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ABSTRACT
Recent research on the use of eye movements to predict performance on reading comprehension tasks suggests that while eye 
movements may be used to measure comprehension, the relationship between eye-movement behavior and comprehension is 
influenced by differences in task demands between comprehension measures. In this study, we examined the usefulness of eye 
movements collected during reading with no additional task demands (a “read-only” condition) to predict comprehension ability 
as measured by a recall task. We collected eye-movement behavior from adult native speakers of English (N = 62, 46 females, 
mean age 26 years) while they read nine passages of fictional text in two conditions: a read-only condition with no additional 
task, and a recall condition where participants were asked to recall the story after reading it. We ran Bayesian logistic regres-
sion models to predict performance on the recall tasks from standard eye-tracking measures collected during the two reading 
conditions (read-only and recall). Eye-tracking measures collected in the read-only and recall conditions were both useful in 
predicting reading comprehension as measured by recall scores. Additionally, the relationship between eye-movement behavior 
and recall performance was similar for both reading conditions. In both cases, a combination of early and late measures was the 
best predictors of performance on the recall task. These findings demonstrate the usefulness of eye movements collected during 
reading with no additional task as predictors of reading comprehension ability.

Reading comprehension is one of the most complex cognitive 
tasks that we engage in daily life. Variance models of compre-
hension suggest that successful text comprehension necessi-
tates good word-reading or decoding skills, as well as good 
higher-level language comprehension such as the ability to 
make inferences (Gough and Tunmer 1986; Kim 2016, 2020a, 
2020b). Similarly, process models of text comprehension as-
sume that for successful comprehension, the reader must first 
identify and process the meaning of individual words (i.e., lex-
ical processing), integrate this meaning at the sentence level 
(e.g., syntactic processing) to ultimately build a mental repre-
sentation of the meaning of the text (i.e., a situational model: 

Kintsch 1994; McNamara and Magliano 2009). However, while 
theories of text comprehension typically all argue that success-
ful reading comprehension relies on good word reading and 
higher-level language comprehension skills (e.g., SVR, DIER, 
construction-intregration model), measures of these sub-skills 
and processes as well as measures of reading comprehension 
tend to lack validity. Indeed, recent research on reading com-
prehension assessments has raised doubts about their validity 
(e.g., see Mézière, Yu, Reichle, et  al.  2023). Different assess-
ments employ different combinations of reading materials 
(e.g., single sentences and long paragraphs of text), tasks (e.g., 
reading aloud vs. silently), and comprehension measures 
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(e.g., open-ended questions and cloze procedures), which may 
well explain why their scores are only moderately correlated 
(Cutting and Scarborough  2006; Keenan et  al.  2008; Nation 
and Snowling 1997; Mézière, Yu, Reichle, et al. 2023). These 
discrepancies would also explain why scores on reading com-
prehension assessments relate differently to scores on word-
reading, oral language, and working memory assessments 
(Andreassen and Bråten 2010; Best et al. 2008; Colenbrander 
et al. 2017; Cutting and Scarborough 2006; Francis et al. 2005; 
García and Cain 2014; Keenan et al. 2008; Kendeou et al. 2012; 
Nation and Snowling 1997; Spear-Swerling 2004).

The questionable validity of reading comprehension measures 
is problematic for the assessment of reading comprehension for 
both research and clinical purposes (Colenbrander et al. 2017; 
Collins et al. 2018; Keenan and Meenan 2014). Researchers have 
suggested a number of ways to overcome this problem, such 
as comparing performance on multiple assessments that vary 
in materials and comprehension measures (e.g., Cutting and 
Scarborough 2006; Keenan et al. 2008), carefully selecting as-
sessments that best match the reading tasks of interest (Mézière, 
Yu, Reichle, et al. 2023), and perhaps using new techniques that 
allow for more ecologically valid measurement of reading com-
prehension, such as eye tracking (Berzak et al. 2018; Copeland 
et al. 2014, 2016; Mézière, Yu, McArthur, et al. 2023; Mézière, 
Yu, Reichle, et al. 2023).

Eye-tracking has been widely used in reading research and has 
been successfully used to investigate the cognitive processes 
that support reading comprehension in experimental settings 
(for a review, see Rayner  2009). However, the relationship 
between eye movements and reading comprehension during 
what more closely resembles everyday reading (e.g., with more 
naturalistic texts and goals) is still under investigated. In the 
current study, we therefore explore whether eye movements 
can predict reading comprehension scores on a reading task 
that closely resembles “everyday reading”. Specifically, we ex-
amine the possibility of developing a measure of reading com-
prehension based on eye-movement behavior by including a 
“read-only” condition with no additional explicit comprehen-
sion tasks (e.g., comprehension questions) and investigating 
the predictive relationship between eye movements during 
this “read-only” condition and text comprehension ability as 
measured by a recall task.

1   |   Using Eye Movements to Investigate Reading 
Comprehension

Eye-tracking has been widely used in reading research as it 
provides a noninvasive and online measure of the cognitive pro-
cesses that support text comprehension (Rayner 1998; Rayner 
et al. 2006; Rayner 2009; Clifton Jr et al. 2007; for a primer on 
the method, see Schotter and Dillon 2025). Eye-tracking typi-
cally provides two metrics of eye-movement behavior: fixations 
(i.e., brief pauses during which the eye is mostly immobile) and 
saccades (i.e., rapid ballistic movements that move the eye from 
one fixation to another). In addition, while most saccades move 
the eye forward in the text, around 10%–15% of them are regres-
sions that move the eye backwards. These eye-tracking metrics 
and other measures derived from them (e.g., gaze durations) 

have been shown to reflect the cognitive processes that support 
reading comprehension (Rayner and Reingold 2015), including 
word identification (e.g., lexical processing: Rayner et al. 2011; 
Schilling et al. 1998), sentence processing (e.g., syntactic com-
plexity: Staub 2010; syntactic ambiguity: Sturt 2007), and 
higher-level text processing (e.g., making inferences: Cunnings 
et  al. 2014; Kreiner et  al. 2008; Sturt  2003). In addition, eye 
movements have been shown to reflect differences in cognitive 
processing and cognitive skills that support successful reading 
comprehension, including overall reading abilities (e.g., chil-
dren vs. adult readers: Blythe and Joseph 2012; Mancheva et al. 
2015; Reichle et al. 2013), word reading skills (e.g., children with 
or without dyslexia: Hyönä and Olson 1995; Jones et al. 2007), 
and higher-level language comprehension skills (e.g., noticing a 
mismatch during anaphora resolutions: Eilers et al. 2018). Eye 
movements therefore provide a noninvasive and online mea-
sure of the cognitive processes that support text comprehension, 
and they reflect individual differences in the efficiency of these 
processes across readers with varying reading comprehension 
abilities.

