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This paper presents a systematic literature review aimed at consolidating
knowledge on the application of eye-tracking technology in the diagnosis of
dyslexia among school-aged children (6-12 years). Through a meticulous
search and selection process, 20 studies conducted over the last 10
years were identified and analyzed to evaluate the effectiveness of this
technology. The findings highlight the varied methodologies, participant
demographics, and outcomes of these studies, underscoring the potential of
eye tracking as a non-invasive, objective tool in the early detection of and
intervention for dyslexia. Despite facing limitations such as heterogeneity
in study designs and the need for standardized protocols, this review
illuminates the significant promise of eye-tracking technology in enhancing
dyslexia diagnosis. It identifies gaps in current research, proposes avenues
for future investigation, and offers evidence-based recommendations for
practitioners. This endeavor not only enriches the present understanding of
dyslexia diagnosis, but also establishes a foundation to ultimately improve
educational outcomes for dyslexic learners.
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INTRODUCTION

The Critical Role of Literacy in Society

In modern, knowledge-based societies, essential literacy skills,
including reading and writing, are crucial for full participation in community
life (Grafwaller, 2023; Urban, 2023). The lack of proficiency in these areas
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can adversely affect an individual’s educational journey and significantly limit
their access to quality apprenticeships, higher education, and employment
opportunities that offer satisfactory remuneration (Bachore, 2022; Talwar et
al., 2023). Beyond impacting one’s professional life, this shortfall also hampers
engagement in leisure pursuits, such as reading for enjoyment or navigating
digital platforms like social media. Furthermore, routine written exchanges
with family, friends, and colleagues through emails, messaging apps, and other
platforms necessitating written language become considerably challenging
(Elliott & Grigorenko, 2014; Lachmann & Weis, 2018).

Dyslexia: Implications and Identification

Most individuals successfully acquire adequate literacy skills during
their schooling without significant issues. However, a considerable portion
of the population experiences difficulties with reading and writing, even to
the extent that their struggles align with the characteristics of dyslexia — the
proportion of this group is often reported to be between 3% and 7% (Wagner et
al., 2020). This learning disorder is marked by significant challenges in decoding
written language, stemming from difficulties in identifying speech sounds
and understanding their association with letters and words, which implicates
specific language-processing regions of the brain. Individuals with dyslexia, who
typically possess normal intelligence and vision, often find the following tasks to
be extremely challenging: reading fluently, spelling accurately, decoding words,
and (in some cases) writing coherently (Reid, 2016).

The importance of diagnosing dyslexia as early as possible cannot be
overstated; preliminary detection and intervention can significantly alter the
educational trajectory and self-esteem of affected individuals. Early assistance
allows for harnessing the brain’s adaptability during childhood, making it easier
to develop effective reading strategies and mitigate many of the challenges posed
by dyslexia (Colenbrander et al., 2018; Wagner & Lonigan, 2023). Although
dyslexia is a lifelong condition, evidence suggests that with appropriate support
and educational interventions, individuals with dyslexia can enhance their
reading skills and achieve success in both academic and professional settings.
Therefore, prioritizing early diagnosis and tailored interventions is crucial for
empowering individuals with dyslexia to reach their full potential (Steacy et al.,
2023).

Traditional Methods to Identify Dyslexia

Preliminary and precise identification of dyslexia is critical for
providing the necessary support to mitigate its adverse effects (Colenbrander
et al., 2018). Traditionally, dyslexia has been diagnosed through standardized
testing, which involves evaluating reading, writing, spelling, phonological
processing, and sometimes oral language skills for comparing an individual’s
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performance to normative age or grade-level expectations. These instruments are
complemented by educational and psychological evaluations to assess intellectual
abilities, academic achievements, and various cognitive and processing
abilities. Additionally, interviews and questionnaires are utilized to collect
detailed information from the individual, parents, and educators about one’s
developmental history, educational background, and any behavioral concerns
(Christo et al., 2009; Elbeheri & Eid, 2022). While these traditional methods
are invaluable, they also have several limitations: They are time-consuming, can
be stressful for children, rely on the subjective interpretation of results, and may
not fully account for cultural or linguistic diversity, potentially disadvantaging
some individuals. Moreover, the dependency on observable academic difficulties
before initiating testing can lead to a postponement in the application of critical
interventions (Mather & Wendling, 2011).

