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Abstract 

Reading comprehension is a fundamental skill to be developed from the early stages 
of reading acquisition and it is essential for both formative and personal learning. This 
study examines eye-tracking as a useful and complementary tool in the assessment 
and improvement of implicit reading comprehension. The aim is to understand the role 
of eye-tracking in implicit reading comprehension and, complementarily, in interven‑
ing skills such as vocabulary, rapid automatized naming, and processing speed. In 
a final sample of 7–8 year-old 67 students, tests for implicit reading comprehension 
(literal, inferential, and total), eye-tracking measures, vocabulary, rapid automatized 
naming, processing speed, as well as tests to control for intellectual and attentional lev‑
els were administered. The results of the correlational and regression analyses indicate 
the existence of predictive relationships between (i) implicit reading comprehension 
and eye-tracking measures, and additionally, (ii) between intervening skills (vocabulary, 
rapid automatized naming, processing speed) and eye-tracking measures, and (iii) 
between implicit reading comprehension and intervening skills (vocabulary, rapid 
automatized naming, processing speed). In summary, better performance in implicit 
reading comprehension (literal, inferential, and total) is related to and explained 
by shorter eye movement times in recognition and access to meaning, larger vocabu‑
lary, and faster rapid automatized naming and processing speed. Furthermore, eye-
tracking measures are better predictors of implicit reading comprehension. These 
findings provide promising evidence for the contribution of eye-tracking to optimising 
the level of implicit reading comprehension, which is applied daily in classrooms.

Keywords:  Reading comprehension, Eye-tracking, Vocabulary, Rapid automatized 
naming, Processing speed

1  Introduction
Reading comprehension constitutes a fundamental competence for learning and must be 
successfully developed in accordance with the Sustainable Development Goals (SDGs) 
of the 2030 Agenda to provide quality education (OECD, 2021). In this regard, educa-
tional institutions, from the earliest stages, must adapt educational practices aimed at 
optimising the acquisition and consolidation of reading comprehension for all students, 
thereby facilitating equitable education for all the students.

This necessity to improve reading comprehension has been highlighted across various 
educational levels and contexts, from international studies at the primary level such as 
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the results of the Progress International Reading Literacy Study (PIRLS) (Mullis & Mar-
tin, 2021), the Programme for International Student Assessment (PISA) (OECD, 2024), 
or the National Assessment of Educational Progress (NAEP, 2022) to empirical research 
at the primary (Sufa et al., 2023), secondary and university levels (Author, 2021; Grabe 
& Stoller, 2019). The results of these studies indicate that despite the fact that students 
learn to identify explicit details in the text and memorise them during the acquisition of 
reading comprehension, they do not generate a mental representation that allows them 
to reflect on the text, and thus, they do not generate inferential and critical knowledge. 
Furthermore, some studies (Cox et al., 2014) point out students’ difficulties in success-
fully tackling the comprehension of academic texts. The concern of education profes-
sionals regarding the level of reading comprehension is due, on the one hand, to the 
ability to interpret and reflect based on the written text and, on the other hand, to its 
influence on academic performance and the formative and personal development of stu-
dents (Andrianatos, 2019; Viramonte et al., 2019).

Reading comprehension refers to all perceptual, cognitive, and motor processing 
involved in constructing a mental representation of the text’s meaning (Van Dyke, 2021). 
Effective reading comprehension entails the proper functioning of various skills (Duke & 
Cartwright, 2021) such as word recognition (phonological awareness, visual recognition, 
and alphabetic principle), language comprehension (verbal reasoning, theory of mind, 
language structure, and cultural or prior knowledge), bridging processes (reading flu-
ency, vocabulary, and morphological awareness), and active self-regulation (motivation, 
executive function, and strategy use). In this sense, various studies highlight the rela-
tionship between reading comprehension and these different skills, such as vocabulary 
(Gerth & Festman, 2021; Oakhill et  al., 2015), oral comprehension (Peng et  al., 2021), 
fluency (Georgiou & Das, 2014), rapid automatized naming (RAN) (Varizo et al., 2022), 
phonological awareness (Peng et al., 2021), executive function (Cartwright et al., 2020; 
Diningrat et al., 2023), processing speed (Christopher et al., 2012), access to cultural or 
prior knowledge (McCarthy & McNamara, 2021), and motivation (Dewi et al., 2020).

The most scientifically validated model of reading comprehension is up to now 
Kintsch’s construction-integration model (1998). According to this model, to achieve 
effective reading comprehension, the student must generate a situational model of 
the text being read. This involves the creation of a mental representation of the writ-
ten information that engages various cognitive processes (Kucer, 2016) which align 
with the reader’s prior knowledge. To construct this situational model, the reader goes 
through different phases or stages: initially, a literal analysis of the written text is per-
formed, identifying explicit data to constitute a literal level of reading comprehension; 
subsequently, semantic content is added, creating a network of ideas or microproposi-
tions that combine and relate to form abstract ideas and construct macropropositions; 
finally, prior knowledge and experiences (Van den Broek et al., 2016) are incorporated, 
along with inferential processes, producing the situational model that constitutes the 
deep level of reading comprehension, which facilitates the critical understanding of the 
texts previously read.