Eye-movement measures derived from fixations and saccades 
can further be divided into so-called global and local or word-
level measures. Global measures are typically calculated at the 
level of a sentence or passage of text and include measures such as 
mean fixation duration (i.e., the average duration of all fixations 
made during reading) and mean saccade length (i.e., the average 
length of all saccades made during reading). These measures 
are informative about reading behavior as a whole and reflect 
the influence of linguistic properties of the text (e.g., more diffi-
cult texts lead to longer average fixations: Rayner et al. 2006) as 
well as reading skills (e.g., children vs. adults: Blythe and Joseph 
2012; Mancheva et al. 2015; Reichle et al. 2013) on reading com-
prehension processes. However, they are less informative about 
which cognitive process(es) are affected by text characteris-
tics or reading skills. For example, while these measures show 
that children tend to make longer fixations compared to adult/
skilled readers, they do not indicate whether this difference is 
due to children requiring more time for lexical or high-level 
processes (e.g., slower sentence integration). To more directly 
investigate the specific cognitive processes involved in reading, 
eye-tracking researchers compute local measures, which are 
typically calculated on individual words. These local measures 
are further divided into early and late measures. Early measures 
(also called first-pass measures) such as first-fixation duration 
(i.e., the duration of the first fixation on a word) and gaze dura-
tion (i.e., the sum of all fixations made on a word) are calculated 
using only first-pass fixations and are reflective of early pro-
cesses such as lexical processing. For example, one of the most 
robust findings in eye-movement research is the word-frequency 
effect, showing that common or frequent words receive shorter 
first fixations compared to less frequent words (e.g., Schilling 
et  al.  1998), with those longer fixations being interpreted as 
reflecting lexical processing difficulty. Indeed, studies have 
shown that readers with poorer word identification skills such 
as children with dyslexia exhibit larger word-frequency effects 
(Jones et al. 2007). On the other hand, late measures are typi-
cally used to investigate higher-level processes as they tend to re-
flect later processes of reading such as sentence processing (e.g., 
syntactic integration: Clifton Jr et al. 2007; Vasishth et al. 2013) 
or higher-level text comprehension processes such as anaphora 
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processing (e.g., pronoun resolution: Sturt  2003). Typical late 
measures include go-past time (i.e., the total amount of time 
from when a word is first fixated until the word is exited to the 
right) and total-reading times (i.e., the sum of all fixations on a 
word including any regressions). For example, research shows 
that readers tend to spend more time re-reading ambiguous sen-
tences (e.g., garden-path sentences) and more specifically, the 
sources of ambiguity and disambiguating regions (Sturt 2007). 
These longer re-reading times are interpreted as reflecting dif-
ficulties processing the syntactic and/or semantic information 
in a sentence or text. In addition, studies have shown that late 
measures also reflect individual differences in the processes 
that support reading comprehension. For example, Wonnacott 
et al. (2016) found that when children encountered garden-path 
sentences, those who spent additional time re-reading the criti-
cal ambiguous segments performed better on a related compre-
hension task that targeted the ambiguity of the sentence. Hence, 
late measures of re-reading behavior have been shown to reflect 
higher-level reading processes, as well as individual differences 
in those processes.

In sum, eye-tracking provides researchers with a variety of mea-
sures that reflect both global reading behavior as well as word-, 
sentence-, and text-level processes that support reading compre-
hension. In addition, these measures have been shown to reflect 
individual differences in processing among readers of varying 
ability and can thus be used to investigate individual differences 
in reading comprehension processes and skills.

Given this relationship between eye-movement measures and 
reading comprehension, eye movements have also been used 
to predict performance on reading comprehension tests that 
use different response formats. One goal of such studies is to 
examine the possibility of developing a reading comprehension 
measure based on eye-movement behavior. In an early study, 
Copeland et  al.  (2014) presented text (tutorial slides) and two 
comprehension questions (one cloze, one multiple-choice) to 39 
university students in one of four conditions that manipulated 
when the questions were presented relative to the text. In condi-
tion A, participants were given the text and then the questions 
and the text concurrently. In condition B, participants were 
given the text and questions concurrently. In condition C, partic-
ipants were given the text and then the questions without access 
to the text. Finally, in condition D, participants were given the 
questions and then the text and then the questions again without 
the text. Using artificial neural networks, the authors found that 
reading comprehension performance was successfully predicted 
by global eye-movement measures (e.g., average fixation dura-
tion, number of fixations, regression rate, and forward saccade 
length accounted for 79%–89% accuracy in predicting whether a 
reader could answer a comprehension question correctly) when 
readers could read the questions before the text (conditions A, 
B, and D). It was most difficult to predict comprehension when 
participants were given the questions after reading the text (con-
dition C resulted in 49% prediction accuracy). This demonstra-
tion indicates that global eye-tracking measures can be used to 
predict performance on both cloze and multiple-choice ques-
tions, although there was no explicit attempt to compare the eye 
movements across the two response formats (see also Copeland 
et  al.  2016; Copeland and Gedeon  2013; Martínez-Gómez and 
Aizawa 2014).

Inhoff et  al.  (2018) investigated the relationship between two 
latent eye-tracking variables and reading comprehension mea-
sured with two response formats: yes/no and multiple-choice 
questions. The two latent variables were an “acquisition” vari-
able (a composite of early eye-tracking measures) and a “correc-
tion” variable (regression-related measures). Fifty adults were 
given (1) a set of 70 sentences, 10 of which were followed by 
a yes/no question; and (2) a short biographical passage of text 
followed by multiple-choice questions. These two measures of 
comprehension were grouped into a single measure of com-
prehension accuracy, with no attempt made to distinguish be-
tween the two measures. A regression analysis suggested that 
participants who had higher acquisition and correction scores 
(i.e., made longer fixations and more regressions) tended to have 
higher comprehension accuracy, whereas participants who read 
in a more “linear” left-to-right fashion (e.g., made few regres-
sions) tended to have lower accuracy. However, a path analysis 
showed that, although the acquisition variable was correlated 
with the correction variable, only the correction variable was 
useful in predicting comprehension. This suggests that eye 
movements related to re-reading may be more useful for pre-
dicting comprehension than eye movements related to the initial 
reading of a text. In addition, the results suggest that corrective 
behavior may be associated with better text comprehension.

More recently, Southwell et  al.  (2020) tested if global eye-
movement measures (e.g., average fixation duration and num-
ber of fixations) or corrective eye movements (i.e., proportion 
of fixations preceded by a regression) predict comprehension 
as measured using multiple-choice questions across three large 
datasets. For each dataset, 104–147 adults read long passages of 
text silently while their eye movements were tracked. The par-
ticipants also answered multiple-choice questions after each 
page of text for the first dataset and then immediately after read-
ing the whole passage for all datasets. Regression models indi-
cated that the relationships between global eye movements and 
multiple-choice scores were similar across datasets, with more 
and shorter fixations associated with higher scores (see also 
D'Mello et al. 2020). In contrast, corrective eye movements were 
not significantly associated with multiple-choice scores, which 
contrasts with the findings of Inhoff et  al.  (2018). This might 
be explained by differences in methodology since Southwell and 
colleagues used individual variables as predictors instead of la-
tent variables.

