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Abstract

Mind wandering during reading has been extensively investigated, with multiple studies reporting differences in eye-move-
ment behavior between mind-wandering and on-task reading. More recently, researchers have tried to use eye-movement
measures to predict mind wandering during reading; however such indicators of mind wandering during reading have not yet
been clearly identified. This article presents results from two studies. Firstly, we carried out a meta-analysis to identify eye-
movement indicators of mind wandering during reading. From the initial search, abstracts from 140 articles were reviewed for
eligibility, and 39 articles were included for full text reading and data extraction. Finally, we identified 16 individual datasets
from 19 articles for which we could compute effect sizes. We calculated effect sizes for nine eye-movement measures: mean
fixation duration, fixations count, first-fixation duration, gaze duration, total reading time, saccade length, skipping, blink
count, and inter-word regressions. The results indicated that readers skipped more words and made fewer fixations during
mind-wandering compared to on-task reading. Following these results, we carried out exploratory analyses with a dataset
from our own lab to examine other possible explanations for this eye-movement pattern. Specifically, we investigated read-
ers’ sensitivity to word frequency and length and readers’ use of corrective regressions. Results indicated that readers show
reduced effects of word length and frequency on skipping behavior as well as a reduced use of corrective regressions during
mind-wandering compared to on-task reading. Results and implications from both studies are discussed in the context of
mind-wandering and reading research.
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Introduction

Mind wandering has been used to refer to a variety of
thought patterns that typically include instances in which
thoughts are unrelated to the stimuli and/or task at hand
(see Seli et al., 2018). In reading research, mind wandering
is most often conceptualized as an unintentional lapse of
attention occurring during a reading task (e.g., “mindless
reading”; Smallwood & Schooler, 2013), and it is typically
measured as instances of attention being either on or off
the task. In such instances of mind wandering, attention is
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decoupled from the stimuli and/or task at hand (e.g., the text
and/or the reading task), and tends to focus inwards, typi-
cally involving internal thoughts that may be related to past
events (e.g., what happened yesterday) or the future (e.g.,
what you will do once you graduate), or involve thoughts
related to other people (e.g., Ruby et al., 2013). Episodes
of inattention to the stimuli and/or task at hand are often
associated with negative impacts on task performance (e.g.,
Smallwood et al., 2004; but see Smallwood & Andrews-
Hanna, 2013, for discussion on positive effects of mind
wandering), particularly for tasks that put higher demands
on sustained attention and/or cognitive load such as reading
(e.g., see Randall et al., 2014, for a meta-analysis). Research
suggests that mind wandering may also be intentional (Seli
et al., 2016), in which case the lapse of attention is volun-
tary, and the contents of the thoughts during mind-wander-
ing episodes may vary (e.g., Ruby et al., 2013). However,
in the present meta-analysis, we will focus on the effects of
unintentional mind wandering characterized simply by being
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off-task, as most research in mind wandering during reading
has used this definition.

Mind wandering during reading

One area of research in which the impact of mind wandering
has gained a lot of interest is the study of reading. Indeed,
while many theories of reading assume that the reader
focuses their attention on the text content (see McNamara
& Magliano, 20009, for a review), research suggests that mind
wandering occurs around 20-40% of the time during read-
ing (Schooler et al., 2004). Text comprehension is a com-
plex cognitive task which requires sustained attention, from
visual processing of the stimuli (i.e., identifying individual
words) to higher-level processes that support language
comprehension (e.g., building a representation of the text).
Momentary inattention to the task can thus be expected to
influence the different cognitive processes that support text
comprehension.

The cascade model of inattention aims to explain how
mind wandering during reading may impact text compre-
hension (Smallwood, 2011). According to the model, when
attention is decoupled from the text, readers should be less
sensitive to linguistic characteristics of the text such as
word frequency, which in turn will impact a reader’s sen-
tence and proposition processing and ultimately negatively
impacts their representation and comprehension of the text.
In line with these predictions, research on the influence of
mind wandering on the cognitive processes that support
reading suggests that mind wandering negatively affects
reading at multiple levels of processing including early pro-
cesses of word identification (Foulsham et al., 2013; Reichle
et al., 2010; Smallwood et al., 2007; Smilek et al., 2010),
sentence processing (e.g., Zhang et al., 2020), as well as
higher-level discourse processes (e.g., inference making:
Smallwood et al., 2008), which in turn negatively affects
text comprehension (D’Mello & Mills, 2021; Franklin et al.,
2011; Mooneyham & Schooler, 2013; Schooler et al., 2004;
Smallwood et al., 2008; see Bonifacci et al., 2023, for a
meta-analysis). In other words, when readers mind wander
their attention is no longer on the text, hence leading to shal-
lower processing of the text (e.g., shallow lexical processing)
which ultimately leads to a less detailed and less accurate
mental representation of the meaning of the text (i.e., situ-
ation model).

Recent work has aimed to identify markers of mind-
wandering episodes in order to detect mind wandering as
it occurs and develop interventions to refocus the reader’s
attention to the text (e.g., Bixler & D’Mello, 2014, 2015,
2016, 2021). A great majority of this work has been carried
out using eye tracking, which provides an online measure
of cognitive processing during reading (see Rayner, 1998,
for a review).
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Research on mind wandering during reading suggests that
eye-movement behavior does differ between on-task read-
ing (in which the attention is focused on the text) and mind
wandering (in which the attention is focused elsewhere),
suggesting differences in cognitive processes involved in
reading during mind-wandering compared to on-task read-
ing (e.g., Reichle et al., 2010; Smilek et al., 2010). Much
of the literature on the impact of mind wandering on eye-
movement behavior during reading comes from cognitive
psychology experiments in which readers are asked to report
(typically following a prompt) whether they were mind wan-
dering or on task. This field of research primarily examines
two types of measures related to eye movements: fixations
(i.e., instances where the eye remains mostly stationary),
and saccades (i.e., fast movements through which the eye
moves from one viewing location to another), with saccades
including both forward movements in the text and backward
movements to previous parts of the text (i.e., regressions).
In addition, eye-movement research into mind wandering
has considered both word-level or local measures which
are calculated at the level of individual words (e.g., first-
fixation duration: the duration of the first fixation made on
a given word), and global measures which are calculated
and often aggregated over the whole text (e.g., average fixa-
tion duration). Results from such studies suggest that mind-
wandering episodes tend to be associated with longer text
reading times (Foulsham et al., 2013; Nguyen et al., 2014),
longer average fixation durations (Foulsham et al., 2013;
Gwizdka, 2019; Oyarzo et al., 2022), as well as higher rates
of word skipping (i.e., not fixating a word; Nguyen et al.,
2014; Zhang et al., 2020) and blinking (Frank et al., 2015;
Oyarzo et al., 2022; Smilek et al., 2010) compared to on-task
reading. These findings suggest that while readers may fix-
ate fewer words while they are mind wandering, they make
longer fixations on average, thus leading to longer overall
reading time, although some studies find no such relation-
ship between fixation durations and mind wandering.

However, the finding that readers make longer fixations
during mind-wandering compared to on-task reading is less
apparent in studies that report word-based or local fixation
measures (i.e., measures calculated for individual words)
compared to studies reporting global measures (i.e., meas-
ures calculated at the whole-text level). Indeed, results for
word-level fixation measures such as gaze duration (i.e., the
sum of all fixations made on a word during first-pass) or total
reading time (i.e., the sum of all fixations made on a word
including re-readings) are widely inconsistent across stud-
ies, as some findings suggest that mind wandering is associ-
ated with longer gaze durations and total reading time (e.g.,
Reichle et al., 2010), while others find the opposite (Nguyen
etal., 2014), or report no difference between mind-wander-
ing and on-task reading (e.g., Frank et al., 2015; Schad et al.,
2012; Zhang et al., 2020). Similarly, findings on the effect
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of mind wandering on saccadic movements during reading
(i.e., movements forward or backward in the text) are also
contradictory, with some studies finding that readers make
longer forward saccades during reading, which would be
in line with the finding that readers also skip more words
(Gwizdka, 2019; Nguyen et al., 2014), while others find the
opposite (Oyarzo et al., 2022), or do not find any impact of
mind wandering on saccade length (Foulsham et al., 2013).
Hence, while findings typically indicate that eye-movement
behavior does differ between on-task reading and mind wan-
dering, the contradictory findings across studies renders the
identification of possible useful predictors of mind wander-
ing difficult.

More recently, however, this predictive relationship
between eye-movement measures and mind wandering has
been investigated more directly in studies using machine-
learning methods to predict mind-wandering episodes
from eye-movement behavior during reading. Such studies
show that features of eye-movement measures can be used
to predict mind wandering with above-chance accuracy
(59-72%: Bixler & D’Mello 2014; 74%: Bixler & D’Mello,
2015; 60-72%: Bixler & D’Mello 2016), and are generally
in line with other work suggesting that mind wandering is
typically associated with fewer and longer fixations (Bixler
et al., 2015; Faber et al., 2018). In addition, results showing
the most useful predictors of mind wandering suggest that
global measures tend to be more useful in predicting mind
wandering compared to word-based measures, as word-
based measures typically only minimally improve models
over and above models that only include global measures as
predictors. In addition, these studies suggest that measures
of the spread and shape of the distribution of eye-movement
measures (e.g., standard deviation, kurtosis) are useful pre-
dictors of mind wandering as well as the more commonly
used measures of central tendency reported in other works
(e.g., mean fixation duration). While the importance of
measures of variance in eye-movement behavior suggests
that mind-wandering episodes may be reflected in the regu-
larity of gaze behavior, much of these measures are much
harder to interpret in relation to cognitive processing (e.g.,
fixation duration kurtosis). Thus, while such studies pro-
vide evidence that eye-movement measures can be used to
predict mind wandering during reading, and provide addi-
tional information as to which measures are most useful in
accurately predicting mind wandering, they tend to be less
informative about the strength and direction of the relation-
ship between individual eye-movement measures and mind
wandering as such methods do not necessarily tell us how
the model uses the eye-movement features to predict mind
wandering.