Following the aforementioned model of reading comprehension and in light of pre-
vious research results, the general concern focus on the fact that students frequently 
remain at a literal level of reading comprehension. Thus, there exists a general interest 
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in elucidating why students may have more or less success in reading comprehension. 
One useful tool in assessing and improving reading comprehension is eye-tracking while 
reading. Although much more research is needed, studies (Méziére et al., 2023) indicate 
the predictive capacity of eye movements in the execution of reading comprehension 
tasks and in the cognitive processes involved, such as word reading (Kuperman et  al., 
2018), working memory, or inferences (Eilers et  al., 2018); studies are also being con-
ducted on prior or cultural knowledge (Vela-Candelas et al., 2022), the effect of task type 
(Kaakinen & Hyönä, 2007), and the medium or reading modality (Jian, 2021).

Eye-tracking is a technique used as an indicator of cognitive processing in the read-
ing process, providing information on a variety of parameters, including fixations 
—moments when information is acquired and the eyes are stationary between two sac-
cadic movements, saccades — rapid eye movements from one word to another, and 
regressions— instances when the eyes return to a word to reread it. Additionally, general 
data (e.g., mean fixation duration, average fixation durations) provide information on the 
overall behaviour of the reading process, and specific data (e.g., first fixation, go-past 
time) relate to pre-lexical reading processes such as lexical recognition and post-lexical 
processes such as syntactic, semantic, and pragmatic integration. Researchers (Parshina 
et al., 2022) indicate that efficient eye movement involves few and short fixations, longer 
saccades, and no regressions. Therefore, as efficiency decreases due to various reasons 
(more complex text, lower reading ability, etc.), readers will make longer fixations, 
shorter saccadic movements, and more regressions. Kaakinen et al. (2015) indicate that 
the least skilled readers and those with dyslexic difficulties have longer fixations, differ-
ent saccadic movement patterns, and pay less attention to relevant parts of the text com-
pared to the most skilled readers.

One of the most influential models of eye movement in reading is the E-Z Reader 
model (Reichle, 2003), which predicts fixation duration and saccades between words. 
This serial attention model of words argues that when the reader fixes their attention on 
a word, attentional resources are allocated that allow for the lexical recognition of the 
individual word. Subsequently, a signal is sent to the oculomotor systems to program 
the next saccade to the next word, while simultaneously continuing with the post-lexi-
cal access of the word (its meaning is integrated into a higher-level representation) and 
shifting attention to the next word to be processed. In this way, comprehension occurs 
at the word, sentence, and text levels. This model indicates that with familiar words, the 
duration of fixation decreases as the post-lexical access ends before the programming of 
the saccade to the next word; however, the duration of fixation increases with unfamiliar 
words because the post-lexical access takes longer, delaying the saccadic programming 
signal and processing of subsequent words. Therefore, frequent words receive shorter 
fixations and infrequent words receive longer fixations and longer fixation times (Rau 
et al., 2015; Tiffin-Richards & Schroeder, 2015), reflecting the greater or lesser ease in 
lexical processing. In this sense, for instance, having a larger lexical size or vocabulary 
would imply faster eye movement times (Verhoeven et al., 2011), and Gerth and Fest-
man (2021) show that lexical size or vocabulary predicts reading comprehension in first 
and second-grade students.

The interest in the application of eye-tracking in reading comprehension is generat-
ing research based on an explicit format, that is, indicating that questions will be asked 
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after reading. Southwell et al. (2020), using general eye movement measures, predicted 
reading comprehension performance in multiple-choice tasks with a text read silently, 
relating more and shorter fixations to better explicit reading comprehension scores. A 
similar result was found by D’Mello et al. (2020). Méziére et al. (2023) found that adults’ 
eye movements predict the pre-lexical and post-lexical processes involved in reading 
comprehension. Inhoff et al. (2018) recorded eye movement data from students reading 
sentences and then answering yes/no and fill-in-the-blank questions, relating the rate of 
regressions to better reading comprehension performance. Krstić et al. (2018) found that 
students with good reading comprehension have greater saccade amplitude and focus 
on relevant sections of the text using monitoring and synthesis strategies, compared to 
students with poor reading comprehension who use memorization strategies. There are 
few studies related to eye movement, reading comprehension, and involved skills; Gor-
don et al. (2020) related RAN in university students, finding that it was associated with 
shorter fixation durations and regressions in the first pass, and greater benefit from par-
afoveal processing, contributing to processing speed in the reading process.