Eye-tracking technology: A Novel Diagnostic Approach

An alternative to traditional diagnostic methods is the analysis of
eye movements during reading, using eye-tracking technology. This approach
facilitates measuring eye movements noninvasively in high temporal and spatial
resolution. Eye tracking is already being used successfully as a research method in
a wide range of scientific disciplines, for example, in neuroscience, psychology,
and market research. However, the method is also increasingly being applied in
cognitive psychology and empirical educational research (Jarodzka et al., 2017).
Basically, eye movements are divided into fixations (points where the eyes stop)
and saccades (jumps between fixations), the analysis of which allows conclusions
to be drawn about cognitive absorption and processing of information. Eye
movement data are interpreted based on the eye-mind hypothesis developed by
Just and Carpenter (1980) and later confirmed by neuropsychology (Kustov &
Robinson, 1996); per the hypothesis, only visually fixated information becomes
cognitive, and this processing starts without delay.

The eye tracking approach to diagnosing dyslexia involves collecting
objective data on reading behavior through identifying patterns, such as prolonged
and frequent fixations on words, a high number of regressions (indicated by
the eyes moving back to previously read text), and challenges with smooth eye
movements across lines of text. These patterns suggest underlying difficulties
with phonological processing and visual attention, common in dyslexia cases.
Eye-tracking technology involves the use of cameras and infrared light sources to
track eye movements. The technology is primarily focused on the difference in
light reflection from the cornea, which covers the front of the eye, and the pupil.
The pupil reflects very little to no light, appearing as a dark spot in the camera
image, and the position of this dark spot is used in the software to determine the
pupil’s location. However, the main goal is to measure not the pupil’s position
in the camera image, but rather the gaze direction on a computer monitor or
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digital display screen. For this, the eye tracker needs to be calibrated. During
calibration, small points appear on the screen at various locations, which the
participant is instructed to fixate on. This process allows the eye tracker to “learn”
the relationship between the student’s position in the camera image and the gaze
position on the screen. Eye tracking devices can range from mounted systems for
computers to wearable glasses for more natural reading scenarios. Additionally,
a computer or digital display screen is necessary to present reading materials or
tasks, and specialized software is required to calibrate the eye tracker, administer
tasks, record eye movement data, and analyze patterns of eye movements to
generate detailed metrics, such as fixation duration, saccades, and regressions
(Nerusil et al., 2021; Shalileh et al., 2023).

In diagnosing dyslexia, the eye-tracking device is first calibrated for a
specific participant to tailor it to their individual gaze patterns. The individual is
then exposed to reading materials of varying complexity, while the device records
their eye movements, capturing details such as the duration and frequency of
eye fixations, saccades, and regressions. After the reading task, the software
analyzes the data to identify patterns that are characteristic of dyslexia. These
results, interpreted in the context of known dyslexia-associated eye movement
behaviors, provide objective insights into the individual’s reading challenges,
complementing traditional diagnostic assessments (Benfatto et al., 2016).

The use of eye-tracking technology in the diagnosis of dyslexia presents
several advantages: It is less time-consuming than traditional methods, imposes
minimal stress on participants, and reduces the fear of failure associated with
testing environments. This method is a passive form of assessment requiring
individuals to simply engage with text on a screen instead of responding to
questions or performing difficult tasks; it thus alleviates performance pressure.
Furthermore, eye-tracking technology is recognized for its potential to provide
objective, quantifiable data on reading behavior, highlighting difficulties
associated with dyslexia. Nevertheless, its validity as a standalone diagnostic tool
requires further investigation (Rello & Ballesteros, 2015).

Objective of the Study

Through this paper, we aim to compile as comprehensive and
significant a body of knowledge as possible on the application of eye-tracking
technology in diagnosing dyslexia, with a special focus on school-aged children
(6-12 years). We seek to offer a broad overview of existing studies on dyslexia
assessment in this age group through eye-tracking technology, summarizing their
findings, methodologies, and key insights. Through mapping out the research
landscape of this area, this paper aims to highlight trends, discuss the diversity
of approaches, and underscore any emerging patterns or conclusions that have
been drawn. This effort is intended to inform both researchers and practitioners
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about the current state of knowledge in the field, serving as a foundation for
future research, practice, and policy development concerning the use of eye-
tracking technology in the early identification and understanding of dyslexia
among school-aged children.