Taken together, results from both cognitive psychology
experiments and machine learning studies show that eye-
movement behavior is influenced by mind wandering during

reading compared to on-task reading, and that eye-move-
ment features can be used to predict mind wandering during
reading. Nevertheless, to date, eye-movement markers of
mind wandering during reading have not been clearly iden-
tified, thus rendering the identification of mind-wandering
episodes during reading difficult. In this article, we present
results from two studies. First, we present the results of a
meta-analysis on the differences in eye-movement behav-
ior between on-task reading and mind wandering, with the
aim of identifying possible eye-movement markers of mind
wandering during reading. Second, we present results from
exploratory analyses that aim to shed light on the results of
the meta-analysis.

Aim and research questions

The principal aim of this article is to identify potential eye-
movement markers of mind wandering during reading. In a
meta-analysis, we first identified eye-movement measures
commonly reported in experiments investigating eye-move-
ment behavior during mind wandering compared to on-task
reading. We then calculated effect sizes for these measures
comparing mind-wandering episodes to on-task reading in
order to identify candidates for useful predictors of mind
wandering during reading. Based on these results, we con-
ducted exploratory analyses on a dataset from our own lab
to further inform the relationship between eye movements
and mind wandering by exploring possible explanations for
the results of the meta-analysis. This article aims to answer
two main research questions:

1) How is mind wandering reflected in eye-movement
measures during reading?

2) What differences in cognitive processing and reading
behavior are reflected by eye-movement behavior indica-
tive of mind wandering during reading?

Study 1: Meta-analysis

Research on the impact of mind wandering, when defined
as “task-unrelated thought”, shows that mind wandering
is typically associated with poorer reading comprehen-
sion outcomes. As a result, researchers have investigated
the possibility of detecting such mind-wandering episodes
using eye-movement measures (e.g., Bixler & D’Mello,
2014, 2015, 2016; Bixler et al., 2015; Faber et al., 2018;
Gwizdka, 2019), which could provide an online measure of
lapses of attention during reading. However, as noted earlier,
such eye-movement markers of “mindless reading” have not
yet been clearly identified. Hence, the principal aim of this
meta-analysis was to identify possible candidates for eye-
movement markers of mind wandering during reading.
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Method
Inclusion and exclusion criteria

A systematic search was carried out following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Moher et al., 2010). An
initial search was conducted using the following databases:
PsychInfo (EBSCO), PubMed, Web of Science, and Sco-
pus. This search was conducted in September 2023. Search
terms included common-used terms for mind wandering
when defined as task-unrelated thoughts (“mind-wandering,”
“day-dreaming,” “self-generated thoughts,” “mindless read-
ing,” “zoning out,” “tuning out,” “transportation,” “stimulus
independent thought,” “task-unrelated thoughts™) as well as
restricted the search to the use of eye-tracking methodology
(“eye-tracking,” “eye movements,” “gaze behavior”) and
to reading as the main task (“reading,” “text comprehen-
sion”). All search terms were included at once (e.g., “mind-
wandering” OR “day-dreaming”) using the term AND
between groups of terms to restrict the search to articles

LR
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using eye-tracking technology to investigate mind wandering
during reading. In addition to this initial search, we looked
for additional studies in the reference list of included arti-
cles, and contacted authors about possible unpublished data-
sets that we should include. None of the contacted authors
reported any unpublished dataset that should be included
in our meta-analysis. However, we did include one unpub-
lished dataset from our own laboratory. The article search
and selection process and outcome is illustrated in Fig. 1.
The initial search for publications yielded 243 papers
across databases. After removing duplicates, 140 article
abstracts were reviewed for eligibility independently by
two coders (first and third authors). Articles were excluded
if they did not report any experimental data (e.g., review),
did not include reading as at least one of the tasks, did not
investigate mind wandering (e.g., mindless reading studies
using the masked reading paradigm), or did not report eye-
movement data (e.g., only reading times reported). Coders
initially had conflicting opinions on the eligibility of 14
papers which were resolved by reading the articles in full
by both coders. These 14 articles were ultimately excluded

Studies identified by (

search (n = 243)
PubMed (n = 25)
Scopus (n = 65)

-

Duplicates

removed (n=103)

PsychInfo (n = 50)
Web of Science (n=103)
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Full text reading of articles
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Conflict (n=14)
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Conflict resolution. ]

Additional studies
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Include (n =1)
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[ Dataset extraction (n = 23) ]_>

From article (n = 10)
From authors (n = 2)

Unavailable (n = 5)
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Data availability
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Datasets (n = 2)

OSF (n=1)

Datasets included Ve
Meta-analysis (n = 16)
Review (n =95)

Unpublished Data
Own dataset (n=1)

/

Fig. 1 Article selection process
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by both reviewers with 100% agreement. Following this ini-
tial exclusion round, 39 articles were read in full to further
assess eligibility. Exclusion was based on the same criteria
as for the abstracts, such that articles were excluded if they
did not report experimental data, did not include reading as
a task, did not investigate mind wandering or did not report
eye-movement data. Of those, 22 articles were included for
analysis, and an additional article was included from the ref-
erence lists of the articles read, for a total of 23 articles. We
then extracted data for all eye-movement measures reported
in these articles. In cases where a dataset was reported in
more than one article, duplicates of the datasets were not
included. For articles in which more than one experiment
was reported, the data from each eligible experiment was
treated as a separate dataset. In cases where the information
reported in the article was not sufficient to calculate effect
sizes, the authors were contacted to ask for either the dataset
or descriptive statistics (mean and standard deviation) for the
eye-tracking measures reported. Lastly, we included one (not
yet published) dataset collected in our own lab that matched
our inclusion criteria. In total, data could be extracted from
16 datasets across the 23 articles.

Data collection
Eye-movement measures

We identified possible outcome variables (i.e., eye-move-
ment measures) of interest according to two criteria. First,
we identified measures that were commonly reported across
datasets. As the measures reported across studies varied,
we included only measures for which data were available
from at least three datasets (see Valentine et al., 2010, for a
discussion on the minimum number of studies necessary for
a meta-analysis). Secondly, we focused on eye-movement
measures that are commonly reported in the eye-tracking and
reading literature to ensure a plausible interpretation of any
effect found. We thus identified and computed effect sizes
for 11 measures that matched our inclusion criteria, namely
six global measures (i.e., measures calculated at the whole-
text or analysis-window level in instances where the data
were analyzed over a specific time window prior to answer-
ing the prompt) and five word-level measures (i.e., measures
calculated for each word). Our six global measures were:

(1) Mean fixation duration (the average fixation duration
across all words in the text/window);

(2) Mean saccade length (i.e., the average length of sac-
cades made across the whole text/window);

(3) Skipping' rate (i.e., the proportion of words that were
never fixated during reading);

(4) Blink count (i.e., the number of blinks during reading
the whole text/window);

(5) Trial-level fixation count (i.e., the number of fixations
made during the whole trial/window); and

(6) Trial-level total reading time (i.e., the total time a par-
ticipant took to read the passage/sentence).

In addition, we calculated effect sizes for the following
word-level measures:

(7) First-fixation duration (i.e., the duration of the first
fixation made on a word);
(8) Gaze duration (i.e., the sum of all fixations made on
word before it is exited to the right or the left);
(9) Total reading time (i.e., the sum of all fixations made
on a word including re-fixations);
(10) Fixation count (i.e., number of times a word was fix-
ated); and
(11) Inter-word regressions count (i.e., number of look-
backs made from a word to a previous word in the
text). These measures and their definitions for each
article are provided in Table 1.

As indicated in Table 1, the name of the measure used by some
authors did not always match across studies or with the most com-
monly used terms in the literature. Hence each variable defini-
tion was carefully checked and validated by one of the authors to
ensure that the measures were the same across datasets.

Calculating effect sizes

The effect sizes were computed following the guidelines
suggested by Cumming (2013). The decision tree and sam-
ple sizes for computing the effect sizes are shown in Fig. 2.
For measures expressed as proportional values (i.e., skip-
ping), we computed Cohen’s h (Cohen, 1977, Formula 6.2.2)
using formula

(1). Cohen’s h is an arcsine transformation of the differ-
ence in two proportions, used to describe the distance
between two conditions P1 and P2, in which P1 is the

! Skipping is a measure that is often reported as “first-pass” skip-
ping, indicating whether a word is skipped during first pass and
including words that may be fixated later on during reading. However,
this measure was only reported in one article (Reichle et al., 2010)
while all other articles calculated skipping rates as words that were
never fixated during reading.
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Table 1 Eye-Movement Measures Definitions

Measure

Article

Variable Name

Variable Definition

Mean Fixation Duration (n = 6) Faber et al. (2020)

Mean Saccade Length (n = 6)

Skipping (n =7)

Reading Time (n = 3)

Blink Count (n = 7)

Fixation Count Trial (n = 6)

Foulsham et al. (2013)

Gwizdka (2019)
Méziere et al. (2025)
Oyarzo et al. (2022)
Smilek et al. (2010)
Faber et al. (2020)

Foulsham et al. (2013)

Meéziere et al. (2025)
Nguyen et al. (2014) Exp 1 &2

Oyarzo et al. (2022)
Bixler and D'Mello, 2016
Méziere et al. (2025)

Nguyen et al. (2014) Exp 1 & 2

Schad et al. (2012)
Zhang et al., (2020) Exp 1 & 2

Foulsham et al. (2013)

Meéziere et al. (2025)
Steindorf and Rummel (2020)

Danckert et al. (2018)

Faber et al. (2018)

Faber et al. (2020)

Meéziére et al. (2025)

Oyarzo et al. (2022)

Smilek et al. (2010)

Steindorf and Rummel (2020)

Faber et al. (2020)

Foulsham et al. (2013)
Gwizdka (2019)

Meéziere et al. (2025)

Smilek et al. (2010)
Steindorf and Rummel (2020)

mean fixation duration
fixation duration

average fixation duration
mean fixation duration
fixation duration

average fixation duration
saccade amplitude

saccade length (letters)

saccade amplitude

saccade length in characters

average saccade length

skipping
skipping

word skipping
skipping

reading time

total time trial
reading time

blink rate

WindowBlinks
blink count
number of blinks
blink rate

blink count

Number of fixations

fixation count
fixation count
fixation count
fixation frequency

fixation count

“averaging across fixations [...] in each time
window” (p. 1208)

“average duration of all fixations on the
sentence” (p. 55)

mean of fixation duration.
mean of all fixations
average fixation duration
average fixation duration

“averaging across [...] saccades in each
time window” (p. 1208)

“average saccade length (excluding regres-
sions)” (p. 55)

mean saccade amplitude

“variables were averaged across all words
within a passage” (p.278)

“length of saccade trajectories” (p. 10)

proportions of words never fixated during
reading

“variables were averaged across all words
within a passage” (p.278)

Not specified, proportion.