Therefore, eye-tracking is a non-invasive technique that provides direct information 
on the online cognitive processing involved during reading comprehension. In this con-
text, eye movements reflect the greater or lesser efficiency of readers in encoding and 
understanding texts. Consequently, this research aims to address an educational concern 
and need for improving the level of reading comprehension in students who are devel-
oping this competence, in line with SDG 4 on quality education. To this end, a study 
is proposed with second-grade students (7–8 year-olds) to evaluate the level of implicit 
reading comprehension. A novel aspect of this research is the assessment of implicit 
reading comprehension and the distinction between literal and inferential reading com-
prehension, as all existing studies focus on explicit and general reading comprehension 
with oral or silent reading. At the level of eye movements, there are no qualitative dif-
ferences between these types of reading (Laubrock & Kliegl, 2015). According to the-
oretical models and previous research, it is expected that eye-tracking parameters can 
adequately predict the accuracy of reading comprehension. The findings will provide an 
evidence-based response and open a potential pathway for the educational development 
of reading comprehension in classrooms, as implicit comprehension predominates dur-
ing school time and in daily life. Eye-tracking could be a useful tool for monitoring and 
improving reading comprehension from early stages.

2 � Methods
2.1 � Design

Up to now, after an exhaustive review, there are no studies that assess implicit reading 
comprehension, that is, not notifying that questions will be asked after reading, and 
examining eye movements and/or intervening skills. Based on this lack of studies and 
the theoretical models, implicit reading comprehension is investigated, distinguish-
ing between literal, inferential, and total comprehension (sum of literal and inferential 
reading comprehension), eye movement measures, and three intervening skills in read-
ing comprehension (Duke & Cartwright, 2021): vocabulary (known lexical size), RAN 
(speed of naming stimuli), and processing speed (speed of completing a cognitive activ-
ity). It is hypothesised that better performance in implicit reading comprehension is 
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related to and explained by shorter eye movement times in recognition and access to 
meaning, larger vocabulary, and faster RAN and processing speed.

The general objective is to understand the involvement of eye-tracking in implicit 
reading comprehension; and additionally, the involvement of eye-tracking in vocabulary, 
RAN, and processing speed, and their role in implicit reading comprehension. To this 
end, the following specific objectives (SO) are operationalised:

SO1. To analyze the relationship between eye-tracking measures and implicit read-
ing comprehension (literal, inferential, and total) and their predictive capacity.
SO2. To analyze the relationship between implicit reading comprehension (literal, 
inferential, and total) and vocabulary, RAN, and processing speed, and their predic-
tive capacity.
SO3. To analyze the relationship between eye-tracking measures and vocabulary, 
RAN, and processing speed, and their predictive capacity.

The hypotheses (H) proposed are:

H1. There is a significant and predictive relationship between eye-tracking measures 
and implicit reading comprehension (literal, inferential, and total).
H2. There is a significant and predictive relationship between vocabulary, RAN, and 
processing speed, and implicit reading comprehension.
H3. There is a significant and predictive relationship between eye-tracking measures 
and vocabulary, RAN, and processing speed.

This research adopts a quantitative methodology with a non-experimental, ex post 
facto design. The variables used in the study include reading comprehension (literal, 
inferential, and total), vocabulary, RAN, processing speed, and eye-tracking measures, 
such as first fixation duration, time to first whole fixation, gaze duration (sum of all fixa-
tions until the eye leaves the text), and total fixation duration. The durations and times 
of eye-tracking are provided in milliseconds. The data for all variables are quantitative.

2.2 � Sample

The study’s participants are 83 s-grade students, of whom 13 were excluded: six because 
their parents did not sign the consent form, two due to learning difficulties, two because 
their native language was Chinese and were still learning Spanish as a second language, 
and three due to issues with eye-tracking measurement, leaving a final sample of 67 
students (46% female, 54% male). The students are from two public schools with Span-
ish as their mother tongue. All students are in the second grade of Primary Education 
(M = 7.32; SD = 0.47), with an appropriate cognitive functioning for their age and from a 
middle-class social environment.

The sample selection is incidental and non-probabilistic due to accessibility. Inclusion 
criteria are studying the second grade of Primary Education, having informed parental 
consent, attending all test sessions, having an intelligence quotient (IQ) above seventy, 
having Spanish as the mother tongue, and not being diagnosed with any learning dif-
ficulties or sensory and/or neurological problems.
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All parents signed the corresponding written consents, having the freedom to allow 
their children to participate and withdraw them at any time from the study. This research 
is approved by the Ethics Committee of International University of La Rioja (Spain) 
(PI019/2023) and follows the ethical guidelines of the Declaration of Helsinki.

2.3 � Instruments

The following tests were administered for the study:

Reynolds Intellectual Assessment Scales (RIAS) (Reynolds & Kamphaus, 2009): This 
test evaluates the general functioning level through verbal and non-verbal IQ. It was 
used to ensure that all students are within the same intellectual range without vari-
abilities that could influence subsequent results. The test takes 40 min and includes 
guessing, categories, verbal analogies, and incomplete figures, scored according to 
the scale norms. The total score provides verbal, non-verbal, and general IQ.
Attention Test from the NEPSY-II Child Neuropsychological Battery (Korkman et al., 
2014): This test evaluates the students’ attention levels to exclude attentional difficul-
ties that might affect the results. The task involves touching a red circle among three 
others (blue, green, and black) while hearing different words, including the men-
tioned colors, for about six minutes. Each correct touch of the red circle scores a 
point, corrected and scaled according to the test norms.
PPVT-III Peabody (Dunn et  al., 2010): This test assesses receptive vocabulary by 
showing students images and asking them to identify the one that best represents a 
given word. Used as an indicator of lexical size, it takes about 15 min, and scoring is 
one point per correct answer, with standardization according to the test norms.
Naming Test from the DST-J (Fawcett & Nicolson, 2016): This test evaluates RAN 
by asking students to name various everyday objects as quickly as possible. The test 
duration depends on how long it takes the student to name all objects, with the score 
being the time taken, evaluated in percentiles according to age-appropriate norms.
Coding Test from the WISC-V Battery (Wechsler, 2015): This test measures pro-
cessing speed by making students write symbols under numbers. The more symbols 
completed, the better the processing speed. The test uses Form A and B depending 
on age (7 or 8 years) and lasts two minutes. Each correct response scores one point, 
while incorrect ones score zero.
Reading Comprehension Test (PROLEC-R) (Cuetos et al., 2014): This test evaluates 
reading comprehension through reading 1 expository texts and answering four ques-
tions suitable for the sample’s age. For this study, one text (about okapis) was selected, 
with corresponding open-ended questions distinguishing between literal and infer-
ential questions. Each correct answer scores one point, and incorrect answers score 
zero. This test (text and questions) was used in the eye-tracking experiment as it is 
validated and widely used for these ages.
Eye-Tracking Experiment: First, the selected text and questions were administered 
using a validated reading comprehension test (PROLEC-R) for children of the same 
ages as the sample. None of the children had read the text (about okapis) before or 
been evaluated with this reading comprehension test. The text, an expository para-
graph with seventy-five words, was read aloud. It was displayed on a computer screen 
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in black Times New Roman font, size 11, on a white background with 2 cm line spac-
ing. Data from eye movements were collected from the 67 students in the sample.

2.4 � Procedure

The administration of the study’s tests took place in March, April, and May of 2024, dur-
ing two sessions of fifty minutes each, conducted in well-lit and quiet rooms at the edu-
cational centers. The tests were administered individually to each student, maintaining 
the same order for all participants: IQ and attention on the first day, and vocabulary, 
RAN, processing speed and reading comprehension with eye-tracking on the second 
day. All procedure is approved by the Ethics Committee of International University of La 
Rioja (PI019/2023)   and is part of the research project “Early literacy: intervening vari-
ables in plurilingual educational contexts” with reference (PP-2023-05).

For recording eye movements during the text reading, a Tobii Spark device with 
a 60  Hz frequency was used, connected to a computer with a screen resolution of 
1920 × 1080 pixels. The students were seated at a viewing distance of 62  cm, with no 
additional support utilised. Before initiating the experiment, the calibration task and 
text reading were explained to the students, instructing them only to read the text aloud. 
Subsequently, a five-point calibration was performed, and recalibration was necessary 
for seven participants to ensure eye movement accuracy. Once validated, the reading 
started. After the reading, without prior notice, the students were asked two literal and 
two inferential reading comprehension questions. For the literal questions, the answers 
were explicitly stated in the text, whereas for the inferential questions, the students 
needed to make inferences to provide the correct answers. The material is not available 
in this article due to copyright restrictions.

2.5 � Data analysis

The non-experimental nature of the study requires an initial descriptive analysis of the 
IQ and attention test statistics to verify that all students have an adequate level of cogni-
tive and attentional functioning for their age, thereby avoiding influences on the results 
of reading comprehension and eye movements. Secondly, descriptive statistics of the 
vocabulary test, reading comprehension responses, RAN and, processing speed, and eye 
movement parameters are analyzed. Thirdly, the normality of the variables is assessed, 
indicating non-normality, and the non-parametric Spearman correlational statistic is 
applied to the vocabulary, RAN and processing speed, reading comprehension responses, 
and eye movement scores. The eye-tracking measures analyzed include: i) first fixation 
duration (initial fixation duration on a word); ii) gaze duration (sum of all first-pass fixa-
tions on a word); iii) total fixation duration (final duration); and iv) time to first whole fix-
ation. Subsequently, for significant correlations, a linear regression analysis is employed 
to evaluate the predictive relationship, using R2 as the proportion of explained variance 
between related variables. A significance level of 0.05 (two-tailed) is used.

All statistical analyses are conducted using Statistical Package for the Social Sciences 
(SPSS) version 27 (IBM, 2016), and the analysis of eye-tracking metrics is performed 
with Tobii Pro Lab software (Tobii Technology AB, n.d).
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3 � Results
Firstly, a preliminary analysis verifies that all students have an adequate level of 
cognitive functioning (M = 215; SD = 31.18) and attentional functioning (M = 28; 
SD = 1.83), which does not interfere with the study results.