Finally, Mézière, Yu, McArthur, et al. (2023); Mézière, Yu, Reichle, 
et al. (2023) used eye movements to directly compare the cognitive 
processes recruited by three popular reading comprehension as-
sessments: (1) the York Assessment of Reading for Comprehension 
(YARC; Snowling et  al.  2009); (2) the Gray Oral Reading Test 
(GORT-5; Wiederholt and Bryant 2012); and (3) the sentence com-
prehension subtest of the Wide Range Achievement Test (WRAT-4; 
Wilkinson and Robertson 2006). Each used different types of stim-
uli (i.e., passages: YARC and GORT; single sentences: WRAT); 
access to stimuli (i.e., text removed before questions: GORT; text 
available during questions: YARC and WRAT); reading modality 
(i.e., silent reading: YARC and WRAT; reading aloud: GORT); and 
response formats (i.e., open-ended questions: YARC and GORT; 
cloze items: WRAT). These design differences across the three 
tests are summarized in Table  1. Linear regression models and 
leave-one-out cross-validation analyses revealed that scores on all 
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three comprehension measures were successfully predicted by a 
different combinations of early and late eye-movement measures: 
YARC scores were best predicted by reading speed, skipping rate, 
gaze duration, and go-past time; GORT scores by average fixation 
duration, saccade length, first-fixation duration, and total reading 
time; and WRAT scores by reading speed, skipping rate, and re-
gression rate. In addition, YARC scores were most strongly asso-
ciated with early eye-tracking measures, GORT scores with global 
and early measures, and WRAT scores with reading speed.

In sum, findings from the previous eye-tracking studies suggest 
that eye movements can (or can be combined to) predict read-
ing comprehension. Specifically, global eye-movement behavior 
(e.g., fixations durations) and corrective eye movements (e.g., 
making regressions) are associated with performance on read-
ing comprehension assessments. However, the findings also 
suggest that the relationship between eye-movement measures 
and comprehension accuracy varies across tasks and response 
formats. That is, the best eye-movement predictors of compre-
hension accuracy varied depending on which comprehension 
test was used, to the extent that no single eye-movement mea-
sure could be identified as a useful predictor of comprehension 
across the different comprehension tasks. This may be in part 
due to readers adapting their reading behavior to the second-
ary tasks associated with typical pen-and-paper comprehension 
assessments, such as having to answer questions after reading. 
Importantly, the tracking of eye movements during reading does 
not require any secondary comprehension task (e.g., answering 
questions). Hence, it may be possible to develop a measure of 

reading comprehension that minimizes such effects of typical 
secondary tasks used in comprehension assessments (e.g., ques-
tions) by creating a measure based on eye movements during 
reading with no such additional task. Yet no study to date has 
examined the predictive relationship between eye movements 
collected during reading without any secondary tasks and text 
comprehension. Hence, the primary aim of this study was to in-
vestigate the possibility of using eye movements collected during 
a “read-only” condition with no secondary task to predict text 
comprehension ability as measured by a separate recall task.

2   |   Recall as a Measure of Text Comprehension

Another notable gap in the reading comprehension literature 
is eye-movement studies that use recall as a response format for 
comprehension assessments. Recall, also referred to as “retell” or 
“summary” (Reed and Vaughn 2012), simply asks participants to 
summarize the content of a text they have just read (see Reed 2011 
and Reed and Vaughn 2012, for reviews). Like most reading com-
prehension measures, recall can be used with a variety of texts 
(e.g., narrative and expository) that can be read silently or aloud, 
with verbal or written summaries of the text then being provided 
and quantitatively or qualitatively scored (Cao and Kim  2021; 
Reed  2011; Reed and Vaughn  2012; Reed and Petscher  2012). 
Unlike most reading comprehension measures, recall resembles 
most closely the type of reading done by adult readers, namely 
reading for comprehension with the possible future task of relat-
ing the contents of the text to others. For example, for most adults, 
the activity of reading a novel, news article, or social media post 
does not then entail answering a question or providing a missing 
word in a sentence, but can often entail providing a quick sum-
mary to someone (e.g., relating the main points of a news article 
to a friend or colleague). We therefore use recall as our measure 
of comprehension as this measure is most similar to reading tasks 
that resemble everyday reading done by adult readers most, in 
comparison to other commonly used comprehension tasks such as 
answering comprehension questions or “fill-in-the-blank” tasks.

A number of studies have examined the strength of the relation-
ships between scores on reading comprehension tests that use 
recall versus open-ended questions (r = 0.43, Collins et al. 2019; 
r = 0.41, Keenan et al. 2008), cloze procedures (r = 0.48, Keenan 
et  al.  2008; rs = 0.32–0.37, Kendeou et  al.  2012), multiple-
choice questions (r = 0.37, Collins et  al.  2019; r = 0.31, Keenan 
et al. 2008; r = 0.41, Loyd and Steele 1986), and picture-selection 
(r = 0.45, Keenan et al. 2008; see Cao and Kim 2021 for a review). 
The fact that these relationships are moderate in strength indi-
cates that like most reading comprehension tasks—including 
those that use exactly the same response format—recall tasks 
tax reading comprehension in a different way than other task 
formats (Cao and Kim  2021; Collins et  al.  2019; Cutting and 
Scarborough 2006; Keenan et al. 2008; Kendeou et al. 2012; Loyd 
and Steele  1986; Mézière, Yu, Reichle, et  al.  2023; Nation and 
Snowling 1997; Reed and Vaughn 2012). However, in contrast 
to other measures that use highly structured response formats, 
recall may minimize the effects of secondary task demands on 
reading comprehension, making it a good candidate for inves-
tigating the relationship between eye movements and compre-
hension (e.g., Mézière, Yu, McArthur, et al. 2023; Mézière, Yu, 
Reichle, et  al.  2023). Thus, a second aim of this study was to 

TABLE 1    |    List of passages for the recall task.

Set Title Author Length FRES

1 The Arrest of 
Arsène Lupin

M. Leblanc 1063 68.5

A Handful of Clay H. van 
Dyke

970 78.2

The Tremendous 
Adventure of 
Major Brown

G. K. 
Chesterton

823 71.4

2 The Awful 
Reason for the 

Vicar's Visit

G. K. 
Chesterton

919 68.7

A Strange Story O. Henry 871 80.7

The Story of O-Tei L. Hearn 1078 74

3 The 
Unpresentable 
Appearance of 
Colonel Crane

G. K. 
Chesterton

827 65.5

The Story of 
the Late Mr. 

Elvesham

H. G. Wells 1032 77.6

The 
Disintegration 

Machine

A. Conan 
Doyle

994 73.7

Note: FRES is the Flesch Reading Ease score (Flesch 1951).
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investigate the relationship between eye movements and read-
ing comprehension as measured by a recall task, and to test the 
assumption that reading for recall may have minimal influence 
on eye movements compared to reading with no additional task.

3   |   Using Eye Movements to Investigate Recall

To our knowledge, the only study that has directly investigated 
whether eye movements can predict performance in recalling 
naturalistic passages of text was reported in an unpublished 
PhD thesis (Fenton 1982). He found that progressive and regres-
sive eye movements across six passages of text explained an ad-
ditional 15%–86% of the variance in recall scores over and above 
grade (3rd vs. 5th) or reading skills (high vs. low). Unfortunately, 
Fenton does not report the eye-movement measures used in his 
models or the nature of the relationship between the measures 
and recall performance (e.g., whether longer fixations times are 
associated with better recall).