“binary variable indicating whether the
analysis region was not fixated on through-
out the trial” (p. 4)

“the duration that the sentence was
displayed [...] terminated by a saccade
beyond the rightmost character” (p. 55)

Total time taken to read the paragraph

“time it took a participant to read a given
target sentence” (p. 169)

average blink rate

number of blinks in window

total number of blinks during trial
“total amount of blinks” (p.6)
“blinks/5 s” (Fig. 1. b, p.787)

“number of observed occurrences of [blinks]
during a given target sentence” (p.169)

“number of fixations [...] in each time win-
dow” (p. 1208)

sentence-level

whole time window

total number of fixations in trial
count over whole time-window

“number of observed occurrences [...] dur-
ing a given target sentence” (p.169)
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Table 1 (continued)

Measure Article Variable Name Variable Definition
First-Fixation Duration (n = 6) Bixler and D’Mello (2016) First Pass Fixations “First fixation on each word during the first
pass through the text” (p.46)
Meéziere et al. (2025) first-fixation duration duration of first fixation on a word

Nguyen et al. (2014) Exp 1 & 2 first-fixation duration
Schad et al. (2012) first-fixation duration

Steindorf and Rummel (2020) first-fixation duration

Gaze Duration (n = 8) Frank et al. (2015) YA"?! gaze duration

Méziere et al. (2025) gaze duration

Nguyen et al. (2014) Exp 1 &2 gaze duration
Reichle et al. (2010) gaze duration

Schad et al. (2012) gaze duration

Zhang et al. (2020) Exp 1 & 2 gaze duration

Total Reading Time (n = 7) Meéziere et al. (2025) total reading time
Nguyen et al. (2014) Exp 1 &2 total time
Reichle et al. (2010) total viewing time
Schad et al. (2012) total reading time

Zhang et al. (2020) Exp 1 & 2  total looking time

Fixation Count Word (n = 4) Meéziere et al. (2025) fixation count word

Nguyen et al. (2014) Exp 1 & 2 fixation count
Schad et al. (2012) number of passes

Interword Regressions (n =5)  Frank et al. (2015) YA & OA  interword regression

Reichle et al. (2010) interword regression count

Steindorf and Rummel (2020)  between-word regression count

Zhang et al. (2020) Exp 1 & 2  regressions-out

Not specified, word-level.

“duration of the first fixation on a word
(first-pass) irrespective of later eye move-
ments” (Supplementary Materials)

“average first fixation [...] for all words in
one target sentence” (p. 169)

“the time from first fixation on a word until a
fixation is made elsewhere” (p.270)

the sum of fixations made on a word during
first-pass

Not specified

“the sum of all first-pass fixations on a
word” (p. 1304)

“the cumulative duration of all first-pass
fixations per word” (p 184)

“the sum of all fixations from entering the
analysis region for the first time until leav-
ing the region” (p.4)

sum of all fixations made on a word

Not specified (word-level measure)

“the sum of all fixations on a word (includ-
ing those occurring after interword regres-
sions)” (p.1304)

“the cumulative duration of all fixations on a
word” (Supplementary Materials)

“the sum of all fixations on the analysis
region” (p.4)

number of fixations made on a word

word-level measure

“how often a word is read in total” (Sup-
plementary Material)

“probability of regressing to the target
word”(p.55)

“saccades back to words that occurred
earlier in the text” (p.1303)

“number of observed occurrences of [regres-
sions] during a given target sentence”
(p-169)

“a count variable indicating the number of
regressions from the analysis region to
previous words”

ZFor this measure, data was only available for the young adult sample

2).

proportion in the mind-wandering condition and P2 In this formula, Cohen’s d is computed by taking the dif-
on-task. For other measures, if the mean and stand- ference of the means of the two conditions, and standardiz-
ard deviation were available, we calculated Cohen’s  ing it with the standard deviation of the on-task (task-related
d using formula thoughts; TRT) condition, thus using it as the baseline. In
Adapted from Cumming (2013, Formula 11.8). cases where the article did not report sufficient data to com-

pute the effect size this way, we used r-values, which we
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Proportion
Variable
(m=7)

Cohen’s h, Formula (1)

Mean and
SD
(n=47)

Cohen’s d, Formula (2)

t-statistics
values
(n=9)

Cohen’s d, Formula (3)

Partial eta
squared
(n=1)

Cohen’s d, Formula (4)

Fig.2 Decision tree for calculating effect sizes. The decision tree shows the sample sizes and formula used for computing the effect size for each
eye-movement measure based on the type of measure and available information

converted to an effect size with formula (3) following a  t-value and scaling it with a ratio of the sample sizes of
methodology suggested by Borenstein et al. (2009, p. 228),  two independent groups. For one paper, partial eta squared
in which the effect size is computed using the reported  was reported, which we transformed into Cohen’s d using
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formula (4). Lastly, all effect sizes were further transformed
to unbiased estimates of Cohen’s d (Cumming, 2013).

In instances where authors reported data for more than
one analysis window (see Table 1), we calculated the aver-
age across time windows so as to only have one value per
dataset. This was done in part because there was no stand-
ard window size across articles, such that no window size(s)
could be chosen for comparison across datasets. Addition-
ally, if there was more than one participant sample within
the same study, we treated them as separate samples and
calculated effect sizes for each sample separately. For exam-
ple, the young adult and older adult samples in Frank et al.
(2015) were treated as two separate datasets. This was done
as research shows that younger and older adults differ in
their eye-movement behavior and processing (see Zhang
et al., 2022, for a meta-analysis) and hence they may have
different results when it comes to mind wandering. Con-
cerning one of the studies (Nguyen et al., 2014, Experi-
ment 2), we only acknowledged the between-participant
measures, since sufficient data for calculating the effect
size were not available for within-participant measures. A
handful of studies also allowed participants to report mind
wandering during the experiments if they caught them-
selves mind wandering (n = 3), and thus made a distinction
between prompt-caught and self-caught mind wandering
in their analysis of eye-movement behavior. However, too
few studies reported this distinction to calculate effect sizes
for this analysis, hence we only considered prompt-caught
episodes of mind wandering and did not include values for
self-caught mind wandering. Across studies, mind wander-
ing was defined as unintentional lapses of attention from the
text, thus we could not include or compare results across
different types of mind-wandering or thought patterns. The
definitions of mind wandering used in each study are shown
in Table 2.

All analyses were carried out in R statistical software (R
Core Team, 2023, version 4.3.1). Once we calculated effect
sizes and standard errors for each measure, the summary effect
sizes were computed with random-effects models using the
DerSimonian-Laird method with the “metaphor” package
(version 4.4.0, Viechtbauer, 2010). The forest plots were cre-
ated with the “metaviz” package (version 0.3.1, Kossmeier
et al., 2020). The analysis code and data are available at https://
osf.io/vodr2/.

(D). h= 2<arcsinm - arcsin@)
2). d= Yo

(3). d= t\fI

@). d= (n—Dn?

Results
Overview of the included studies

Characteristics of the studies for which data were extracted
are summarized in Table 2. Most of the studies were con-
ducted in English (n = 11), two were conducted in German,
one in Spanish, and one in Finnish. Most studies were con-
ducted with university students (n = 10), one included older
adults, and two were conducted with school-aged children.
Most experiments used passages of text as the stimuli (n =
12) from existing works of fiction (e.g., “War and Peace” by
Tolstoi) or non-fiction (e.g., “Musicophilia: Tales of Music
and the Brain” by Oliver Sacks), although the length of
the passages varied greatly from ~ 150 words to the whole
of Jane Austen’s “Sense and Sensibility.” Only four data-
sets used single sentences as stimuli, which typically also
included some experimental manipulations such as word
frequency or garden-path structures.

Articles included for data extraction typically fell into
two main categories: experiments investigating the influ-
ence of mind wandering on eye-movement behavior during
reading (n = 14), and machine-learning studies focusing on
predicting mind-wandering episodes from eye-movement
features (n = 6; although five of these used the same data-
set). As a result, the analysis methods varied across studies.
Machine-learning studies primarily tested the usefulness of
eye-tracking measures and machine-learning algorithms to
predict mind wandering during reading, while other stud-
ies investigated the effect of mind wandering on eye move-
ments. This difference in aims also led to differences in
the type and number of eye-movement features used and
reported across studies. Indeed, machine-learning studies
typically extracted more eye-movement measures (e.g., 66
features of eye-movement behavior were extracted in Bixler
and D’Mello, 2015), and tended to include measures that
are less commonly used in eye-tracking research and which
do not have a common interpretation as to cognitive pro-
cessing in the literature (e.g., kurtosis of fixation durations).
The window of analysis also varied greatly across studies,
and fell into two categories such that eye-tracking measures
were collected and aggregated either over the whole trial/
sentence (n = 7), or only for a specific region of interest/time
window (n = 8). For articles in which a time window was
used, the size of the window varied both within and across
studies such that there was no standard time window used
to examine eye-movement behavior during mind wandering.