Secondly, Table  1 presents the descriptive statistics for reading comprehension, 
vocabulary, RAN, and processing speed, and eye-tracking measures. The data indicate 
a higher level of literal reading comprehension compared to inferential comprehen-
sion, with an overall improvement in general, literal, and inferential reading compre-
hension. The results from the vocabulary, RAN, and processing speed tests are within 
the normal range for the students’ age but could be optimised.

The eye-tracking measures’ data are not comparable among themselves or with ref-
erence standards, but it is observed heat maps for reading two sentences of the text of 
all students  (Fig. 1). Pre-lexical (recognition) and post-lexical (access to meaning) is 
slower in unfamiliar words, for example, “okapi” versus “selva” (familiar words).

Screenshot of the reading of two sentences from Tobii Pro Lab software. Red col-
ours represent areas where students take longer to read. Green colors represent areas 
of shorter fixation time to read.

Table 1  Descriptive statistics results

Variables Means Desviation Minimum Maximum

Literal reading comprehension 1.8 .3 0 2

Inferencial reading comprehension 1.2 1 0 2

Total reading comprehension 3.1 .7 0 4

Vocabulary 87.5 9.9 46 108

RAN 45.8 12.1 28 120

Processing speed 45.5 13.2 17 65

Time to first whole fixation 9055.5 6381.4 3624 52,420.2

First fixation duration 349.3 145 169.7 1098.9

Gaze duration 830 636.2 271.9 5154.7

Total fixations duration 697.1 332.5 231.4 2167.9

Fig. 1  Heat maps for reading two sentences of the text
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Thirdly, Spearman correlations (a non-parametric test) were performed to analyze 
the relationships between reading comprehension levels, eye-tracking measures, and 
scores for vocabulary, RAN, and processing speed, as shown in Tables 2, 3, and 4. A 
stepwise linear regression analysis was conducted between the indicated variables.

Objective 1: “To analyze the relationship between eye movement tracking measures 
and implicit reading comprehension (literal, inferential, and total) and their predictive 
capacity." The results presented in Table 2 indicate that literal reading comprehension 
inversely correlates significantly with all eye-tracking measures. Inferential reading 
comprehension also inversely correlates significantly with all eye-tracking measures. 
Total reading comprehension shows a significant inverse correlation with all eye-
tracking measures. The regression analysis reveals that total reading comprehension 
is explained by 49.8% by time to first whole fixation (B = -0.70; R2 = 0.49; p < 0.001), 
47.2% by first fixation duration (B = -0.68; R2 = 0.47; p < 0.001), 47.7% by gaze dura-
tion (B = -0.69; R2 = 0.47; p < 0.001), and 47.6% by total fixation duration (B = -0.69; 
R2 = 0.47; p < 0.001). Taken together, the four variables explain 67.2% of total reading 
comprehension (R2 = 0.67; p < 0.001), indicating that shorter time to first whole fixa-
tion and total fixation duration predict better total reading comprehension.

Table 2  Correlations between reading comprehension and eye-tracking scores

* p < .05

Literal reading 
comprehension

Inferential reading 
comprehension

Total reading 
comprehension

r significance r significance r significance

Time to first whole fixation -.51 < .001* -.78 < .001* -.85 < .001*

First fixation duration -.41.001* -.60 < .001* -.66 < .001*

Gaze duration -.50 < .001* -.81 < .001* -.87 < .001*

Total fixations duration -.40 .001* -.80 < .001* -.81 < .001*

Table 3  Correlations between reading comprehension and vocabulary, RAN, and processing speed

* p < .05

Literal reading 
comprehension

Inferential reading 
comprehension

Total reading 
comprehension

r significación r significación r significación

Vocabulary .27.024* .35 .004* .40 .001*

RAN -.23 .057 -.49 < .001* -.51 < .001*

Processing speed .09 .453 .31 .009* .28 .018*

Table 4  Correlations between eye-tracking scores, vocabulary, RAN, and processing speed

* p < .05

Vocabulary RAN Processing speed
r significance r significance r significance

Time to first whole fixation -.47 < .001* .51 < .001* -.31 .009*

First fixation duration -.44 < .001* .35 .003* -.18 .144

Gaze duration -.45 < .001* .49 < .001* -.33 .006*

Total fixations duration -.40 .001* .44 < .001* -.27 .022*
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Literal reading comprehension is explained by 52% by time to first whole fixation 
(B = -0.72; R2 = 0.52; p < 0.001), 35.3% by first fixation duration (B = -0.59; R2 = 0.35; 
p < 0.001), 50% by gaze duration (B = -0.70; R2 = 0.19; p < 0.001), and 10.6% by total 
fixation duration (B = -0.32; R2 = 0.10; p = 0.007). Together, these four variables 
explain 52.1% of literal reading comprehension (R2 = 0.52; p < 0.001), indicating that 
shorter time to first whole fixation predicts better literal reading comprehension.