A few other studies have examined eye-movement behavior 
when reading for recall of more formal expository texts (e.g., 
Hyönä et al. 2002; Leon et al. 2019; Vauras et al. 1992). For exam-
ple, using a cluster analysis, Hyönä et al. (2002) identified four 
types of readers within a sample of 48 university students; (1) 
19 “fast linear readers” who read quickly from left to right with 
few regressions; (2) 11 “slow linear readers” who did the same as 
(1) more slowly; (3) three “nonselective readers” who re-read the 
text more often than (1) and (2); and (4) seven “topic structure 
processors” who read slowly and re-read topic headings. With 
regards to recall, slow linear readers tended to provide the poor-
est summaries, while the topic structure processors provided the 
best summaries. This suggests that reading patterns character-
ized by efficient eye-movement behavior and targeted corrective 
eye movements tend to be associated with better text recall.

4   |   Aims

Previous studies have used eye-movement behavior to predict 
performance on various reading comprehension tests that use 
a range of response formats (open-ended questions, multiple-
choice questions, and cloze tasks). Yet, to test whether it would be 
possible to develop a measure of reading comprehension based 
solely on eye-movement behavior during reading, it is necessary 
to understand the relationship between eye movements and 
reading comprehension with eye movements collected during 
reading with no overt comprehension task (e.g., questions). 
However, no study to date has investigated the relationship 
between eye movements while reading with no overt compre-
hension task (e.g., questions) and text comprehension accuracy. 
In this study, we measured eye-movement behavior in a “read-
only” condition (silent reading with no additional task) and two 
recall conditions (both entailing silent reading followed a recall 
task but using different texts). We examined the relationship 
between eye movement behavior in the “read-only” condition 
and recall scores from the first recall condition to test whether 
eye movements collected while reading with no additional tasks 
could predict comprehension accuracy (Aim 1). We also investi-
gated the relationship between eye-movement behavior and re-
call performance within the second recall condition to examine 

the predictive relationship between eye-movements and com-
prehension accuracy as measured by recall (Aim 2). Finally, we 
tested whether eye-movement behavior differed between the 
read-only condition and the first recall condition to test whether 
readers adapted their reading behavior to having the additional 
recall task (Aim 3).

Given the lack of existing relevant studies, it is difficult to pre-
dict the outcomes, and hence this study is exploratory. As such, 
regardless of direction or strength, the results will provide 
much-needed insight into whether eye movements can predict 
an index of reading comprehension that closely resembles every-
day reading—reading for recall.

5   |   Method

5.1   |   Ethics

This project was approved by the [redacted for anonymity] 
University Human Research ethics committee and conforms 
with the guidelines of the National Statement on Ethical Conduct 
in Human Research (2007). All participants signed an informed 
consent form prior to starting the experiment.

5.2   |   Participants

Sixty-two native speakers of English took part in our experiment 
(46 females, mean age 26 years, range 18–51 years). Of those, 13 
were birth multilingual speakers who had both English and 
at least one other language as their native language1. No par-
ticipant indicated a history of reading or language difficulties. 
Participants were compensated $60 AUD for their participation 
or given course credit.

5.3   |   Design

The design of the experiment and corresponding analyses are 
presented in Figure 1. The design of the experiment was set up 
so that the materials (consisting of nine short stories) were di-
vided into three sets, with three stories per set and with each 
set corresponding to one of three conditions: (1) read-only; (2) 
recall-1; and (3) recall-2. The order of the conditions was kept 
consistent across participants such that the “reading-only” con-
dition is not “contaminated” by the later presented recall task. 
All participants read all nine stories. The stories in the read-only 
and recall-1 conditions were counterbalanced (set 1 and set 2), 
but all participants read the same stories in the recall-2 condi-
tion (set 3). The inclusion of the recall-2 condition allowed for the 
relationship between eye movements collected during reading 
and recall performance to be investigated when both the stim-
uli and task were consistent across all participants. The order 
of the stories within each set was randomized. Eye movements 
were collected while participants read all nine stories, and recall 
scores were collected only in the recall-1 and recall-2 conditions.

As indicated in Figure  1, the eye-movement data and recall 
scores were used in two analyses, corresponding to our two 
aims. In the first analysis (Aims 1), the eye movements from the 
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read-only condition were used to predict the recall scores from 
the recall-1 condition (analysis shown in yellow in Figure  1). 
In the second analysis (Aims 1 and 2), eye movements from 
the recall-2 condition were used to predict recall scores of the 
same condition (analysis shown in blue in Figure 1). In the third 
analysis (Aim 2), the eye movements from the read-only and re-
call-1 conditions were compared to each other (analysis shown 
in green in Figure 1). The stimuli, procedure, and analyses are 
further described in the following sections.

5.4   |   Stimuli

Stimuli were nine passages of text. The passages were adapted by 
the first author from fictional short stories available in the public 
domain (see Table 1 for titles and authors). The passages ranged 
from 823 words to 1078 words in length (M = 953 words) and 
varied in difficulty from 65.5 to 78.2 (M = 73.1; Flesch Reading 
Ease scores; FRES; Flesch  1951) indicating good readability. 
The FRES is a measure of text readability based on the length 
of both words and sentences in the text, with higher FRES indi-
cating higher readability. The nine passages were separated into 
three sets of three passages that minimized differences between 
length and difficulty between sets (see Table 1). The order of the 
passages in each set was randomized between participants.

The passages were presented in Courier New, font size 18, in 
black color on a gray background (RGB: 204, 204, 204) on an 
AOC G2770PF Monitor with a screen resolution of 1920 × 1080 
pixels and a refresh rate of 144 Hz. The passages were spread 
across 6–8 screen pages each, and participants could move for-
ward using the space bar. They were not able to go back.

5.5   |   Procedure

5.5.1   |   Conditions

For the read-only condition, participants were instructed “to 
read the passages normally, at your own pace, making sure you 
are reading for comprehension.” For both recall conditions (re-
call-1 and recall-2), participants were also instructed “to read 

the story normally, at your own pace, making sure they you are 
reading for comprehension,” and that they would be “asked to 
recall each passage when you are done reading it.” At the end of 
the passage, the experimenter further instructed them to: “Tell 
me the story in as much detail as possible, in your own words.” 
At the end of their recall, participants were then given a second 
prompt: “Is there anything else that you can remember from the 
story?” (Reed and Petscher 2012).

5.5.2   |   Eye Movements

Eye movements were recorded with an Eye Link 1000 (SR 
Research, Toronto Ontario, Canada) eye-tracker. Participants 
were seated about 95 cm from the display screen, such that each 
letter subtended approximately 0.24° of the visual angle on the 
screen. A headrest and a chinrest were provided in order to min-
imize head movements. The experiment started with a 9-point 
calibration, which was repeated at the start of each story. The 
maximum calibration error allowed was 0.50°. Each story also 
started with a drift-correction point located at the beginning of 
the text.

5.6   |   Data Processing

5.6.1   |   Recall Task

Participants' recalls were transcribed before scoring. Scoring 
was based on propositional text bases (Bovair and Kieras 1985; 
Kintsch and Van Dijk  1978; Kintsch  1994). Propositions con-
sisted of both information explicitly stated in the text, as well as 
information only implied in the text and which require making 
inferences. A text base was created for each passage, with text 
bases ranging from 163 to 250 propositions. Because the pas-
sages in this experiment were long, the text bases were struc-
tured into “events” in order to make scoring easier. Participant's 
verbal recall protocols were then compared to the passage text 
bases and scored based on how many correct propositions they 
contained. The percentage of correctly recalled propositions 
was then calculated from the raw scores to make scores on all 
passages comparable. Two stories from each set were scored 

FIGURE 1    |    Visualization of experiment design. It shows the design of the experiment, as well as how the eye movement and recall data were used 
in the different analyses. The first two datasets were both used in the first two analyses, and the third dataset was only used in the final analysis. (The 
analyses are color-coded to indicate what stimuli and conditions were used.)