METHOD

This study involves a systematic literature review focused on the use of
eye-tracking technology in the diagnosis of dyslexia. We employed a rigorous
and explicit set of procedures to search for, select, and critically appraise research
studies. To ensure the process was carried out with the utmost professionalism,
we adhered to the PRISMA 2020 guidelines as our standard (Page et al., 2021).
Central to these directives is a detailed checklist comprising seven sections
with 27 items, ensuring thorough and transparent reporting. Our adherence
to it guarantees that the research methodology and findings are reported with
clarity and integrity, covering all essential aspects from study selection to results
synthesis. We used the PRISMA website (http://www.prisma-statement.org)
for the checklist and flow diagram; its accessible templates and web application
facilitated compliance and reporting efficiency.

To identify relevant studies, we searched five online databases expected
to contain pertinent literature on the topic: APA Psyclnfo, ERIC, PSYNDEX,
TOC Premier, and MEDLINE. In the systematic search, conducted in August
2023, we covered publications from 2013 onward to ensure the timeliness
of the studies included. Our search algorithm was “development® AND (eye
tracking OR eye gaze OR eye tracker OR eye movement measurements) AND
dyslex*.” The terms “development®” and “dyslex*” were specifically chosen to
pinpoint studies focused on developmental dyslexia and intentionally omit
research on acquired dyslexia; to clarify, our emphasis on “development®” is
aimed at exploring dyslexia that emerges during the educational development
of individuals, typically recognized in school-aged children facing difficulties
in learning to read and write. Such developmental dyslexia is in contrast to
acquired dyslexia, which results from brain injury and is not the focus of our
review. To be considered for inclusion in our review, each paper had to meet the
criteria outlined below, in addition to being published in or after 2013:

1. The article must describe a primary study that was published in an

academic journal.

2. The article must be written in English.

The article must have been published in a peer-reviewed journal.

4. The focus of the article must be on the use of eye-tracking
technology for the diagnosis of dyslexia.

5. The participants must be school-aged children (6-12 years).

b
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The selection process, for which we adhered to the PRISMA guidelines,
unfolded as depicted in Figure 1. The primary author initiated the search, which
initially resulted in 370 hits. A first inspection of the titles immediately revealed
that some articles were irrelevant to our theme, because they either did not focus
on the use of eye tracking technology or did not pertain to the diagnosis of
dyslexia; these were excluded, leaving 186 studies. Next, 16 papers that were
not in English were eliminated. Subsequently, we narrowed our focus to studies
related to childhood, resulting in 75 remaining papers. A further 45 studies were
excluded due to duplications. The remaining 30 articles underwent abstract
screening, out of which 21 were deemed suitable for this review. In the final
step of full-text screening, one additional study was found to be unsuitable and
was excluded, because it was not a primary study, but a theoretical paper. Thus,
through the systematic literature search, we ultimately identified 20 studies for
inclusion in our literature review. The secondary author independently verified
the selection process, ensuring rigor and adherence to the specified criteria,
thereby affirming the final selection of studies.
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Figure 1. Flowchart describing the paper selection process

REsurrs

Table 1 summarizes the characteristics of the studies deemed eligible
for our review. It includes the full titles of these studies, along with pertinent
information such as the number of participants and their distribution into
experimental and control groups, as well as their ages and, where applicable,
their grade levels. The most comprehensive aspect covered in Table 1 includes
the eye tracking metrics, specifically measured eye movements. Not all studies
measured the same movements, but most recorded saccades or fixations, or both.
Additionally, Table 1 mentions the type of eye tracker used, as different models

were employed in the studies.
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General Findings

The studies analyzed were conducted in various countries: six in France,
four in China, two in the United States, one in Brazil, one in Italy, one in
Portugal, one in Russia, one in Serbia, one in Spain, one in Sweden, and one in
Turkey. Within the relevant period of the last 10 years, 10 studies were published
in the first half, from 2013 to 2018, and 10 from 2018 to 2023. The search
was updated through 2023, although the most recent studies in this review are
from 2022. That the selected studies vary in terms of country and publication
year suggests that this literature review does not capture regional phenomena or
overlook the development of newer technologies.
Participants

In total, data collected from 1,566 children across the 20 studies were
analyzed. Of these children, 549 were assigned to experimental groups and 618
to control groups. The study by Wang et al. (2022) included 408 children, the
largest group within this literature review. However, the sample descriptions do
not clearly indicate how the children were classified. The age structure of the
participants in the studies shows a core age bracket of 7-11 years (17 out of
20 studies covered this range); 11 studies included children older than 11, and
two studies involved children younger than 7 (aged 6 and over). One study
(Parshina et al., 2022) provides no age range, but only the average age of the
participants. Precise information on the children’s grade levels was much less
common (mentioned in eight instances).
Setting