Inferential reading comprehension is explained by 20% by time to first whole fix-
ation (B = -0.45; R2 = 0.20; p < 0.001), 26.8% by first fixation duration (B = -0.51; 
R2 = 0.26; p < 0.001), 19.5% by gaze duration (B = -0.44; R2 = 0.19; p < 0.001), and 50.5% 
by total fixation duration (B = -0.71; R2 = 0.50; p < 0.001). Taken together, the four 
variables explain 67.2% of inferential reading comprehension (R2 = 0.67; p < 0.001). 
These findings support hypothesis H1, "There is a significant and predictive relation-
ship between eye movement tracking measures and implicit reading comprehension 
(literal, inferential, and total)." All eye movement tracking measures significantly and 
inversely correlate with implicit, total, literal, and inferential reading comprehen-
sion and predict them. The findings indicate that the less time taken to recognise a 
word and access its meaning and the fewer fixations a word receives, the better the 
scores in literal reading comprehension, particularly in inferential and total reading 
comprehension.

Figure 2 shows the comparative heat maps of two students, one with low implicit read-
ing comprehension and another with high performance implicit reading comprehension. 
The student with greater reading comprehension has a faster pre-lexical and post-lexical 
process, even skipping words, and with a greater fixation on the unfamiliar word “okapi”. 
The student with lower reading comprehension has a slower pre-lexical and post-lexical 
process, reading all the words and with a greater fixation on several familiar and unfa-
miliar words.

Screenshot of the reading of low and high implicit reading comprehension from Tobii 
Pro Lab software. Red colours represent areas where students take longer to read. Green 
colors represent areas of shorter fixation time to read.

Objective 2: "To analyze the relationship between implicit reading comprehension 
(literal, inferential, and total) and vocabulary, RAN, and processing speed, and their 
predictive capacity." The results presented in Table 3 indicate that literal reading com-
prehension significantly positively correlates with vocabulary. Inferential reading com-
prehension significantly inversely correlates with RAN and positively with vocabulary 

Fig. 2  Heat maps for low and high implicit reading comprehension
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and processing speed. Total reading comprehension significantly inversely correlates 
with RAN and positively with vocabulary and processing speed. The regression analysis 
reveals that total reading comprehension is explained by 21.7% by vocabulary (B = 0.46; 
R2 = 0.21; p < 0.001), 10% by processing speed (B = 0.31; R2 = 0.10; p < 0.001), and 28.8% 
by RAN (B = 0.53; R2 = 0.28; p < 0.001). Together, these three variables explain 38.5% of 
total reading comprehension (R2 = 0.38; p < 0.001), indicating that slower RAN, greater 
vocabulary, and faster cognitive processing predict better total reading comprehension.

Literal reading comprehension is explained by 23.8% by vocabulary (B = 0.48; R2 = 0.23; 
p < 0.001). Together, the three variables explain 34.2% of literal reading comprehension 
(R2 = 0.34; p < 0.001), indicating that slower RAN and greater vocabulary predict better 
literal reading comprehension.

Inferential reading comprehension is explained by 8.5% by vocabulary (B = 0.31; 
R2 = 0.08; p = 0.010), 9% by processing speed (B = 0.31; R2 = 0.09; p < 0.001), and 13.5% 
by RAN (B = -0.36; R2 = 0.13; p = 0.002). Together, the three variables explain 13.5% of 
inferential reading comprehension (R2 = 0.13; p = 0.002). These findings support hypoth-
esis H2, "There is a significant and predictive relationship between vocabulary, RAN, 
processing speed, and implicit reading comprehension." The three skills significantly 
correlate with the three types of reading comprehension, except for RAN and process-
ing with literal reading comprehension, and have predictive capacity for implicit reading 
comprehension. The findings indicate that a larger vocabulary predicts better scores in 
literal, inferential, and total reading comprehension; faster RAN predicts poorer scores 
in literal, inferential, and total reading comprehension; and better processing speed pre-
dicts better scores in literal, inferential, and total reading comprehension.

Objective 3: "To analyze the relationship between eye movement tracking measures 
and vocabulary, RAN, and processing speed, and their predictive capacity." The results 
presented in Table  4 indicate that vocabulary significantly negatively correlates with 
all eye-tracking measures. RAN significantly positively correlates with all eye-tracking 
measures. Processing speed significantly inversely correlates with time to first whole 
fixation, gaze duration, and total fixation duration. The regression analysis reveals that 
vocabulary is explained by 38.5% by time to first whole fixation (B = -0.62; R2 = 0.38; 
p < 0.001), 35.5% by first fixation duration (B = -0.59; R2 = 0.35; p < 0.001), 35.9% by gaze 
duration (B = -0.60; R2 = 0.35; p < 0.001), and 15.6% by total fixation duration (B = -0.39; 
R2 = 0.15; p = 0.001). Together, the four variables explain 38.5% of vocabulary (R2 = 0.38; 
p < 0.001), indicating that shorter eye movement times predict better vocabulary.

RAN is explained by 67% by time to first whole fixation (B = 0.81; R2 = 0.67; p < 0.001), 
43.8% by first fixation duration (B = 0.66; R2 = 0.43; p < 0.001), 68% by gaze duration 
(B = 0.82; R2 = 0.68; p < 0.001), and 8.1% by total fixation duration (B = 0.28; R2 = 0.08; 
p = 0.020). Together, the four variables explain 70% of RAN (R2 = 0.70; p < 0.001), indi-
cating that shorter times in recognition and access to meaning predict faster RAN.