Most of the studies collected eye-movement data with
EyeLink eye trackers (n = 12) or Tobii eye trackers (n = 3),
which are the most commonly used eye trackers in reading
research. The eye trackers were set up with a sampling rate
of at least 500 Hz in most studies (n = 12), although studies
using Tobii eye trackers tended to have lower sampling rates

@ Springer
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(< 500). Few studies reported which algorithm was used to
detect saccades and fixations from the raw eye-movement
data, although it is likely that studies using EyeLink eye
trackers used the SR Research software DataViewer. As
pointed out by a reviewer, such differences between studies
in sampling rate, algorithm for saccade and fixation extrac-
tion, as well as pre-processing of the data are likely to impact
data quality. In the sample of studies included in the meta-
analysis, however, we did not find any evidence that studies
using a particular eye tracker (e.g., EyeLink vs. Tobii) or
sampling rate (over or below 500 Hz) were more likely to
show significant effects or effects in a particular direction.
Across studies, mind wandering was typically defined
as “thinking about something other than the text.” While a
handful of studies did investigate other types of mind wan-
dering, there were not enough data across datasets for us
to include them. Hence, we only included data from mind-
wandering episodes defined as unintentional task-unrelated
thoughts (see Limitations). Nearly all studies identified
mind-wandering episodes by prompting participants at
regular or semi-regular intervals during reading and asking
them to report whether they were on-task or not (n = 14).
One exception was the study by Nguyen et al. (2014), in
which mind wandering was identified by expert raters based
on visualization of eye-movement patterns during reading.

Eye-movement markers of mind wandering

The summary effect sizes and confidence intervals for each
measure are shown in Table 3. Results of the meta-analy-
sis indicated that only two eye-movement measures were
significantly impacted by mind wandering compared to
on-task reading. Of our six global measures, only skipping
rate was significantly different between mind-wandering
episodes and on-task reading, such that readers skipped
more words during mind wandering (d = —0.24, 95% CI:
—0.40 to —0.07). The I* heterogeneity index in this model
was 39%, suggesting low to moderate heterogeneity. Of our
five word-level measures, only number of fixations per word
was significantly related to mind wandering (d = 0.90, 95%
CI: 0.30-1.50), as readers made fewer fixations per word
during mind-wandering compared to on-task reading. The />
heterogeneity index in this model was 89%, suggesting high
heterogeneity. These effects are illustrated in Fig. 3.

In addition to the studies included in the effect-size cal-
culations, we identified six studies that fulfilled the inclu-
sion criteria but which did not report the necessary infor-
mation to calculate the effect-size estimates and for which
we did not get access to the data (Bixler & D’Mello, 2021;
Brishtel et al., 2020; D’Mello et al., 2016, 2017; Hutt et al.,
2024; Uzzaman & Joordens, 2011). While the data from
these papers could not be included in the meta-analysis,
we review their findings here as to possible indicators of

@ Springer

Table 3 Effect sizes and confidence intervals for each eye-movement
measure

Measure Cohen’sd  95% confidence interval
(unbiased)

Mean fixation duration (n = 6) —0.41 [—-0.92, 0.11]

Mean saccade length (n = 6) 0.24 [-0.11, 0.60]

Skipping rate (n = 7) —-0.24 [—0.40, —0.07]

Blink count (n = 7) 0.01 [-0.21, 0.23]

Trial-level fixation count (n 0.01 [-0.22, 0.23]
=0)

Trial-level total reading time -0.23 [-0.52, 0.06]
(n=3)

First-fixation duration (n =6)  —0.10 [-0.27, 0.08]

Gaze duration (n = 8) 0.02 [-0.12, 0.16]

Total reading time (n = 7) 0.07 [-0.10, 0.24]

Fixation count (n = 4) 0.90 [0.30, 1.50]

Inter-word regression count -0.15 [—0.46, 0.16]

(n=3)

Positive effect sizes indicate higher values during on-task reading,
and negative values indicate higher values during mind wandering.
Bold font indicates that the 95% confidence interval does not include
0

mind wandering that may not have been identified in the
meta-analysis. Uzzaman and Joordens (2011) compared
eye-movement measures during mind-wandering and on-
task thought, and found that the number of within-word
regressions and number of visits to a word were reduced
during mind wandering. Moreover, the number of fixations
and saccades was lower during mind-wandering episodes
than during on-task reading, even though these effects did
not reach statistical significance. Hutt et al. (2024) used a
webcam-based eye tracker and applied a set of different clas-
sifiers to predict mind-wandering episodes on the basis of
the eye-movement data, and showed that a combination of
local (i.e., AOI-based measures) and global (i.e., number of
gazes and their dispersion on the screen) measures was the
best predictor of mind-wandering episodes. However, they
did not report which measures ranked the best. In contrast,
in studies reported by D’Mello and colleagues (2016, 2017),
the best models only included global eye-movement features.
Bixler and D’Mello (2021) and Brishtel et al. (2020) used
machine learning to predict mind wandering during reading,
but they only reported the best eye-movement features that
predict mind wandering. In the study by Bixler and D’Mello
(2021), these features were related to saccade velocity, dura-
tion, amplitude, and angle. Median fixation duration and
blink count were also among the best predictive features.
Brishtel et al. (2020) also found that parameters related to
saccade velocity and angle and maximum fixation duration
were among the best predictors of mind wandering. In addi-
tion, they reported that the number of regressions, mean
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Fig.3 Summary of effect sizes for significant measures. Summary of
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per word (B). Positive effect sizes indicate higher values during on-

regression length, and parameters related to pupil size were
predictors of mind wandering. Even though the results of
these studies seem variable, they do suggest that saccadic
activity, and possibly regressive eye movements, differenti-
ate between mind-wandering and on-task reading.

Publication bias and selective reporting

Possible publication bias was investigated by visualizing
funnel plots for each eye-tracking measure reported in the
meta-analysis using the “metafor” package (version 4.4.0,
Viechtbauer, 2010). The funnel plots for skipping rates and
word-level fixation number are shown in Figs. 4 and 5 (see
Online Supplementary Material for funnel plots for all meas-
ures). The funnel plots do not suggest publication biases for
either measure. However, the number of studies is rather
limited, especially for word-level fixation counts, hence clear
signs of publication bias may be difficult to identify.

Discussion

The results of this meta-analysis suggest that mind wan-
dering, when defined as instances of “unintentional task-
unrelated thoughts,” is associated with higher overall
skipping rates and fewer fixations per word. While these
results might be expected to go hand in hand with faster
reading speed due to fewer words being fixated during
reading and fewer fixations on individual words, such
reduced reading times were not found for any of the global

Schad et al. (2012) 4 | L

Nguyen et al. (2014) exp14 | L 3
Nguyen et al

2014) exp2 4

Meziere et al. (2024) 4

. =

2= 0.8873 12 = 0.3408

Summary effect

0.5 1.0 15 20
Cohen's dynpiased

task reading, and negative values indicate higher values during mind
wandering. Heterogeneity indexes I? and 77 are also included

or local fixation duration measures included in the analy-
sis. On the contrary, we found small to medium effect sizes
for mean fixation durations (d = —0.41), mean saccade
length (d = 0.24), and total trial reading times (d = —0.23),
suggesting that mind wandering may be associated with
longer overall reading times as well as longer fixations and
shorter saccades. This would be in line with previous find-
ings suggesting that mind wandering might be predicted
by longer fixations and overall reading times (e.g., Bixler
& D’Mello, 2016; Bixler et al., 2015; Faber et al., 2018).
However, these effects were not significant in this meta-
analysis, which may be due in part to the small number of
studies available for the analysis, leading to large confi-
dence intervals. Indeed, an important caveat to the results
of the meta-analysis is that for most of the measures we
included the number of datapoints was very limited. While
we identified 16 datasets we could include in the analysis,
the most commonly reported measure across datasets (i.e.,
gaze duration) was only reported (or available) for eight
(i.e., 50%), and for the less commonly reported measures
only three (i.e., 18.75%) datapoints were available. Hence,
the lack of significant effects may be due, at least in some
cases, to the low number of datapoints available for our
analysis (see Limitations).

Results from the meta-analysis suggest that word-skip-
ping behavior and the number of fixations per word are use-
ful indicators of mind wandering during reading. In the next
sections, we report results from additional exploratory analy-
ses in which we aimed to further understand these results by

@ Springer
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examining skipping behavior during mind wandering com-
pared to on-task reading.

Limitations

An important limitation of the meta-analysis presented in
this article comes from the great variability across articles in
their methods, particularly in the number and types of eye-
tracking measures they reported, ranging from 1 (Danckert
et al., 2018) to 80 eye-tracking measures (Bixler & D’Mello,
2016). Indeed, as noted in earlier sections, there is no stand-
ard as to which eye-movement features were reported or
examined across studies. Hence, while a plethora of meas-
ures were considered as indicators of mind wandering across
all the studies reviewed in our meta-analysis, there were only
11 measures which were reported in at least three of the arti-
cles and for which we could calculate effect sizes. Thus, the
number of available data points across measures was quite
low, ranging from eight (gaze duration) to only three (trial-
level total reading time). It may therefore be that for some
of the measures included in our analysis we did not have
enough data points to reliably estimate the effect size. Nev-
ertheless, while these numbers are low, recent discussion on
statistical power for running meta-analysis argues that as few
as two studies are enough to run a meta-analysis (Valentine

@ Springer

et al., 2010). In addition, the measures reported in the meta-
analysis are only a small subset of all the measures reported
across studies, and hence do not constitute an exhaustive list
of possible candidates for useful indicators of mind wander-
ing during reading. For example, as noted earlier, we were
not able to include measures of dispersion and shape of the
distribution in eye-movement behavior, or measures of sen-
sitivity to lexical properties of text, although these types of
measures are good candidates for eye-movement markers
of mind wandering during reading. Hence, while we did
identify two potential indicators of mind wandering, more
research looking at other types of eye-movement measures
is necessary to examine other useful predictors of mindless
reading.

Another important aspect in which studies varied was the
analysis window or area of interest on which the analysis
was carried out. We found that there is no standard in the
literature as to the size of the window of analysis to compare
mind-wandering episodes to on-task reading. An important
empirical question that arises is therefore whether the size
of the chosen analysis window has an impact on the results,
and how long before the probe readers were mind wander-
ing. Indeed, only a few articles considered multiple windows
of analysis, and typically found that the results could vary
across analysis windows (e.g., Faber et al., 2020; Reichle
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et al., 2010). However, given the variability of the window
of analysis across studies, we were not able to examine this
possible influence of the window size on the results, hence
we cannot be sure that the results of the meta-analysis gen-
eralize across analysis windows.