 19362722, 2025, 3, D
ow

nloaded from
 https://ila.onlinelibrary.w

iley.com
/doi/10.1002/rrq.70023 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [05/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



7 of 18

by three of the authors prior to finalizing the scoring system, 
to resolve any ambiguities or disagreements. Following this, all 
recalls were scored by the first author. Recall scores for stories 
which participants did not read in their entirety (e.g., skipped a 
page) were not calculated and were treated as missing data (2 
stories in total).

5.6.2   |   Eye Movements

The eye-movement data was preprocessed in Data Viewer (SR 
Research, Toronto, Ontario, Canada). One participant's data 
was discarded due to an eye-tracker malfunction. We further ex-
cluded participants and items based on visual inspection of the 
eye-movement data (e.g., when calibration was poor). This led 
to the exclusion of another three participants. This procedure 
resulted in the loss of 8.5% of all trials. Fixations shorter than 
80 ms or longer than 800 ms were excluded from the analysis, 
which are the most commonly used cut-off criteria for exclud-
ing outlier fixation durations in eye-tracking studies of reading 
(Schotter and Dillon 2025; Eskenazi 2024). Additionally, for-
ward saccades longer than the perceptual span (20 characters; 
Rayner 2009) were excluded from the analysis (5.6% of all for-
ward saccades) as they typically represent outliers (e.g., long 
sweep saccades to look at the bottom of the page/page number).

5.7   |   Data Analysis

5.7.1   |   Predicting Comprehension From Eye Movements 
in the “Read-Only” Condition

In our first analysis, we used eye movements from the read-only 
condition to predict recall performance on the recall-1 condition 
(yellow in Figure 1). We fitted a series of logistic regression mod-
els within the Bayesian framework using the “brms” package 
(Bürkner 2017, 2018) in R (R Core Team 2020). We included nine 
predictors including both global measures: (1) reading speed 
(i.e., words per minute); (2) average fixation duration (i.e., aver-
age duration of all fixations in a text); (3) average forward sac-
cade length (i.e., length of all rightward eye movements in the 
text, in character space); and local measures: (4) first-pass skip-
ping rate (i.e., proportion of words skipped during first-pass); 
(5) first-fixation duration (i.e., duration of the first fixation on 
a word); (6) gaze duration (i.e., sum of all first-pass fixations on 
a word), (7) regression rate (i.e., proportion of regressions in the 
text); (8) go-past time (i.e., the sum of all fixations made on a 
word up to when the word is exited to the right, including time 
spent during regressions); and (9) total reading time (i.e., the 
sum of all fixations on a word). All measures were aggregated 
per participant, and centered prior to analysis to make the model 
estimates comparable to each other.

In the models, recall scores were treated as a binary variable 
based on the propositions data (coded as: recalled = 1, not re-
called = 0) and then entered into the model as the total number 
of correctly recalled propositions across the set of stories (i.e., the 
three stories in the sets were treated as one set of trials), com-
pared to the total number of propositions in the set. The models 
therefore predicted the odds of participants recalling individual 
propositions correctly, not the percentage of correctly recalled 

propositions. The output of the models should therefore be inter-
preted as showing log-odds of recalling individual propositions, 
and not as a change in the percentage of propositions correctly 
recalled (see Section 6).

To identify the best set of predictors, we ran a model for every 
possible combination of our nine predictors (512 models in 
total), with the number of predictors ranging from none (i.e., 
the null model) to nine (i.e., the full model). Within each set 
of 512 models, individual models were then evaluated and 
compared using leave-one-out cross-validation (LOO, Gelman 
et al. 2014; Vehtari et al. 2017). The LOO estimates a model's 
ability to predict new data by running the model as many times 
as there are data points in the dataset, leaving out a separate 
data point each time. Through this process, the estimated log 
predictive density (elpd) is estimated, which is a measure of how 
good a model is at predicting new data. The elpd-LOO can then 
be used to compare models. As the elpd-LOO is only a mea-
sure of how good a model is at predicting new data, we also 
calculated the Bayes R2 for each model indicating how much 
variance the models explain in our data. However, the LOO is 
more conservative and more robust against overfitting; hence 
we base our inferences on the elpd-LOO. We then looked at the 
output of the “top” 10 models according to the elpd-LOO, as 
well as the full model, a model with only the eye-movement 
measures (i.e., all measures except reading speed), and a model 
with reading speed alone. This method is identical to previous 
work using Bayesian regression and the LOO to investigate the 
predictive relationship between eye movements and compre-
hension outcomes (Mézière, Yu, McArthur, et al. 2023; Mézière, 
Yu, Reichle, et al. 2023).

5.7.2   |   Predicting Recall Scores From Eye Movements 
in the Recall Condition

In our second analysis, we used data from the final set of sto-
ries (i.e., set 3, recall-2 condition) which were read by all partic-
ipants to predict recall scores from eye movements collected on 
the same stories (blue in Figure 1). This analysis was conducted 
identically to analysis 1 described above. To inform Aim 1, we 
also compared the results to those of the first analysis to exam-
ine possible differences in the relationship between eye move-
ments and recall performance across datasets.

5.7.3   |   Comparing Eye Movements During 
the Read-Only and Recall Conditions

In the third analysis, we used eye movements collected while 
participants read the first two sets of stories and compared the 
read-only condition to the recall-1 condition because the stories 
in these two conditions were counter-balanced. We investigated 
differences in the same nine variables (reading speed, etc.) by 
running linear regression models, one for each eye-tracking 
measure as the outcome variable, with condition (recall vs. 
no recall) as the predictor. All outcome variables were aggre-
gated per story and participant prior to analysis. All reading 
time variables and saccade length were treated as log-normal 
(i.e., normally distributed residuals on the log-scale). Skipping 
was treated as a binary variable (skipped = 1, fixated = 0) and 
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regression number was treated as normal. We ran a regression 
models within the Bayesian framework for each measure as the 
outcome variable and made inferences based on the 95% credible 
interval.

To investigate the effect of task, the condition (recall vs. no 
recall) was contrast coded as −0.5 (read-only) and 0.5 (recall) 
such that the intercept of the models could be interpreted 
as the mean across conditions. Because the order of the two 
conditions (read-only and recall-1) was kept constant across 
participants, we controlled for the potential effect of time by 
adding story number as a predictor. The story number was 
logged and scaled prior to analysis. Finally, we included ran-
dom intercepts and slopes for participants and items (i.e., indi-
vidual stories).

6   |   Results

6.1   |   Recall Task Scores

Participants were able to recall around 28% of propositions on av-
erage across the nine stories, which is comparable to previous find-
ings (e.g., Reed and Petscher 2012; Reed and Vaughn 2012). The 
average percentage of recalled propositions for each story is shown 
in Table  2 and illustrated in Figure  2. We interpreted the qual-
ity of recalls based on the mean and standard deviation of recall 
scores, such that most participants (n = 44) performed within one 
standard deviation of the mean (18%–38% of propositions recalled 
on average), 10 participants had low performance (< 18% of prop-
ositions recalled on average), and the remaining eight performed 
very well (> 38% of propositions recalled on average). Participants 

TABLE 2    |    Summary statistics of the recall scores.