Processing speed is explained by 7.7% by time to first whole fixation (B = -0.27; 
R2 = 0.07; p = 0.023) and 6.9% by gaze duration (B = -0.26; R2 = 0.06; p = 0.032). Together, 
the three variables explain 7.7% of processing speed (R2 = 0.07; p = 0.023), indicating 
that shorter times predict better processing speed. These findings support hypothesis 
H3, "There is a significant and predictive relationship between eye movement track-
ing measures and vocabulary, RAN, and processing speed." All eye-tracking measures 



Page 12 of 17de‑la‑Peña ﻿Journal of New Approaches in Educational Research           (2024) 13:13 

significantly correlate with vocabulary, RAN, and processing speed, except processing 
speed with first fixation duration. The findings indicate that shorter recognition and 
access times and fewer fixations on words predict a larger vocabulary and faster RAN 
and processing speed.

To sum up, eye-tracking measures predict both implicit reading comprehension and 
vocabulary, RAN, and processing speed. Eye-tracking measures are better predictors of 
implicit reading comprehension (total, literal, and inferential) than vocabulary, RAN, 
and processing speed.

4 � Discussion
This study aims to investigate the implications of eye-tracking on the level of implicit 
reading comprehension and certain intervening skills (vocabulary, RAN, and process-
ing speed) in second-grade primary school students who have acquired both phonologi-
cal and lexical reading pathways. To this end, eye-tracking measures were administered 
during the reading process of a text, reading comprehension level was assessed through 
questions (both literal and inferential) raised after reading the text without prior notice 
to the students, and standardised and validated tests for vocabulary, RAN, and process-
ing speed were administered. The results demonstrate significant relationships and pre-
dictions of eye-tracking measures on implicit reading comprehension (literal, inferential, 
and total), as well as vocabulary, RAN, and processing speed (skills involved in reading 
comprehension according to Duke & Cartwright’s framework, 2021).

The findings confirm Hypothesis 1 (H1), indicating the existence of a significant and 
predictive relationship between eye-tracking measures and implicit reading compre-
hension (literal, inferential, and total). This suggests that the temporal speed with which 
a word is recognised and its meaning accessed, along with the fewer fixations a word 
receives, are significantly related to and predict performance levels in implicit reading 
comprehension tasks, both literal and inferential, thereby enhancing the prediction of 
total reading comprehension (sum of literal and inferential scores). These data align with 
other studies on explicit reading comprehension (Méziére et al., 2023; Southwell et al., 
2020), highlighting the role of eye movements in pre-lexical and post-lexical processes 
necessary for reading comprehension; Méziére et al. (2023) found that eye movements 
predict 39% of reading comprehension, while this study shows an increase to 67.2%. Fur-
thermore, D’Mello et al. (2020) predicted reading comprehension using six eye move-
ment measures with a machine learning computational model. Therefore, this study 
provides additional evidence of the strong association between eye movements and 
subsequent text comprehension without explicit indication of subsequent questions. 
Moreover, the predictive power of eye movements is greater for inferential reading com-
prehension than for literal reading comprehension. This reflects the connection between 
eye movements and both literal and especially inferential reading comprehension, con-
sistent with the E-Z Reader model (Reichle, 2003) of eye movements and the construc-
tion-integration model of Kintsch (1998). Possibly, when we read a text in class or daily 
life, a situational model of the text is created, even without any explicit demand on it. 
This is beneficial for students’ learning process from early stages of reading acquisition.
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The research results confirm Hypothesis 2 (H2), indicating the existence of a sig-
nificant and predictive relationship between vocabulary, RAN, processing speed, and 
implicit reading comprehension. This implies that greater vocabulary and faster RAN 
and processing speed are significantly related to and predict performance levels in lit-
eral, inferential, and total reading comprehension tasks. These findings are comparable 
with other studies analyzing explicit reading comprehension and are consistent with the 
involvement of vocabulary (Gerth & Festman, 2021; Oakhill et al., 2015) in reading com-
prehension, RAN (Varizo et al., 2022), and processing speed (Christopher et al., 2012). 
Thus, these three analyzed skills align with Duke and Cartwright’s theoretical framework 
(2021) regarding the role of various cognitive and linguistic skills in reading comprehen-
sion. It can be inferred that children with limited vocabulary due to difficulties or lack 
of stimulation, as well as those who are slow in naming and processing stimuli, will be 
less skilled in reading comprehension. This has practical implications for stimulating this 
group of students. For example, in children diagnosed with dyslexia, Santos and Capel-
lini (2020) found improvements in reading comprehension by training RAN.