Lastly, as noted in earlier sections, this article focused
on research on mindless reading in which mind wandering
was defined as “involuntary task-unrelated thoughts,” as this
definition of mind wandering was commonly used across
the articles that came up in our search. Hence, an important
caveat of the results of the meta-analysis is that they may not
generalize to other types of mind wandering. Indeed, only a
few studies included other types of mind wandering in their
design and thus investigated not only the contrast between
on-task and off-task reading but also considered instances
of self-caught mind wandering (instances where the reader
detects they are mind wandering without being probed;
Oyarzo et al., 2022; Reichle et al., 2010), task-related inter-
ruptions (i.e., thoughts related to the text: Frank et al., 2015;
Steindorf & Rummel 2020), or intentional mind wandering
(Zhang et al., 2020). Importantly, findings across these stud-
ies do suggest that eye-movement behavior does differ not
only between on-task and off-task reading but also between
subtypes of mind wandering, thus suggesting that the results
of our meta-analysis cannot be taken to generalize to other

types of mind wandering. Therefore, these differences across
types of mind-wandering episodes call for further research
into the different types of mind wandering that occur dur-
ing reading, and how they affect the reading process includ-
ing eye-movement behavior, cognition, and comprehension
outcomes.

Study 2: Exploratory analyses

Following the results of the meta-analysis, we ran further
exploratory analyses in order to shed light on plausible inter-
pretations of the effect of mind wandering on eye-movement
behavior. Specifically, we considered two plausible expla-
nations for the finding that mind wandering was associated
with higher skipping rates and fewer fixations compared to
on-task reading by investigating possible effects of (1) char-
acteristics of the words that were or were not skipped, and
(2) when readers did and did not fixate words.

First, we considered possible differences in the effects
of word length and word frequency on skipping rates dur-
ing mind wandering compared to on-task reading. Indeed, a
plausible explanation for higher skipping rates and fewer fix-
ations during mind wandering may be due to readers being
less sensitive to linguistics variables of the text, as previous
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findings suggest that readers show a reduced word-frequency
effect during mind-wandering compared to on-task reading
(Reichle et al., 2010; Smilek et al., 2010). Hence, it may
be that, during mind wandering, readers are more likely to
skip infrequent and long words as they may make less use of
visual (i.e., word length) and linguistic (i.e., word frequency)
information compared to on-task reading. This would be in
line with the predictions of the cascade model of inatten-
tion proposed by Smallwood (2011), which posits that dur-
ing mind wandering readers’ lexical processing may be less
detailed compared to on-task reading, leading to a reduced
sensitivity to word characteristics such as word frequency.

Secondly, we considered when a word was skipped.
Indeed, the skipping rates included in the meta-analysis were
whole-text skipping rates, namely the proportion of words
that were never fixated during reading. This measure con-
trasts with first-pass skipping rates, which indicate words that
were skipped when they were first encountered, although they
may have been fixated later on during reading. This distinc-
tion is important, as words may be skipped during first pass
due to several reasons, such as (1) they are highly frequent,
predictable, and/or short words (Brysbaert & Vitu, 1998;
Driegue et al., 2004); (2) readers were able to identify the
word from parafoveal preview while fixating the previous
word (e.g., Blanchard et al., 1989); (3) oculo-motor error due
to overshooting (McConkie et al., 1988, 1994). Hence, while
successful word identification has typically occurred in the
first two cases, the latter case is often followed by a corrective
regression in which the reader returns to the skipped word in
order to identify it, as studies show that skipped words tend
to receive such immediate regressions much more often than
non-skipped words (Drieghe et al., 2004; Vitu & McConkie,
2000). A plausible explanation for higher overall skipping
rates during mind wandering could therefore be that readers
are less likely to make such corrective regressions during
mind-wandering compared to on-task reading.

In these exploratory analyses, we tested two hypotheses:

1) Readers will show reduced effects of word frequency
and word length on skipping rates during mind-wander-
ing compared to on-task reading.

2) Readers will be less likely to make corrective regres-
sions to a word skipped in first pass during mind-wan-
dering compared to on-task reading, particularly if the
words are long.

Methods
The dataset
We ran the exploratory analyses with a dataset collected in

our own lab. This dataset was collected for a study reported
in Méziere et al., 2025 which explored the relationship
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between eye-movement behavior during reading and immer-
sion. For convenience, we report the key details here.

Participants

The dataset contains eye-movement data from 56 native
Finnish speakers (51 women, 52 right-handed, mean age:
23.43 years).

Stimuli

Participants read passages from Siri Hustvedt’s novel “Mem-
ories of the Future” (Hustvedt, 2019). Participants could
read the text at their own pace and pressed the keyboard
to move to the next paragraph. The paragraphs were short,
ranging from 27 to 151 words, and participants spend on
average 30 s reading each paragraph (standard deviation
~14 s). The prompts occurred after 30 target paragraphs at
intervals of around 5 min between prompts, and the whole
experiment took around 2 h to complete.

Eye-movement data

Participants’ eye movements were collected with an EyeLink
1000 system (SR Research Ltd.) at a 1,000-Hz sampling
rate. Eye-movement features (i.e., fixations and saccades)
were extracted using the DataViewer software from SR
Research. The text was presented one paragraph at a time on
a computer screen using 15-point LucidaConsole and triple
line spaces. Eye-movement data were collected for the entire
time participants were reading the paragraphs.

Mind-wandering data

Participants were prompted after 30 target paragraphs using
a 13-item Multidimensional Experience Sampling (mDES)
questionnaire (Turnbull et al., 2019). The first item of this
questionnaire asked participants to answer on a scale from
1 to 4 whether they were on task (i.e., 4) or not (i.e., 1). As
only mind wandering was of interest in the current article,
we did not consider answers on any of the other 12 items of
the questionnaire. Mind wandering was defined as answers
1-2 on item 1, and on-task reading as answers 3—4. The
dataset is available at https://osf.io/kd8xa/.

Procedure

The experiment took place in a quiet laboratory at the Uni-
versity of Turku. Participants signed an informed consent
prior to participating in the experiment. They were told that
they would be reading passages from a novel, and to read at
their own pace, as they do when reading for pleasure. They
were then familiarized with the mDES questionnaire, and
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each item was explained to them. The eye tracker was then
calibrated using a 9-point calibration scheme, and partici-
pants completed a short example trial to familiarize them-
selves with the task. Each trial then started with a drift check
and participants could start reading by pressing the space bar
and moved to the next trial by pressing the space bar again.

Data analysis

The eye-movement data were cleaned using the “PopEye”
package in R (Schroeder, 2019). All analyses were con-
ducted in R (R Core Team, 2023). Linear models were run
using the “Ime4” package (Bates et al., 2015) and visualiza-
tions of results were produced using the “ggplot2” package
(Wickam, 2016), “sjPlot” package (Liidecke, 2024), and
“patchwork” package (Pedersen, 2024). Post hoc compari-
sons were run with the “emmeans” package (Lenth, 2024).

Firstly, we examined the effects of word length and word
frequency on skipping behavior during mind-wandering and
on-task reading. To do this, we ran linear mixed models with
skipping rates as our outcome variable, with mind wander-
ing, word length, or word frequency and their interaction
as predictors. Word frequency was log-transformed prior
to running the model to meet the normality assumption of
the model. As word length and word frequency are highly
correlated (r = —0.73), we ran separate models for each
variable. Whenever possible (i.e., model convergence), we
also included random intercepts and random slopes for par-
ticipants and items as random factors. To further examine
differences between mind-wandering and on-task reading at
different levels of word frequency and word length we ran
post hoc comparisons.

Secondly, we examined the effect of mind wandering on
the proportion of corrective regressions (i.e., regressions
following a word skipped during first pass) made during
reading. In this analysis, we only considered words that had
been skipped during first-pass reading. We investigated the
probability of making a corrective regression in two ways.
Firstly, we considered the number of words which were

Table 4 Output of word frequency and word length models

never fixated after being skipped during first pass, using
overall skipping rates as our outcome variable. Secondly,
we looked at regressions made into a word during first-pass
reading which had previously been skipped. To control for
the effects of word length on skipping rates, we included
word length and its interaction with mind wandering as pre-
dictors in this model. As word frequency and word length
were highly correlated, we did not control for word fre-
quency on top of controlling for word length. To examine
whether the effects of mind wandering on corrective sac-
cades at different levels of word length we also ran post hoc
comparisons.

Results
Word length and frequency effects on skipping rates

Our first exploratory analysis examined the effect of word
length and word frequency on skipping rates during mind-
wandering and on-task reading. The output of these models
is shown in Table 4. Results showed main effects of mind
wandering (b = 0.80, CI: = 0.60-1.01, p < 0.001), word
frequency (b = 0.40, CI = 0.39-0.41, p < 0.001), as well as
a significant interaction between the two (b = —0.04, CI =
—0.05 to —0.03, p < 0.001). The interaction showed that the
effect of word frequency on skipping rates was smaller dur-
ing mind-wandering compared to on-task reading. Post hoc
comparisons are shown in Table 5 and show that differences
in skipping rates between mind-wandering and on-task read-
ing were significant for low- (log frequency = 5), medium-
(log frequency = 10), and high-frequency (log frequency =
15) words but that this difference was largest for low- and
medium-frequency words. Similarly, results from the word
length models showed significant main effects of mind wan-
dering (b = —0.30, CI = —0.38 to —0.21, p < 0.001), word
length (b = —0.58, CI = =58 to —0.56, p < 0.001), and a
significant interaction (b = 0.08, CI = 0.06-0.09, p < 0.001),
such that the effect of word length was smaller during mind-
wandering than during on-task reading. These interactions

Predictor Word frequency Word length

b 95% CI b 95% CI
Intercept —7.32% -7.43t0-7.21 1.77* 1.60-1.94
Mind wandering 0.80* 0.60-1.01 —-0.30* —0.38 to —0. 21
Word frequency 0.40* 0.39-0.41
Word frequency * Mind wandering —0.04* —0.05 to —0.03
Word length -0.57* —0.58 to —0.56
Word length * Mind wandering 0.08%* 0.06-0.09

Output of the models for word frequency and word length on skipping rates

*=p <005
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Table 5 Pairwise comparison in skipping rates between on-task reading and mind wandering for low-frequency (log frequency of 5), medium-frequency (log frequency of 10), and high-fre-

quency words (log frequency of 15)

High-frequency words

Medium-frequency words

Low-frequency words

P

Z ratio

SE

P

7 ratio

SE

P

Z ratio

SE

0.05 -3.93 <.001

0.18

0.06 -6.22 <.001

-0.37

<.001

—-6.59

0.09

Mind wan- —0.56

dering

are illustrated in Fig. 6, showing that while readers did skip
short and frequent words more often than long and infre-
quent words in both conditions, they did so to a lesser extent
during mind wandering. The post hoc comparisons shown in
Table 6 are consistent with this and show that skipping rates
were lower during mind wandering compared to on-task
reading for short (five characters), medium (ten characters),
and long words (15 characters), but that this difference was
largest for medium and long words.