The tests were always conducted in a one-on-one setting. All children
were taken to a separate room with the experimenter, which was sometimes
darkened, sometimes bright, but always quiet. The participant’s head was often
supported by a chin and/or forehead rest to stabilize it, which was important for
the most accurate measurement of eye movements. It should be noted at this
point that such head supports are no longer needed with current technology.
Regardless, it is, of course, the case that these devices were often still utilized in
the studies analyzed here.
Eye Trackers

As shown in Table 1, researchers applied various eye trackers. Eye Link,
in different models, was used seven times, and Tobii Ltd. was used four times. A
model from Mobile EyeBrain was also used four times, and a tracker from SMI
RED twice. The remaining three trackers were each used once. All researchers
used the software provided with their equipment for analyzing eye movements.
The most frequently measured eye tracking metrics were saccades and fixations,
with the measurements focused especially on the number of these metrics’
movements, the length of saccades, and the duration of fixations.
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Study Summaries

Asberg Johnels et al. (2022) studied eye movement patterns in
schoolchildren recognizing faces; to explore a potential link with dyslexia, they
conducted tests that included reading and memory exercises. Their findings did
not reveal significant differences in eye movement patterns between groups, but
the authors note that students with dyslexia took longer to complete tasks with
more variation among them.

Bellocchi et al. (2019) explored how altering letter and hash mark
distances affected saccadic activity in children with dyslexia. Their experiments
revealed that increased spacing had a negative impact on eye movement behavior.
The researchers conclude that the benefits of increased letter spacing on reading
might not stem from improved saccadic activity.

Freedman et al. (2017) investigated saccade adaptation in children with
dyslexia and found that the latter exhibited no adjustment in saccade amplitudes
in response to visual errors, suggesting underlying cerebellar dysfunction. Their
results indicate that saccadic adaptation, or the lack thereof, might serve as a
noninvasive indicator for identifying dyslexia, reflecting potential issues with
cerebellar functionality.

Ileri et al. (2022) introduced an approach using an electrooculogram
(EOGQG) for early dyslexia identification, achieving high accuracy in detecting
expected eye movements in dyslexic students. This method features a technique
to measure the electrical activity linked with eye movements, enabling early and
accurate identification of patterns indicative of dyslexia in children.

Jiménez et al. (2020) examined convergence reflex in children, where
both eyes move inward toward the nose to focus on a close object. They found
age-related improvements in students from the control group, but observed
delayed responses in those with reading difficulties, indicating a potential link
between convergence reflex efficiency and reading capabilities.

Li et al. (2013) examined visual search skills in children with dyslexia,
finding deficits across tasks including letter, digit, single-character, phrase,
and facial-expression identification, but not with geometric shapes (tangram
figures). Dyslexic students showed lower fixation frequencies and shorter saccade
amplitudes and distances compared to controls. The researchers found consistent
underperformance in the dyslexic group across tasks without variation by task
type, indicating a broad visual processing challenge rather than task-specific
difficulties.

Luca et al. (2013) discovered that dyslexic children demonstrated
slower reading with shorter eye—voice spans compared to controls, indicating
difficulties in word decoding. Their findings suggest that the decoding issues
could be related to either visual or phonological deficits, highlighting significant
disparities in the reading process between dyslexic and typical readers.
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Lukasova et al. (2016) identified that dyslexic students exhibited
impaired eye movement patterns in antisaccade and predictive-saccade tasks,
pointing to difficulties in implicit learning and oculomotor control. However,
no significant difference was found in visually guided saccades, suggesting that
dyslexia affects specific aspects of eye movement and cognitive processing.

Moiroud et al. (2018) found using the Developmental Eye Movement
(DEM) test with an eye tracker that longer fixation durations and reading times
correlated with lower reading abilities. Their study shows that dyslexic children
and their reading-age-matched non-dyslexic counterparts had significantly longer
fixation times and were slower on Test C of the DEM test than chronological-
age-matched non-dyslexics, highlighting the critical role of cortical maturation
in reading proficiency.

