaction between Immersion and Word Frequency on Gaze Duration. Note. Fig. 6 shows the non-linear interaction between word fre
quency and immersion on gaze duration. The gradient colors illustrate the size of the effect (red: higher values of gaze duration, green: lower values 
of gaze duration). The lines delimit areas where the effect is the same across immersion and word frequency values. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version of this article.)
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the text (i.e., “on task”), characterized by detailed and vivid images, and associated with positive emotions. The component scores on 
immersion were positively correlated with experienced transportation and reading pleasure reported after reading, validating the 
interpretation of this component as indicative of immersion.

We also identified thought patterns corresponding to mind-wandering, namely thoughts unrelated to the text (i.e., off task), 
characterized by reoccurring thoughts about oneself and the future. Of the thought patterns identified in this study, this component 
most closely resembles off-task thoughts captured in previous studies of eye movement behavior while reading (e.g., Faber et al., 2020; 
Reichle et al., 2010; Steindorf & Rummel, 2020). However, as previous studies have only measured whether the reader’s thoughts were 
on or off task (or, whether the person was zoning out), the specific features of the experiences remain unknown. In our study, the use of 
mDES allowed us to establish that most of the time off-task thoughts included habitual, somewhat evolving thoughts related to self and 

Fig. 7. Interaction between Sub-Vocalization and Word Frequency on Gaze Duration. Note. Fig. 7 shows the non-linear interaction between word 
frequency and sub-vocalization on gaze duration. The gradient colors illustrate the size of the effect (red: higher values of gaze duration, green: 
lower values of gaze duration). The lines delimit areas where the effect is the same across sub-vocalization and word frequency values. (For 
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 8. Interaction between Social Episodic Thoughts and Word Frequency on Skipping. Note. Fig. 8 shows the non-linear interaction between word 
frequency and social episodic thoughts on skipping rates. The gradient colors illustrate the size of the effect (red: higher skipping rates; green =
lower skipping rates). The lines delimit areas where the effect is the same across social episodic thoughts scores and word frequency values. (For 
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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future. Unexpectedly, we did not observe a negative correlation between mind-wandering and correct responses to text memory 
questions, which we should have observed if mind-wandering interferes with forming a memory representation of the text 
(Smallwood, 2011). A possible reason is that the questions were easy and presented immediately after the text paragraph, when the 
text contents were still fresh in memory.

One thought pattern, which we termed “sub-vocalization”, was characterized by deliberate verbal thoughts. One possible expla
nation for this type of thought might be that readers were focusing on their “inner voice” reading the text. However, it is unclear 
whether these thoughts were directly related to the stimuli and or/task, or whether they are reflective of something else (e.g., 
voluntary mind-wandering). Hence, more research should be carried out to better understand what this thought pattern represents, 
and whether it falls within the “mind-wandering” family (e.g., text-related mind-wandering; voluntary mind-wandering; Seli et al., 
2018).

Lastly, we identified a thought pattern which we termed “social episodic thoughts” which was characterized by evolving thoughts 
about the past and other people, and which was associated with a pleasant reading experience. As for the sub-vocalization component, 
it is possible that these thoughts are related to the text, such as the story triggering memories of previous events/story (Fabry & 
Kukkonen, 2019). The absence of a strong negative weighting on the “On Task” dimension (see Fig. 1) makes it unlikely that this is an 
example of off-task mind-wandering. Prior studies have shown that this component of thought engages the medial prefrontal cortex 
(Konu et al., 2020) is important in tasks that rely on social cognition (Konu et al., 2021, McKeown et al., 2025) and in daily life occur 
during social interactions (Mulholland et al., 2023). In the context of these prior studies, this pattern of social episodic thought may 
reflect a form of social cognition that is engaged when we read stories about other people.

Taken together, by using mDES to capture a wide range of experiential features we were able to establish that readers experience 
multiple kinds of thought patterns during reading, including but not limited to the “on or off” task dichotomy often used in mind- 
wandering research. Indeed, we found that while readers did experience “zoning out”, they also experienced immersive episodes, 
as well as other types of thoughts that may or may not be related to the stimuli and/or task. These findings are in line with Seli et al. 
(2018) argument that mind-wandering should be seen as an umbrella term for different types of thought patterns that may or may not 
be related to the stimuli (i.e., the text) and/or the task (i.e., reading). In this context the capacity for mDES to characterize both task 
relevant and task irrelevant states is a useful tool for better understanding the landscape of thought patterns that emerge during 
reading, whether they are beneficial or detrimental to the act of comprehending what we are reading, as well as how they may in
fluence objective indicators of text processing.