Corrective regressions

In our second exploratory analysis, we examined the prob-
ability of fixating a word that was skipped during first-pass
reading (i.e., a corrective regression). The output of these
models is shown in Table 7. The model with full skipping
rates as the outcome variable showed main effects of mind
wandering (b = 0.20, CI = 2.20-2.68, p = 0.006), word
length (b = —0.29, CI = —-0.31 to —0.27, p < 0.001), as well
as a significant interaction (b = —0.05, CI = —0.07 to —0.03,
p < 0.001), showing that readers were less likely to fixate a
word they had skipped during first-pass reading when they
were mind wandering, especially for long words. Pairwise
comparisons shown in Table 8 are in line with this, showing
that differences in skipping rates between mind-wandering
and on-task reading were only significant for medium and
long words (10 and 15 characters, respectively). The model
with first-pass regression probability as the outcome variable
only showed a significant interaction between word length
and mind wandering (b = 0.05, p = 0.05), such that readers
were less likely to make a regression into a word when they
were mind wandering and the word was long. These interac-
tions are illustrated in Fig. 7. Pairwise comparisons shown in
Table 9 are in line with this, showing that the differences in
the probabilities of making a regression into a word that was
skipped during first-pass reading were significantly lower
during mind wandering only for long words (15 characters).

Discussion

The aim of the exploratory analyses was to examine plausi-
ble explanations for the results of the meta-analysis. Specifi-
cally, we tested two hypotheses.

Our first hypothesis was that readers would show reduced
effects of word frequency and word length during mind wan-
dering compared to on-task reading. Our results showed that
the size of both the word-length and the word-frequency
effects were indeed reduced during mind-wandering epi-
sodes compared to on-task reading. These results are in
line with previous studies showing reduced effects of word
frequency and word length on fixation-duration measures
(Foulsham et al., 2013; Reichle et al., 2010; Schad et al.,
2012; Steindorf & Rummel, 2020; Uzzaman & Joordens,



Memory & Cognition

A B

60%

N

o
=]

=

Skipped Words

0%

10 15
Word Frequency (log)

60%

40%

20%

0%

Condition
— OnTask
=== OffTask

10 15 20
Word Length (chars)

Fig. 6 Effects of word frequency (A) and word length (B) on skipping rates as a function of participants’ being on-task or off-task

2011) such that while readers did fixate long/infrequent
words longer than short/frequent words, this difference
was significantly reduced and even non-significant in short
intervals before readers indicated that they had been mind
wandering (e.g., 2.5-10 s prior to the prompt; Reichle et al.,
2010). These results suggest that lexical processing differs
between on-task and off-task reading, as readers seem to be
less sensitive to lexical properties of words during mindless
reading. This is in line with Smallwood’s (2011) cascade
model of inattention which proposes that when attention
is decoupled from the text, lexical processing will be less
detailed compared to on-task reading, which would lead to
poorer mental representations of the text and in turn poorer
comprehension. Taken together, these results suggest that
readers’ sensitivity to lexical properties of the text may be a
useful indicator of mind-wandering episodes during reading.

Our second hypothesis was that the higher skipping rates
during mindless reading compared to on-task reading may
be due to readers making fewer corrective regressions (i.e.,
regressions back to a word that was accidentally skipped) dur-
ing mindless reading. Our results showed that readers were
indeed less likely to make a regression back to a word that they
had skipped during first pass when they were mind wandering
compared to on-task reading. This effect was only apparent for
longer words, however, as very short words (< five characters)
were skipped over 75% of the time during both on-task and
off-task reading. This suggests that the higher skipping rates
in mindless reading may be due (at least in part) to readers
not correcting for oculomotor errors such as overshooting, and
thus skipping a word that they meant to fixate and process.
This is also in line with the view that, during mindless read-
ing, readers’ lack of attention to the text may lead them to not

notice that a word was accidentally skipped and hence not cor-
rect the error. These results also suggest that while measures
of central tendency such as average overall skipping rates may
be useful indicators of mind wandering, measures indicative
of when a word is skipped may also be a useful (and perhaps
more discriminating) marker of mind wandering.

Limitations

The limitations of the additional analyses presented here are
similar to those discussed with regards to the meta-analysis.
Indeed, the dataset included eye-movement data collected
while participants read the entire paragraph that preceded the
prompt, hence we cannot generalize the results to other windows
of analysis including longer or shorter time windows prior to
the prompt. Indeed, in our analysis we aggregated data across
analysis windows for studies that reported results for more than
one window. Although this was done because no single window
could be chosen for the analysis, it is an important limitation as
it is likely that the results would be impacted by the size of the
analysis window. In addition, the design of the experiment did
not allow for participants to report instances of mind wandering
at times other than the prompt, so we could not examine whether
the results of our analyses replicated in instances where read-
ers caught themselves mind wandering without being prompted
(e.g., Reichle et al., 2010). Similarly, the mind-wandering data
used in these analyses defined mind wandering as being “off-
task™ (i.e., attention was not focused on the reading task) and
did not examine type or contents of the thoughts in more detail,
hence the results of these analyses may not generalize to other
types of mind wandering such as intentional mind wandering
(see Seli et al., 2016, 2018). The contents of the thoughts during
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Table 6 Effects of mind wandering on skipping rates per levels of word length

Long words

Medium words

Short words

P

z ratio

SE

P

z ratio

SE

P

Z ratio

SE

<.001

—10.28

0.08

—-0.86

<.001

-10.39

0.05

—-0.48

<.001

-4.51

0.02

—-0.09

Mind-

Wander-
ing

Table 7 Output of the corrective regression models

Predictor Words skipped Regressions

B 95% CI b 95% CI
Intercept 2.44%  2.20-2.68 1.95*% 1.57-2.33
Mind wandering 0.20*  0.06-0.34 -0.30 —0.64-0.05
Word length -0.29* —-0.31t0-0.27 -0.03 -0.07-0.01

Mind wandering —0.05* —0.07 to —0.03 0.05* 0.01-0.10
* Word length

Note. Output of the models on the probability making corrective
regressions after a word was skipped during first pass

*=p < 0.05

mind wandering may also vary on several dimensions (see, €.g.,
Ruby et al., 2013). Such distinctions are important as research
suggests that different types of thought patterns are reflected
differently in eye movements (e.g., Méziere et al., 2025).

General discussion

The primary aim of this article was to identify possible
eye-movement indicators of mind wandering (i.e., task-
unrelated thoughts) during reading. Taken together, the
results of the meta-analysis and the exploratory analyses
suggest that while some measures of central tendency in
eye-movement behavior such as overall skipping rates and
word-level fixation counts are useful indicators of mind
wandering, measures that more directly indicate differ-
ences in cognitive processing may also be useful indica-
tors of mindless reading. For example, the results sug-
gest that a reduced (or non-existent) sensitivity to lexical
properties of words such as word frequency or length can
be indicative of mindless reading as characterized by less
detailed lexical processing compared to on-task reading.
Similarly, while skipping rates may be useful indicators
of mind wandering, measures that take into account when
a word has been skipped may be a more sensitive measure
of mind wandering as it may help differentiate between
typical skipping behavior (e.g., skipping short/frequency/
predictable words) and atypical skipping behavior due
to the dissociation of attention from the text (e.g., over-
shooting not followed by a corrective regression). Hence,
these types of measures may be accurate indicators of
the type of mind wandering under investigation in this
article, namely instances in which the reader’s attention
is decoupled from the text. Indeed, while eye movements
during on-task reading have been shown to be impacted
by properties of the text (e.g., word-frequency effect),
the decoupling of attention from the text may reduce the
influence of lexical properties of the text on processing,
which may in turn be characterized by a “decoupling” of
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Table 8 The output of post hoc comparisons in corrective regressions (total words skipped from words that were skipped during first-pass read-
ing) for short (five characters), medium (ten characters), and long words (15 characters)

Short words Medium words Long words
b SE Z ratio p b SE Z ratio p b SE Z ratio p
Mind wan-  0.04 0.04 0.92 0.356 0.28 0.07 3.94 <0.001 0.51 0.12 4.26 <0.001
dering
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Fig. 7 The proportions of words that were never fixated (A) and regressed to during first-pass (B) after they were skipped during first pass, as a
function of participants’ being either on task or off task

Table 9 The output of post hoc comparisons in corrective regressions (probability of making a regression into a word that was skipped during
first-pass reading) for short (five characters), medium (ten characters), and long words (15 characters)

Short words Medium words Long words
B SE Z ratio P b SE Z ratio P b SE Z ratio P
Mind wan-  0.02 0.12 0.19 0.85 -0.25 0.15 —1.66 0.097 —0.52 0.23 -2.23 0.03
dering
eye movements and text properties (e.g., a reduced word-  the text, and the use (or lack thereof) of corrective regres-
frequency effect). sions. Lastly, this review identified important methodologi-

cal questions for future investigations of mindless reading,

namely the influence of the chosen window of analysis, as
Conclusion well as how different types of mind wandering are reflected

in eye-movement behavior.
In this article, we identified two potential indicators of task-
unrelated thoughts during reading, namely higher skipping
rates and fewer fixations per words. In addition, we identified
two types of eye-movement measures that require further ~ Author notes We would like to thank the authors of the included
investigation as possible indicators of mindless reading, articles who shared their data and/or descriptive statistics with us
namely readers’ reduced sensitivity to lexical properties of when possible.
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@ Springer


https://doi.org/10.3758/s13421-025-01797-8

Memory & Cognition

Authors’ contributions Diane C. Méziére was responsible for writing
the original draft of the article, and conducted the exploratory analy-
ses. Niilo E. Hautala conducted the analyses for the meta-analysis part
of the paper. All authors contributed to the conceptualization of the
project, the interpretation of the results, and the writing and editing
of the article.