The study’s results confirm Hypothesis 3 (H3), indicating the existence of a significant 
and predictive relationship between eye-tracking measures and vocabulary, RAN, and 
processing speed. This suggests that the temporal speed with which a word is recognised 
and its meaning accessed, along with the fewer fixations a word receives, are significantly 
related to and predict a larger vocabulary, faster RAN, and faster processing speed. The 
measure of time to first whole fixation is the most predictive of vocabulary and process-
ing speed, while gaze duration is the most predictive of RAN. Vocabulary data are in line 
with Verhoeven et al. (2011), who found faster eye movements in students with a larger 
vocabulary. The finding on RAN is consistent with the study by Gordon et al., (2020), 
which also associates it with shorter gaze durations. These findings are novel, leading 
to a lack of scientific literature for discussion. Nevertheless, it seems coherent to reflect 
that a larger vocabulary implies faster word recognition during reading, as well as speed 
in both analyzed types of speeds.

4.1 � Educational implications

Several educational implications can be drawn from this research. Theoretically, the 
results empirically support the theoretical models (Duke & Cartwright, 2021; Kintsch, 
1998; Reichle, 2003) that underpin this study, providing further scientific support. 
Practically, in the classroom, vocabulary can be increased and timed exercises can be 
conducted across all subjects. Additionally, dialogic readings of the syllabus can be 
implemented. In this regard, a study (Okkinga et  al., 2018) found improvements in 
reading comprehension through collaborative readings such as peer dialogic read-
ing. Specifically, when studying the mother tongue, initial three-minute daily sessions 
of naming and vocabulary related to the syllabus can be conducted. Furthermore, all 
teachers can develop strategies to consolidate information implicitly and playfully, using 
digital resources. For example, experiences indicate an increase in reading comprehen-
sion through the use of digital tools (Lorusso et al., 2021) or use social media platforms 
(SMP) (Martín-Gutiérrez et al., 2024).

From an orientation perspective, workshops on implicit reading comprehension can 
be conducted during tutorial hours by the group’s tutors. In these workshops, which can 
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be conducted every term or year, strategies for individual and paired (peer mediation) 
implicit reading comprehension can be worked. A personalised digital game with vocab-
ulary, RAN, processing speed, and reading comprehension tasks could also be designed 
for students to interact with their classmates; this would be highly beneficial for those 
with greater difficulties in reading comprehension.

At the educational centre level, progress can be made in two directions: creating a 
transversal project on reading comprehension and providing teachers with materials 
designed for all grades with playful activities that integrate vocabulary, RAN, and pro-
cessing speed with attractive and interesting texts. Eye-tracking data can complement 
individual educational programs in both assessment and intervention.

4.2 � Limitations and future studies

Sample size always constitutes a limitation as the number of participants could be 
improved; however, this study has evaluated a considerable number of eye movements 
in second-grade primary school students. Additionally, the type of open-ended ques-
tions in the implicit reading comprehension task may introduce biases in the results 
since different question formats can lead to different outcomes in eye movements and 
reading comprehension (Méziére et al., 2023). There is no consensus among education 
professionals on this matter, with reading comprehension assessments including multi-
ple-choice, cloze, yes/no closed response, and open response formats. These limitations 
should be considered to improve the generalization of the research results.

Future research could relate eye-tracking data with evoked potentials and functional 
magnetic resonance imaging to expand the empirical evidence on the subject. Addition-
ally, the involvement of other intervening variables in implicit reading comprehension 
could be evaluated, following Duke and Cartwright’s framework (2021) or another the-
oretical approach. Of course, increasing the sample size, including both second-grade 
children and older students up to university level, and designing a future cross-sectional 
study are also recommended. As a future prospect, if possible, comparing eye-tracking 
results of students with lower and higher performance in any intervening variable in 
reading comprehension would be valuable; in this study, the children were distributed in 
a middle range, and this comparison could not be made.

5 � Conclusion
The need to improve a basic competency such as reading comprehension (OECD, 2021) 
compels researchers to seek, update, and use all necessary tools for its optimization, 
including eye-tracking. This research determines that better performance in implicit 
reading comprehension is related to and explained by shorter eye movement times in 
word recognition and meaning access, larger vocabulary, and faster RAN and process-
ing speed. Furthermore, eye-tracking measures predict implicit reading comprehension 
better than vocabulary, RAN, and processing speed tests. This study can be used as a 
starting point to provide data on implicit reading comprehension (not indicating that 
questions will follow a reading) with data interpreted in a research context.

The study’s findings contribute to the scientific literature in several ways. Firstly, by 
providing data on implicit reading comprehension in its general, literal, and inferential 
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dimensions. This type of reading comprehension is frequently employed in classrooms. 
Secondly, by providing evidence on the predictive relationship between eye movements 
and implicit reading comprehension. The results are consistent with theoretical frame-
works on eye movements and reading comprehension. Thirdly, by supplying information 
on the predictive relationship between implicit reading comprehension and intervening 
skills such as vocabulary (size of known lexicon), RAN (speed of naming stimuli), and 
processing speed (speed of completing a cognitive task). Information on predictions or 
predictive relationships can be used to complement standardised assessments and plan 
educational interventions. Therefore, the contribution of eye-tracking to optimizing the 
level of implicit reading comprehension is promising.
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