4.2. The influence of text valence on readers’ thought patterns

The second aim of this study was to investigate the influence that a text’s valence has on the occurrence of different types of thought 
patterns during the reading of literary texts. We found that readers were more likely to be immersed in the story while reading positive 
paragraphs compared to neutral paragraphs. This is partially in line with previous studies showing that emotional texts tend to be 
associated with higher levels of immersion (e.g., Ballenghein et al., 2023; Kaakinen & Simola, 2020). However, unlike in previous 
studies (Ballenghein et al., 2023; Kaakinen & Simola, 2020), we did not find that negative paragraphs induce higher immersion than 
neutral text. In the previous studies, the negative text materials were Stephen King horror stories, representing a genre that is likely to 
induce feelings of suspense and more immersion (Jacobs, 2015). The text in the present study was a novel describing the life of a young 

Fig. 9. Interaction between Social Episodic Thoughts and Word Frequency on Go-Past Time. Note. Fig. 9 shows the non-linear interaction between 
word frequency and social episodic thoughts on go-past time. The gradient colors illustrate the size of the effect (red: higher values of go-past time, 
green: lower values of go-past time). The lines delimit areas where the effect is the same across social episodic thoughts and word frequency values. 
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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female moving to New York City in the 1970′s, where negative text paragraphs were mostly descriptive and did not contain suspense- 
inducing content. The results thus provide further evidence that emotional texts and positive texts in particular are more likely to 
induce transportation compared to neutral texts, and that the emotionality and the genre of a narrative should be taken into account 
when investigating text processing.

Interestingly, we also found a negative relationship between emotional texts, both positive and negative, and the “sub-vocalization” 
component (i.e., voluntary verbal thoughts), such that neutral text led to lower levels of sub-vocalization than emotionally arousing 
positive or negative text. As noted earlier, a plausible interpretation of this thought pattern might be readers’ focusing their attention to 
their “inner voice” during reading, which may be a behaviour associated more with instances where the text is more engaging (i.e. 
higher valence and arousal). Another possibility is that readers sometimes “sound-out” the text through sub-vocalization (i.e., paying 
attention to their inner voice) in order to get a sense of the emotional valence of the text.

Of note, we did not find any influence of the emotionality of the text on mind-wandering. While some studies suggests that mind- 
wandering or zoning out may be more likely to occur in instance where the text is deemed less engaging by the reader (e.g., boring 
texts: Danckert et al., 2018), our results suggests that emotional texts do not lead to reduced instances of mind-wandering during 
reading.

Lastly, we found no association between the “social episodic thoughts” component and text valence. This result would be in line 
with an interpretation of this thought pattern as reflecting memories triggered by the contents of the text, or integration of background 
knowledge with the text. Indeed, if this is the case, such thoughts are likely to be triggered by all types of text contents regardless of 
their emotional valence, whether it be neutral (e.g. “I have seen the place where the story takes place”), positive (e.g., “I remember 
what being in love for the first time feels like”), or negative (e.g., “I know what a painful breakup feels like”).

4.3. Eye movements during immersion and mind-wandering

The third aim of this study was to examine the relationship between readers’ thought patterns while reading literary texts and their 
eye-movement behaviour. Firstly, we found that higher levels of immersion were associated with lower skipping rates. This is in line 
with the idea that immersion is characterized by instances where attention is absorbed by the text content, leading to more words being 
fixated (Gerrig, 1993; Green & Brock, 2000). Interestingly, while fewer words were skipped, readers did not seem to fixate them for 
longer as we found no effect of levels of immersion on either gaze duration or go-past time. These findings contrast with Jacobs’ (2015)
predictions that immersion would be associated with longer saccades and shorter fixations. Indeed, low skipping rates likely indicate 
that readers make shorter saccades due to not skipping words. Nevertheless, we found a non-linear effect of word frequency on gaze 
duration, such that the frequency effect is generally reduced during high immersion. This was particularly true for words within the 
lower frequency bands, such that there was no effect of word frequency between words with a log frequency of − 2 or lower. This is in 
line with previous findings that readers are less sensitive to word characteristics with higher levels of narrative absorption and liking 
(Eekhof et al., 2021).