Funding Open Access funding provided by University of Turku
(including Turku University Central Hospital). This study was funded
by the Research Council of Finland grant number 334266.

Data availability The data and materials used in the analyses presented
in this study are available at https://osf.io/kd8xa/. For the data and
materials used in the studies included in the meta-analysis, please con-
sult the articles themselves.

Code availability The code for the meta-analysis and the additional
analyses presented in this article are available at: https://osf.io/kd8xa/

Declarations

Ethics approval For the dataset collected in our own laboratory, the
study was approved by the Ethics Committee for Human Sciences at
the University of Turku. All participants signed an informed consent
form prior to participating in the study.

Consent to participate Not applicable to the dataset for the meta-analy-
sis. For the dataset used in Study 2, all participants signed an informed
consent form before participating in the study.

Consent for publication Not applicable to the dataset used in the meta-
analysis. All participants from Study 2 signed an informed consent
prior to participating in the study, including consent for publication.

Conflicts of interest The authors have no conflicts of interest to declare.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Bates, D., Méchler, M., Bolker, B., & Walker, S. (2015). Fitting linear
mixed-effects models using Ime4. Journal of Statistical Software,
67(1), 1-48. https://doi.org/10.18637/jss.v067.i01

Bixler, R., & D’Mello, S. (2014). Toward Fully Automated Person-
Independent Detection of Mind Wandering. In V. Dimitrova,
T. Kuflik, D. Chin, F. Ricci, P. Dolog, & G.-J. Houben (Eds.),
User Modeling, Adaptation, and Personalization (vol. 8538, pp.
37-48). Springer International Publishing. https://doi.org/10.
1007/978-3-319-08786-3_4

Bixler, R., & D’Mello, S. (2015). Automatic gaze-based detection of
mind wandering with metacognitive awareness. User Modeling,

@ Springer

Adaptation and Personalization: Proceedings 23 International
Conference, UMAP 2015, Dublin, Ireland, June 29--July 3, 2015
(pp- 31-43). Springer International Publishing.

Bixler, R., & D’Mello, S. (2016). Automatic gaze-based user-inde-
pendent detection of mind wandering during computerized read-
ing. User Modeling and User-Adapted Interaction, 26(1), 33—-68.
https://doi.org/10.1007/s11257-015-9167-1

Bixler, R., & D’Mello, S. (2021). Crossed Eyes: Domain Adaptation
for Gaze-Based Mind Wandering Models. ACM Symposium on
Eye Tracking Research and Applications (pp. 1-12). ACM. https://
doi.org/10.1145/3448017.3457386

Bixler, R., Blanchard, N., Garrison, L., & D’Mello, S. (2015). Auto-
matic Detection of Mind Wandering During Reading Using Gaze
and Physiology. Proceedings of the 2015 ACM on International
Conference on Multimodal Interaction (pp. 299-306). ACM.
https://doi.org/10.1145/2818346.2820742

Blanchard, H. E., Pollatsek, A., & Rayner, K. (1989). The acquisition
of parafoveal word information in reading. Perception & Psycho-
physics, 46(1), 85-94.

Bonifacci, P., Viroli, C., Vassura, C., Colombini, E., & Desideri, L.
(2023). The relationship between mind wandering and reading
comprehension: A meta-analysis. Psychonomic Bulletin & Review,
30(1), 40-59.

Borenstein, M., Cooper, H., Hedges, L., & Valentine, J. (2009). Effect
sizes for continuous data. The Handbook of Research Synthesis
and Meta-Analysis, 2, 221-235.

Brishtel, I., Khan, A. A., Schmidt, T., Dingler, T., Ishimaru, S., &
Dengel, A. (2020). Mind wandering in a multimodal reading set-
ting: Behavior analysis & automatic detection using eye-tracking
and an EDA sensor. Sensors, 20(9), 2546. https://doi.org/10.3390/
520092546

Brysbaert, M., & Vitu, F. (1998). Word skipping: Implications for theo-
ries of eye movement control in reading. In G. Underwood (Ed.),
Eye guidance in reading and scene perception (pp. 125-147).
Elsevier.

Cobhen, J. (1977). Statistical power analysis for the behavioral sciences
(Revised). Academic Press.

Cumming, G. (2013). Understanding the new statistics : effect sizes,
confidence intervals, and meta-analysis. Routledge. https://doi.
org/10.4324/9780203807002

D’Mello, S. K., & Mills, C. S. (2021). Mind wandering during read-
ing: An interdisciplinary and integrative review of psychological,
computing, and intervention research and theory. Language and
Linguistics Compass, 15(4), €12412. https://doi.org/10.1111/Inc3.
12412

Danckert, J., Hammerschmidt, T., Marty-Dugas, J., & Smilek, D.
(2018). Boredom: Under-aroused and restless. Consciousness and
Cognition, 61, 24-37. https://doi.org/10.1016/j.concog.2018.03.
014

D’Mello, S., Kopp, K., Bixler, R. E., & Bosch, N. (2016). Attending
to attention: Detecting and combating mind wandering during
computerized reading. Proceedings of the 2016 CHI conference
extended abstracts on human factors in computing systems (pp.
1661-1669). Association for Computing Machinery.

D’Mello, S. K., Mills, C., Bixler, R., & Bosch, N. (2017). Zone out No
More: Mitigating Mind Wandering during Computerized Reading.
International Educational Data Mining Society.

Drieghe, D., Brysbaert, M., Desmet, T., & De Baecke, C. (2004).
Word skipping in reading: On the interplay of linguistic and vis-
ual factors. European Journal of Cognitive Psychology, 16(1-2),
79-103. https://doi.org/10.1080/09541440340000141

Faber, M., Bixler, R., & D’Mello, S. K. (2018). An automated behav-
ioral measure of mind wandering during computerized reading.
Behavior Research Methods, 50(1), 134—150. https://doi.org/10.
3758/s13428-017-0857-y


https://osf.io/kd8xa/
https://osf.io/kd8xa/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1007/978-3-319-08786-3_4
https://doi.org/10.1007/978-3-319-08786-3_4
https://doi.org/10.1007/s11257-015-9167-1
https://doi.org/10.1145/3448017.3457386
https://doi.org/10.1145/3448017.3457386
https://doi.org/10.1145/2818346.2820742
https://doi.org/10.3390/s20092546
https://doi.org/10.3390/s20092546
https://doi.org/10.4324/9780203807002
https://doi.org/10.4324/9780203807002
https://doi.org/10.1111/lnc3.12412
https://doi.org/10.1111/lnc3.12412
https://doi.org/10.1016/j.concog.2018.03.014
https://doi.org/10.1016/j.concog.2018.03.014
https://doi.org/10.1080/09541440340000141
https://doi.org/10.3758/s13428-017-0857-y
https://doi.org/10.3758/s13428-017-0857-y

Memory & Cognition

Faber, M., Krasich, K., Bixler, R. E., Brockmole, J. R., & D’Mello, S.
K. (2020). The eye-mind wandering link: Identifying gaze indices
of mind wandering across tasks. Journal of Experimental Psychol-
ogy: Human Perception and Performance, 46(10), 1201-1221.
https://doi.org/10.1037/xhp0000743

Foulsham, T., Farley, J., & Kingstone, A. (2013). Mind wandering
in sentence reading: Decoupling the link between mind and eye.
Canadian Journal of Experimental Psychology/Revue Canadienne
De Psychologie Expérimentale, 67(1), 51-59. https://doi.org/10.
1037/a0030217

Frank, D. J., Nara, B., Zavagnin, M., Touron, D. R., & Kane, M. J.
(2015). Validating older adults’ reports of less mind-wandering:
An examination of eye movements and dispositional influences.
Psychology and Aging, 30(2), 266-278. https://doi.org/10.1037/
pag0000031

Franklin, M. S., Smallwood, J., & Schooler, J. W. (2011). Catching
the mind in flight: Using behavioral indices to detect mindless
reading in real time. Psychonomic Bulletin & Review, 18(5),
992-997. https://doi.org/10.3758/s13423-011-0109-6

Gwizdka, J. (2019). Exploring eye-tracking data for detection of
mind-wandering on web tasks. Information Systems and Neu-
roscience: NeurolS Retreat 2018 (pp. 47-55). Springer Inter-
national Publishing.

Hustvedt, S. (2019). Muistoja tulevaisuudesta (K. Rikman, Suom.).
Otava.

Hutt, S., Wong, A., Papoutsaki, A., Baker, R. S., Gold, J. 1., & Mills,
C. (2024). Webcam-based eye tracking to detect mind wander-
ing and comprehension errors. Behavior Research Methods,
56(1), 1-17. https://doi.org/10.3758/s13428-022-02040-x

Kossmeier, M., Tran, U., Voracek, M. (2020). _metaviz: Forest Plots,
Funnel Plots, and Visual Funnel Plot Inference for Meta-Anal-
ysis. R package version 0.3.1.

Lenth R (2024). _emmeans: Estimated Marginal Means, aka Least-
Squares Means_. R package version 1.10.5, https://CRAN.R-
project.org/package=emmeans

Liidecke D (2024). _sjPlot: Data Visualization for Statistics in Social
Science_. R package version 2.8.16, https://CRAN.R-project.
org/package=sjPlot

McConkie, G. W., Kerr, P. W., Reddix, M. D., & Zola, D. (1988).
Eye movement control during reading: I. The location of initial
eye fixations on words. Vision Research, 28(10), 1107-1118.

McConkie, G. W., Kerr, P. W., & Dyre, B. P. (1994). What are "nor-
mal’ eye movements during reading: Toward a mathematical
description. In J. Ygge & G. Lennerstrand (Eds.), Eye move-
ments in reading (pp. 315-327). Elsevier Science.