Set Story Mean (SD) Range Length FRES Propositions

1 Lupin 22.5 (12) 3.6–40.8 1063 68.5 250

Clay 23.5 (11) 4.6–44.6 970 78.2 175

Major Brown 28.2 (16) 1.7–63.6 823 71.4 176

2 Vicars 28.5 (12) 14.8–63.9 919 68.7 169

Strange Story 16.5 (8) 6.5–43.5 871 80.7 186

O-Tei 22.5 (8) 8.2–38.6 1078 74 220

3 Cabbage 38.7 (12) 16.6–68.7 827 65.5 163

Elvesham 27.1 (11) 5.6–60.5 1032 77.6 233

Disintegration Machine 29.2 (12) 6.6–62.8 994 73.7 226

Note: FRES is the Flesch Reading Ease score (Flesch 1951).

FIGURE 2    |    Distribution of recall score per story. It shows participants' average recall scores for each story.
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generally performed better for set 3 (M = 31.8%) than in the other 
two sets. This seems to be in part driven by the fact that one story 
in that set (“Cabbage”) appeared much easier than the others. 
Recall performance for sets 1 and 2 was similar (M = 24.7% and 
22.5%, respectively), although performance in one story in set 2 
(“Strange Story”) was much lower than for any other story. The 
scores between the sets were highly correlated (rs = 0.87–0.90; all 
ps < 0.05), as illustrated in Figure 3. This indicates that, although 
some stories were more difficult than others, participants' per-
formance was fairly consistent, relative to the story's difficulty, 
such that participants who performed well tended to perform well 
across stories, and vice versa.

6.2   |   Aim 1: Predicting Comprehension From Eye 
Movements in the “Read-Only” Condition

In this analysis, we predicted recall-1 scores from eye-movement 
data collected while participants were not given an additional task 
(i.e., the “read-only” condition). The output of the best 10 models, 
the model with only reading speed, the model with only the eye-
movement measures, and the full model are shown in Table 3. The 
best predictors of recall were reading speed, average fixation du-
ration, average forward saccade length, regression rate, and total 
reading time, closely followed by gaze duration. The results indi-
cate that faster reading speed and shorter total reading times were 
associated with worse performance on the recall task, and other 
predictors suggested that indicators of efficient eye-movement 
behavior (e.g., shorter average fixations, fewer regressions, and 
longer saccades) were predictive of better performance. While 
reading speed was the strongest predictor, the model including 
eye-movement measures significantly improved predictions over 
and above the model with reading speed alone. Indeed, the full 
model explained 36% of the variance and the eye-movements only 
model explained 34% of the variance while the speed-only model 
only explained only 10% of the variance.

6.3   |   Aim 2: Predicting Recall Scores From Eye 
Movements in the Recall Condition

In this second analysis, we predicted recall scores from the re-
call-2 condition from eye movements collected during recall-2. 
The output of the best 10 models, the model with only reading 

speed, the model with only eye-movement measures, and the 
full model are shown in Table 4. The output of the models shows 
that the best predictors of recall scores were reading speed, 
forward saccade length, first-fixation duration, and regression 
rate, closely followed by total reading time. Similarly to the first 
analysis, the models show that faster reading speed and shorter 
total reading times were predictive of worse performance on the 
recall task, while the other predictors suggest that more efficient 
eye-movement behavior (i.e., shorter first-fixations, longer sac-
cades, and fewer regressions) were predictive of better perfor-
mance. Although reading speed was the strongest predictor, the 
elpd-LOO values show that models with both reading speed and 
eye-tracking measures make significantly better predictions. 
The full model explained 29% of the variance in our data, and 
the eye-movement only model explained 16% of the variance, 
whereas the speed-only model explained only 8%.

The full model for this analysis using eye movements from the 
recall-2 condition has a smaller R2 than the model in the reading-
only analysis (29% vs. 36%). However, there are multiple possible 
explanations for this phenomenon. For example, such models 
will have a high R2 if performance in the outcome variable is 
close to 0 (high rate of failure) or 1 (high rate of success). Hence, 
differences in R2 between the two sets of models could be due to 
differences in scores between the sets of stories investigated, as 
the average recall performance is closer to 0 in sets 1 or 2 (i.e., 
recall-1 used in this analysis; average recall = 23.6) than in set 3 
(i.e., recall-2; average recall = 31.8). We tested this possibility by 
running the same analysis using eye movements from recall-1 
and the read-only condition to predict recall-2 performance and 
found that the R2 for the full models were nearly identical (27% 
and 26%, respectively). As the results of these analyses were 
nearly identical to the ones reported here, we do not describe 
them further (but see Appendix S1 for details).

6.4   |   Aim 3: Comparing Eye Movements During 
the Read-Only and Recall Conditions

In the final analysis, we examined whether participants adapted 
their eye-movement behavior during reading when they had to 
perform a recall task compared to reading with no additional task. 
The output of the models for each variable is shown in Table 5. 
The results from all models show a similar pattern: participants 

FIGURE 3    |    Correlations of recall scores. It shows scatterplots and correlation coefficients of recall scores between sets of stories and between 
the recall-1 (i.e., sets 1 and 2 combined) and recall-2 (i.e., set 3) conditions. Each data point represents one participant's score on each set of text, with 
Recall 1 including both Set 1 and Set 2.
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adapted their reading behavior to the task by slowing down (i.e., 
slower reading speed and longer fixations) but seemed to get faster 
over time. The effect of the task was found for all variables except 
first-pass skipping rate, as participants had slower reading speed, 
longer fixations on all fixation measures, shorter saccades, and 
made more regressions while reading for recall compared to the 
read-only condition. The effect of time (i.e., story number) was in 

the opposite direction and was present for global (speed, average 
fixation duration, and saccade length) and late measures (regres-
sion rate, go-past time, and total reading time) but not for early 
measures. These effects of task and time are illustrated in Figure 4.

7   |   Discussion

The first aim of this study was to investigate whether eye move-
ments collected while reading with no additional task could be 
used to predict comprehension accuracy as measured by a re-
call task. To do this, we used eye-movement data collected while 
participants read texts with no secondary task demands (i.e., the 
read-only condition) to predict participants' performance on a sep-
arate recall task. In addition, we compared this relationship to the 
predictive relationship between recall scores and eye movements 
collected when reading for recall. The second aim of this study 
was to investigate the predictive relationship between eye move-
ments and recall performance. To do this, we used eye movements 
collected while participants read for recall to predict their per-
formance on the recall task. Additionally, we directly compared 
eye-movement behavior during the read-only condition to eye-
movement behavior while reading for recall. We expected that the 
two patterns would be similar, although participants may adapt to 
the additional demands of the recall task to some extent.

7.1   |   Predicting Comprehension From Eye 
Movements in the “Read-Only” Condition

The primary aim of this study was to investigate the relation-
ship between eye movements collected during a read-only 
condition and comprehension ability measured by a recall 

TABLE 5    |    Model estimates of the effect of task on eye movements.