Interestingly, we did not find any relationship between levels of mind-wandering and eye-movement behaviour. This is in contrast 
to previous research showing that mind-wandering influences eye movements during reading, and that mind-wandering is charac
terized by reduced effects of word characteristics (e.g., Reichle et al., 2010; Foulsham et al., 2013). However, it is likely that differences 
in our results is due to methodological differences between previous work and our study. Indeed, previous research typically analyzed 
the effect of mind-wandering on eye-movement behaviour by comparing eye movements during “on-task” reading and “off-task” or 
“mindless” reading, such that the difference was between two categorical conditions. However, in the present study mind-wandering 
was computed as a continuous variable rather than a categorical one, such that we examined the relationship between degrees of mind- 
wandering and eye-movement behaviour, and did not directly contrast mind-wandering with on-task reading. Hence it may be that 
while eye-movement behaviour during mindless reading does differ from eye movements during “on-task” reading, eye movements 
may not differ significantly relative to the degree to which a reader is off-task.

The results for the sub-vocalization component also showed a reduced effect of word frequency on gaze duration, particularly for 
high levels of sub-vocalization and for words within the lower frequency bands (− 2 log frequency and lower). This would be in line 
with the interpretation that this component reflects higher attention paid to lexical processing, or a readers’ “inner voice” while 
reading. Unlike the immersion component, however, there was no influence of sub-vocalization on skipping behavior. More research is 
necessary in order to better understand what this component reflects, and how it affects lexical processing during reading.

Lastly, higher levels of social episodic thoughts were associated with lower skipping rates, as well as a reduced effect of word 
frequency on skipping and go-past time. As with immersion and sub-vocalization, this suggests that social episodic thoughts influence 
the fluency of lexical processing, but that the effect might occur at later stages of the reading process compared to immersion and sub- 
vocalization. This finding is in line with an interpretation of this component as reflecting integration of the content of the text with 
world knowledge or previous experiences (Fabry & Kukkonen, 2019). However, more research is necessary in order to better un
derstand what this component reflects, and how it influences later stages of the reading process such as semantic integration or 
inference making and the possible integration of world or personal experience with the events of the narrative. It is also possible that 
the social features of this component of thought make it particularly important in a text with a clear protagonist (like the one used in 
the current study).

5. Conclusions

Although our study provides important information on the different features of experience that emerge while reading a narrative 
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rich text, there are nonetheless important open questions that remain. First, we used only a single text so it remains unclear how these 
findings would generalize to other texts, including those with a different purpose (e.g. scientific texts). It is possible that in this context, 
task irrelevant experiences like mind-wandering may be more important and could possibly make a greater contribution to reading 
behavior. Second, our study was conducted in a population of Finnish readers but focused on a text about living in New York, and it 
could be possible that experiences would vary if people had more direct experience with the subject matter of what was being read (e.g. 
Smallwood et al., 2009). Third, we used mDES to capture a broad range of experiences that emerge while reading which defines 
experiential states as a series of dimensions which characterize significant variation in the self-reported data. This approach contrasts 
with traditional approaches that focus only a specific predefined features of experience (e.g. like zoning out, Smallwood et al., 2008). 
Our approach has several advantages over traditional methods. For example, by sampling multiple features of experience we can 
capture the landscape of experiences that emerge in a specific context in a way that is not possible in a study that targets only specific 
aspects of cognition (such as off task thought or mind-wandering). This approach is generalizable across contexts since it can be applied 
during laboratory tasks including reading, movie watching (Wallace et al., 2024), during brain imaging studies (e.g. Konu et al., 2020; 
Turnbull et al., 2019) and as people go about their daily lives (McKeown et al., 2020; Mulholland et al., 2023). This generality is 
achieved because mDES defines experiential states as emergent properties of the weighting of several questions rather than captured 
by specific questions. Other approaches which target specific aspects of experience in a single question are less generalizable because 
states that emerge during reading (such as immersion) would be less useful when studying states of sustained attention (where 
boredom rather than immersion is most likely the most common states. One important consequence of this generalizability of mDES is 
to allow thought patterns in different situations to be explicitly compared, identifying patterns of experience that are generalizable 
across situations to be explicitly identified (McKeown et al., 2025), helping identify the ecological validity of laboratory situations 
(Chitiz et al., 2025) and using tasks to identify the most likely cognitive processes to underpin covert states (McKeown et al., 2023). 
However, this approach uses data driven methods to characterize mental states and so is at odds with attempts to define mental states 
in a principled manner (e.g. Christoff et al., 2018). Fortunately, in the future it could be possible to build sufficiently large data sets 
(possibly using data gathered in the real world to ensure ecological validity) to identify the feature weightings that constitute the most 
important experiential states that humans engage in and to use these features as definitions of mental states in future studies of ongoing 
experience in reading and other task contexts.
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for the interpretation of the results and writing of the original draft of the manuscript. All authors contributed to reviewing and editing 
the manuscript.

CRediT authorship contribution statement
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