McNamara, D. S., & Magliano, J. (2009). Toward a Comprehensive
Model of Comprehension. In Psychology of Learning and Moti-
vation—Advances in Research and Theory (Vol. 51, Issue 09).
Elsevier Inc. https://doi.org/10.1016/S0079-7421(09)51009-2

Méziere, D., Kaakinen, J. K., Ranta, E., Kukkonen, K., Smallwood,
J., & Simola, J. (2025). Do eye movements reflect readers’
thoughts during reading? Evidence from multidimensional
experience sampling and eye movements. Consciousness and
Cognition, 134, Article 103918.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., Prisma Group.
(2010). Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. International Journal
of Surgery, 8(5), 336-341.

Mooneyham, B. W., & Schooler, J. W. (2013). The costs and benefits
of mind-wandering: A review. Canadian Journal of Experimen-
tal Psychology/Revue Canadienne De Psychologie Expérimen-
tale, 67(1), 11-18. https://doi.org/10.1037/a0031569

Nguyen, K.-V., Binder, K. S., Nemier, C., & Ardoin, S. P. (2014).
Gotcha! Catching kids during mindless reading. Scientific Stud-
ies of Reading, 18(4), 274-290. https://doi.org/10.1080/10888
438.2013.876424

Oyarzo, P., Preiss, D. D., & Cosmelli, D. (2022). Attentional and
meta-cognitive processes underlying mind wandering episodes
during continuous naturalistic reading are associated with spe-
cific changes in eye behavior. Psychophysiology, 59(4), Article
€13994. https://doi.org/10.1111/psyp.13994

Pedersen T (2024). _patchwork: The Composer of Plots_. R package
version 1.3.0, https://CRAN.R-project.org/package=patchwork

R Core Team. (2023). R: A Language and Environment for Statisti-
cal Computing. R Foundation for Statistical Computing. https://
www.R-project.org/

Randall, J. G., Oswald, F. L., & Beier, M. E. (2014). Mind-wander-
ing, cognition, and performance: A theory-driven meta-analysis
of attention regulation. Psychological Bulletin, 140(6), 1411-
1431. https://doi.org/10.1037/a0037428

Rayner, K. (1998). Eye movements in reading and information pro-
cessing: 20 years of research. Psychological Bulletin, 124(3), 372.

Reichle, E. D., Reineberg, A. E., & Schooler, J. W. (2010). Eye move-
ments during mindless reading. Psychological Science, 21(9),
1300-1310. https://doi.org/10.1177/0956797610378686

Ruby, F. J., Smallwood, J., Engen, H., & Singer, T. (2013). How self-
generated thought shapes mood—the relation between mind-
wandering and mood depends on the socio-temporal content of
thoughts. PloS one, 8(10), Article €77554.

Schad, D. J., Nuthmann, A., & Engbert, R. (2012). Your mind wanders
weakly, your mind wanders deeply: Objective measures reveal
mindless reading at different levels. Cognition, 125(2), 179-194.
https://doi.org/10.1016/j.cognition.2012.07.004

Schooler, J. W., Reichle, E. D., & Halpern, D. V. (2004). Zoning out
while reading: Evidence for dissociations between experience
and metaconsciousness. In D. T. Levin (Ed.), Thinking and see-
ing: Visual metacognition in adults and children (pp. 203-226).
Boston Review.

Schroeder, S. (2019). PopEye - An R package to analyse eye movement
data from reading experiments. GitHub repository. https://github.
com/sascha2schroeder/popEye

Seli, P., Risko, E. F., Smilek, D., & Schacter, D. L. (2016). Mind-
wandering with and without intention. Trends in Cognitive Sci-
ences, 20(8), 605-617.

Seli, P., Kane, M. J., Smallwood, J., Schacter, D. L., Maillet, D.,
Schooler, J. W., & Smilek, D. (2018). Mind-wandering as a natu-
ral kind: A family-resemblances view. Trends in Cognitive Sci-
ences, 22(6), 479-490.

Smallwood, J. (2011). Mind-wandering while reading: Attentional
decoupling, mindless reading and the cascade model of inatten-
tion. Language and Linguistics Compass, 5(2), 63-71.

Smallwood, J., & Andrews-Hanna, J. (2013). Not all minds that wander
are lost: The importance of a balanced perspective on the mind-
wandering state. Frontiers in Psychology, 4, 441.

Smallwood, J., & Schooler, J. W. (2013). The restless mind. Psychology
of Consciousness: Theory, Research, and Practice, 1(S), 130-149.
https://doi.org/10.1037/2326-5523.1.S.130

Smallwood, J., Davies, J. B., Heim, D., Finnigan, F., Sudberry, M.,
O’Connor, R., & Obonsawin, M. (2004). Subjective experience
and the attentional lapse: Task engagement and disengagement
during sustained attention. Consciousness and Cognition, 13(4),
657-690. https://doi.org/10.1016/j.concog.2004.06.003

Smallwood, J., Fishman, D. J., & Schooler, J. W. (2007). Counting the
cost of an absent mind: Mind wandering as an underrecognized
influence on educational performance. Psychonomic Bulletin &
Review, 14(2), 230-236. https://doi.org/10.3758/BF03194057

Smallwood, J., McSpadden, M., & Schooler, J. W. (2008). When attention
matters: The curious incident of the wandering mind. Memory &
Cognition, 36(6), 1144-1150. https://doi.org/10.3758/MC.36.6.1144

Smilek, D., Carriere, J. S. A., & Cheyne, J. A. (2010). Out of mind,
out of sight: Eye blinking as indicator and embodiment of mind

@ Springer


https://doi.org/10.1037/xhp0000743
https://doi.org/10.1037/a0030217
https://doi.org/10.1037/a0030217
https://doi.org/10.1037/pag0000031
https://doi.org/10.1037/pag0000031
https://doi.org/10.3758/s13423-011-0109-6
https://doi.org/10.3758/s13428-022-02040-x
https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=sjPlot
https://CRAN.R-project.org/package=sjPlot
https://doi.org/10.1016/S0079-7421(09)51009-2
https://doi.org/10.1037/a0031569
https://doi.org/10.1080/10888438.2013.876424
https://doi.org/10.1080/10888438.2013.876424
https://doi.org/10.1111/psyp.13994
https://CRAN.R-project.org/package=patchwork
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1037/a0037428
https://doi.org/10.1177/0956797610378686
https://doi.org/10.1016/j.cognition.2012.07.004
https://github.com/sascha2schroeder/popEye
https://github.com/sascha2schroeder/popEye
https://doi.org/10.1037/2326-5523.1.S.130
https://doi.org/10.1016/j.concog.2004.06.003
https://doi.org/10.3758/BF03194057
https://doi.org/10.3758/MC.36.6.1144

Memory & Cognition

wandering. Psychological Science, 21(6), 786—789. https://doi.
org/10.1177/0956797610368063

Steindorf, L., & Rummel, J. (2020). Do your eyes give you away? A
validation study of eye-movement measures used as indicators for
mindless reading. Behavior Research Methods, 52(1), 162-176.
https://doi.org/10.3758/s13428-019-01214-4

Turnbull, A., Wang, H. T., Murphy, C., Ho, N. S. P., Wang, X., Sormaz,
M., ..., & Smallwood, J. (2019). Left dorsolateral prefrontal cor-
tex supports context-dependent prioritisation of off-task thought.
Nature Communications, 10(1), 1-10.

Uzzaman, S., & Joordens, S. (2011). The eyes know what you are
thinking: Eye movements as an objective measure of mind wan-
dering. Consciousness and Cognition, 20(4), 1882—1886. https://
doi.org/10.1016/j.concog.2011.09.010

Valentine, J. C., Pigott, T. D., & Rothstein, H. R. (2010). How many stud-
ies do you need? A primer on statistical power for meta-analysis.
Journal of Educational and Behavioral Statistics, 35(2), 215-247.

Viechtbauer, W. (2010). Conducting meta-analyses in R with the meta-
for package. Journal of Statistical Software, 36(3), 1-48. https://
doi.org/10.18637/jss.v036.103

@ Springer

Vitu, F., & McConkie, G. W. (2000). Regressive Saccades and Word
Perception in Adult Reading. Reading as a Perceptual Process
(pp.- 301-326). North-Holland. https://doi.org/10.1016/B978-
008043642-5/50015-2

Wickham, H. (2016). ggplot2: Elegant Graphics for Data Analysis.
Springer-Verlag.

Zhang, H., Qu, C., Miller, K. F., & Cortina, K. S. (2020). Missing the
joke: Reduced rereading of garden-path jokes during mind-wan-
dering. Journal of Experimental Psychology: Learning, Memory,
and Cognition, 46(4), 638.

Zhang, J., Warrington, K. L., Li, L., Pagan, A., Paterson, K. B., White, S.
J., & McGowan, V. A. (2022). Are older adults more risky readers?
Evidence from meta-analysis. Psychology and Aging, 37(2), 239.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1177/0956797610368063
https://doi.org/10.1177/0956797610368063
https://doi.org/10.3758/s13428-019-01214-4
https://doi.org/10.1016/j.concog.2011.09.010
https://doi.org/10.1016/j.concog.2011.09.010
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1016/B978-008043642-5/50015-2
https://doi.org/10.1016/B978-008043642-5/50015-2

	Eye-movement markers of mind wandering during reading: A meta-analysis
	Abstract
	Introduction
	Mind wandering during reading
	Aim and research questions

	Study 1: Meta-analysis
	Method
	Inclusion and exclusion criteria

	Data collection
	Eye-movement measures

	Calculating effect sizes
	Results
	Overview of the included studies
	Eye-movement markers of mind wandering
	Publication bias and selective reporting

	Discussion
	Limitations


	Study 2: Exploratory analyses
	Methods
	The dataset
	Participants
	Stimuli
	Eye-movement data
	Mind-wandering data
	Procedure
	Data analysis

	Results
	Word length and frequency effects on skipping rates
	Corrective regressions

	Discussion
	Limitations


	General discussion
	Conclusion
	Author notes 
	References