Outcome variable

Model estimates

Task Time

Speed1 (words per minute) −0.15 0.05

Average fixation duration1 0.03 −0.01

Forward saccade length1 −0.02 0.02

First fixation duration1 0.03 −0.01

Gaze duration1 0.03 −0.01

First-pass skipping2 0.09 −0.02

Regressions3 0.05 −0.01

Go-past time1 0.07 −0.02

Total reading time1 0.09 −0.02

Note: The model estimates indicate the effect of having the recall task on each 
variable compared to the average of the two conditions (recall and no recall) due 
to contrast coding. A separate model was run for each eye-tracking variable and 
reading speed. Green = 95% interval does not include 0; yellow = 90% interval 
does not include 0; white = credible interval includes 0.
1Variable on log scale.
2Log-odds.
3Normal scale.

FIGURE 4    |    Eye-movement behavior over time. It shows the average of nine eye-movement measures over time (i.e., story number) across the 
duration of the experiment. The vertical dotted lines indicate the change from the read-only condition to the recall conditions.
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task. The results from the logistic regression models run with 
the eye movements collected while reading with no secondary 
task demands show that indicators of efficient eye-movement 
behavior (e.g., shorter average fixation durations) and indica-
tors of slower or more careful reading strategies (e.g., slower 
reading speed and longer total reading times) during read-
ing in the read-only condition were both predictive of better 
performance on the recall task. The results suggest that eye 
movements collected during reading with no additional task 
can be used to predict comprehension accuracy of an unre-
lated text. In addition, the results suggest that eye movements 
collected while reading without any overt comprehension task 
could potentially be used to develop an alternative to standard 
measures of reading comprehension. Indeed, the full model 
in this analysis explained 36% of the variance in the data, 
which is similar to the variance explained by models using 
eye movements collected while participants read text with dif-
ferent comprehension tasks (29%–46%: Mézière, Yu, Reichle, 
et al. 2023; 31%–41%: Mézière, Yu, McArthur, et al. 2023; 29%: 
recall task in this study). This in turn suggests that eye move-
ments can be useful predictors of comprehension regardless 
of whether they are collected during a comprehension task or 
during reading with no overt comprehension task.

7.2   |   Predicting Recall Scores From Eye 
Movements in the Recall Condition

The second aim of this study was to investigate whether eye-
tracking measures could accurately predict reading comprehen-
sion ability as measured by story recall. Results from logistic 
regression models show that eye-tracking measures could pre-
dict participants' performance in the story recall task and ex-
plained 29%–36% of the variance in the data. Specifically, the 
results show that efficient eye-movement behavior (i.e., shorter 
first-pass fixations, longer saccades, and fewer regressions) 
along with slower reading speed and longer total reading times 
were associated with better performance in the recall task. 
This is consistent with previous findings suggesting that effi-
cient eye-movement behavior during reading tends to be asso-
ciated with better performance on comprehension tasks (Kim 

et al. 2019; Parshina et al. 2022). These results also provide fur-
ther evidence that eye-tracking measures can be used to predict 
reading comprehension. Specifically, our results show that re-
call scores were best predicted by a combination of early and late 
measures, which is in line with previous findings suggesting 
that reading comprehension scores are typically best predicted 
by measures associated with both lower (e.g., lexical processing) 
and higher-level processing (e.g., sentence integration; Inhoff 
et  al.  2018; Mézière, Yu, McArthur, et  al.  2023; Mézière, Yu, 
Reichle, et al. 2023), suggesting that both types of processing are 
necessary for reading comprehension. The results also suggest 
that recall scores were associated with later eye-tracking mea-
sures, namely regression rate and total reading times, which is 
in line with Keenan et al.'s  (2008) finding that recall captures 
higher-level processes of reading to a greater extent than lower-
level (e.g., lexical) processing.

However, as illustrated in Table  6, the relationship between 
eye-tracking measures and comprehension as measured by re-
call varies from the pattern of results found in previous stud-
ies (Mézière, Yu, McArthur, et  al.  2023; Mézière, Yu, Reichle, 
et al. 2023). These earlier studies investigated the predictive re-
lationship between eye movements and three reading compre-
hension assessments that varied in terms of how they measured 
comprehension, with a key finding being that the relationships 
between eye movements and the three test scores were medi-
ated by differences in task demands between comprehension 
assessments. The results from the current study also differ 
from the pattern of results reported by Mézière, Yu, McArthur, 
et al. (2023); Mézière, Yu, Reichle, et al. (2023). This is true both 
in terms of the best predictors of comprehension and the direc-
tion of the relationship between said predictors and compre-
hension scores. This is not unexpected, however, because such 
differences were previously found between reading comprehen-
sion measures. It is likely that participants adapted their reading 
behavior to the specific task demands of the recall task, and/or 
that the different comprehension tasks do not rely on the same 
cognitive processes to the same extent, leading to differences in 
the relationship between eye movements and comprehension 
between studies, similar to differences found between com-
prehension measures in Mézière, Yu, McArthur, et  al.  (2023); 

TABLE 6    |    Summary of best predictors for the five comprehension measures.

Measure YARC GORT WRAT Read-Only Recall-2

Global Speed (words per minute) ↑ ↑ ↓ ↓

Average fixation duration ↓ ↓

Saccades length ↑ ↑ ↑

Early First-pass skipping ↓ ↓

First fixation duration ↑

Gaze duration ↓

Late Regression rate ↑ ↓ ↓

Go-past time ↑

Total reading time ↓ ↑ ↑

Note: Table 6 is adapted from Mézière, Yu, Reichle, et al. (2023) and summarizes the results from linear models predicting comprehension scores from eye-tracking 
measures for five comprehension measures. Read-Only: eye movements without recall task predicted recall performance. Recall-2: eye movements with recall task 
predicted recall performance.

 19362722, 2025, 3, D
ow

nloaded from
 https://ila.onlinelibrary.w

iley.com
/doi/10.1002/rrq.70023 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [05/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



14 of 18 Reading Research Quarterly, 2025

Mézière, Yu, Reichle, et  al.  (2023). Interestingly, although the 
recall task may be thought to have more in common with the 
YARC (silent reading of long texts followed by questions and 
recall), the pattern of results is actually most similar to that of 
the GORT (reading aloud of long texts). Indeed, with the excep-
tion of reading speed and regression rate, the best predictors of 
GORT scores were also the best predictors of performance on 
story recall (saccade length, first-fixation duration/average fixa-
tion duration, and total reading time), although the direction of 
the relationship was not always identical (e.g., longer total read-
ing times were associated with lower GORT scores but better 
recalls). One possible explanation for this discrepancy is that, 
although our reading task is most similar to the YARC (i.e., 
reading long passages silently), our comprehension task is most 
similar to the GORT (i.e., no access to the text when answering 
questions or during recall). Hence, it may be that some aspects 
of the comprehension task (e.g., access to text) have more in-
fluence on the relationship between eye-tracking measures and 
text comprehension than others (e.g., reading modality). This is 
speculative, however, and further research is needed to investi-
gate the extent to which various aspects of the test design (e.g., 
reading modality and access to the text) affect reading behavior 
and its relationship to reading comprehension accuracy.

Although the relationship between efficient eye-movement 
behavior and good comprehension is consistent with previous 
findings, faster reading speed is not typically found to be associ-
ated with lower comprehension scores (Fuchs et al. 2019; Price 
et  al.  2016). Indeed, faster reading speed was associated with 
poorer recall scores even in the single-predictor model in which 
only reading speed was included as a predictor, which is in con-
trast with previous findings suggesting that as a single predic-
tor reading speed is positively associated with comprehension 
scores (e.g., Mézière, Yu, Reichle, et  al.  2023). Nevertheless, 
some studies do suggest that high reading speed (e.g., skim-
ming or “linear reading”) can negatively impact comprehension 
(Hyönä et al. 2002; Strukelj and Niehorster 2018; see also Rayner 
et al. 2016, for a discussion on “speed reading” and comprehen-
sion). Hence, in our data, reading speed may be an indication 
of participants' depth of processing of the text (e.g., skimming 
vs. thorough reading), and reflect participants' attention or mo-
tivation to do the task, as well as their reading ability. Another 
possible explanation is that the predictive relationship between 
reading speed and comprehension is partially moderated by task 
demands. Indeed, as discussed above, the relationship between 
eye-movement behavior and comprehension seems to be mod-
erated by the varying task demands of reading comprehension 
measures, such that differences were previously found in the 
direction of the relationship between comprehension and eye-
tracking measures. In Mézière, Yu, Reichle, et al. (2023), faster 
reading speed was predictive of better comprehension scores on 
the WRAT and YARC, but of poorer performance on the GORT. 
Although the recall task and the GORT differ in several aspects 
of their design (i.e., reading modality and comprehension task), 
they put the highest demands on readers' memory as they do not 
allow readers to return to the text after reading. Hence, it may 
be that for such tasks, thoroughness (i.e., how long people spent 
reading the text) and efficiency (i.e., how quickly they can read 
the text) are both important predictors of performance, as they 
require readers to remember the text in detail after reading it. 
Although simple regression models do not allow for differences 

between strategies to be clearly identified (e.g., skimming vs. reg-
ular reading vs. thorough reading; but see Parshina et al. 2022 
for an example of how scanpath analysis can be used to inves-
tigate reading strategies), it is likely that eye-tracking measures 
and reading speed are indicative of both reading comprehen-
sion ability and aspects of motivation, interest, and/or attention, 
which can influence reading behavior (Catrysse et  al.  2018). 
This is also in line with the results of Mézière, Yu, McArthur, 
et al.  (2023); Mézière, Yu, Reichle, et al.  (2023), which suggest 
that while reading speed is a robust correlate of comprehension, 
it is not necessarily a good predictor of comprehension ability, 
and that statistical models with reading speed and eye-tracking 
measures together make more accurate predictions. This find-
ing was replicated here, as models with both eye-tracking mea-
sures and reading speed as predictors explained more variance 
and made more accurate predictions than models with reading 
speed as the sole predictor.

7.3   |   Comparing Eye Movements During 
the Read-Only and Recall Conditions

Lastly, we examined the possible differences in eye-movement 
behavior between reading for recall and reading without an 
additional task. Results from the multiple-regression models 
discussed in the previous sections show that the relationship 
between recall and eye movements in the read-only and recall 
conditions is highly similar, such that the differences in the 
two patterns of results were minimal. Indeed, the only differ-
ence between the two patterns of results is that, in the read-only 
condition, average fixation duration was a good predictor of re-
call instead of first-fixation duration. This is possibly due to the 
fact that these eye movements were not directly associated with 
the recall task. However, a similar pattern of results was found 
when comparing the best predictors of recall-2 scores from the 
read-only and recall-1 eye movements, such that first-fixation 
duration was a useful predictor of recall only from eye move-
ments collected during recall-1, while average fixation duration 
was a useful predictor in both conditions (see Appendix S1 for 
details). Another possible factor is that readers adapted to the 
additional demands of having to recall the text after reading and 
hence read it more carefully, placing higher demands on (and 
predictive power on measures associated with) lexical process-
ing compared to the read-only condition. Overall, this similar-
ity suggests that, at least when the materials, reading tasks, and 
comprehension measures are kept consistent, the relationship 
between eye movements collected during reading with no sec-
ondary task demands and comprehension is similar (at least to 
some degree) that of eye movements collected with reading for 
recall and comprehension. However, the current experiment 
does not allow us to generalize this finding to instances where 
the materials, reading task, and comprehension measures are 
not kept consistent. Indeed, although different passages were 
used in the two analyses, the reading task (silent reading of long 
passages) and comprehension measure (story recall) were kept 
consistent. An interesting line of inquiry for further research 
would be to investigate whether eye movements during a read-
only condition are equally predictive of comprehension accuracy 
across comprehension measures, and whether these predictions 
are influenced by the way comprehension is measured (e.g., re-
call vs. questions).
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Nevertheless, results from the regression models show that 
participants' eye movements did differ when reading for recall 
compared to the read-only task. Specifically, our results show 
that participants generally slowed down when reading for recall 
as opposed to when reading with no additional task. This effect 
was found both for early and late measures, suggesting that par-
ticipants not only spent more time re-reading the text, but also 
read more carefully during first pass. This suggests that partic-
ipants generally read the text more carefully and thoroughly 
when they anticipated having to recall it than when reading 
in the read-only condition. This is in line with studies show-
ing that readers adapt their reading strategies to the task (Bax 
and Chan 2019; Kaakinen and Hyönä 2010; O'Reilly et al. 2018; 
Radach et al. 2008; Schotter et al. 2014) and suggests that, al-
though recall may closely resemble everyday reading with no 
overt comprehension task, it is not identical to reading with no 
additional task. The fact that an effect of time was found is also 
noteworthy, as it shows that participant's performance on the 
task (i.e., reading) changed over time, in a nonlinear fashion. 
Specifically, participants read faster over time, and spent less 
time re-reading the text. This is also in line with recent method-
ological papers suggesting that the “human factor” (e.g., fatigue, 
learning effect, and variations in attention) needs to be taken 
into account in psycholinguistic studies, as participants' task 
performance can vary over time (Baayen et al. 2017).

8   |   Conclusion

The results presented in this article provide further evidence for 
the usefulness of eye movements as predictors of performance 
on reading comprehension tasks. Specifically, the results provide 
support for the validity and usefulness of eye movements col-
lected during a text comprehension task that closely resembles 
everyday reading (i.e., reading with no overt task) as measures 
of reading comprehension processes. However, more research is 
necessary to better understand this relationship, which might 
inform further work to develop an online, ecologically valid 
measure of reading comprehension based on eye-movement be-
havior during reading.

In addition, our results suggest that while eye-movement behav-
ior during reading for recall may be similar to eye movements 
while reading without any overt comprehension task, the results 
also show that readers adapt their eye movements and strategies 
to some extent between the two reading activities (recall vs. no 
recall). More research is necessary in order to better understand 
differences in task demands between different response formats 
(e.g., open-ended questions and multiple-choice questions) and 
reading with no overt task (i.e., “everyday” reading).
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Endnotes

	1	One reviewer pointed out that the inclusion of bi-/multilinguals may 
have impacted the results. However, we did not find any difference 
in the results of these participants compared to the monolinguals in 
our sample. This lack of difference is also in line with previous work 
in which the inclusion of second-language learners in the sample did 
not impact the results in terms of the predictive relationship between 
eye movements and reading comprehension scores (see Mézière, Yu, 
McArthur, et al. 2023; Mézière, Yu, Reichle, et al. 2023).
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