Pan et al. (2013) explored the eye—voice span (EVS) in children with
dyslexia by examining their performance in rapid automatized naming (RAN)
tasks involving digits (numbers 1-5) and die surfaces (dots 1-5). They found that
the discrepancy in the EVS between the control group and the group of students
with dyslexia was more pronounced in the digit-RAN task. This observation
suggests that digit-RAN serves as a more effective indicator of dyslexia compared
to dice-RAN.

Parshina et al. (2022) employed scanpath analysis to compare global
reading processes between children with dyslexia and their typically developing
peers, across grades 1-5. They discovered that while both groups exhibited
qualitative similarities in reading patterns, students with dyslexia experienced
a three-year developmental delay in reaching adult-like fluency with reading
processes, achieving this advanced stage by the fifth grade, matching the control
group’s second-graders.

Pina Ridriguez et al. (2017) investigated white noise’s effect on reading
in dyslexic and typical children using a lexical-decision task. Dyslexics were
mainly affected in accuracy, whereas controls were affected in response time and
eye movements. Noise notably impaired pseudoword reading in typical readers,
hinting at sub-lexical route disruption. These findings stress the importance of
reading strategies and stimulus types in dyslexia research.

Raghuram et al. (2019) validated self-reported vision-related symptoms
more common in dyslexic children, including tired eyes, double vision, and
blurred words when reading. Their findings correlated these symptoms with
oculomotor outcomes: a lower reading speed (words per minute), an increased
number of fixations, and more regressive saccades (per 100 words).

Razuk et al. (2018) found that the use of a green filter significantly
enhanced reading speed and reduced fixation times for students with dyslexia.
They suggest that the filter improves reading ability through facilitating cortical
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activity and reducing visual distortions. Their study highlights the potential of
green filters in supporting reading performance in dyslexic children.

Seassau et al. (2014) investigated binocular eye movement behavior
during reading and visual search tasks and discovered distinct differences
in dyslexic children compared to age-matched typical readers. Using video-
oculography, they found that dyslexic students displayed impaired ocular motor
characteristics in reading tasks and exhibited deficiencies in visual attentional
processing, as well as in the interaction between ocular motor saccade and
vergence systems.

Tiadi et al. (2014) studied vertical saccades in dyslexic children,
comparing them with age-matched non-dyslexic peers, and uncovered significant
delays in saccade latency, reduced saccade velocity, and abnormalities in saccade
execution among the dyslexic group. These findings suggest impairments not
only in the cortical areas responsible for vertical saccade performance, but also
in the peripheral mechanisms of the extra-ocular muscles, alongside a visuo-
attentional bias causing up-down asymmetry in saccade triggering.

Extending their prior work, Tiadi etal. (2016) investigated phonological
visual-auditory recognition tasks and found that dyslexic children spent uniform
durations on targets across different phonological conditions and displayed
consistent latency, unlike their non-dyslexic counterparts. These results
indicate a distinct challenge with phonological processing in the dyslexic group,
highlighted through eye movement patterns.

Vajs et al. (2022) investigated the impact of different-colored
backgrounds on eye movement patterns in children, focusing on identifying
dyslexic tendencies through advanced eye tracking metrics and machine
learning analysis. They evaluated the children’s reading of text segments across
13 color configurations. Despite finding no consistent preference for a specific
background color among the dyslexic participants, the researchers achieved a
notable dyslexia detection accuracy of 94% using a combination of conventional
and newly proposed eye tracking features.

Wang et al. (2022) investigated cognitive processes in RAN tests
through eye movement entropy, noting that task complexity affects entropy.
This approach involves examining the diversity and unpredictability of eye
movements in specific cognitive tasks and observing how the complexity of these
tasks impacts the underlying cognitive processes.

Finally, Wu et al. (2018) explored how the Stroop Color and Word Test
affects eye movements in dyslexic students and found that the latter experienced
more difficulties with task completion and interference suppression than non-
dyslexic children. The study shows that the dyslexic children had abnormal eye-
movement patterns, including shorter saccade distances and a higher number of
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fixations and saccades, highlighting significant challenges in visual processing
and attention management.

Discussion
Main Findings

The above systematic review of 20 studies on the application of eye
tracking technology in diagnosing dyslexia among school-aged children reveals
significant insights into the efficacy and applicability of this approach. Through
their measurement of specific metrics, such as saccades and fixations, the reviewed
studies collectively highlight eye tracking technology’s capability to reveal distinct
visual-cognitive discrepancies associated with dyslexia. A key finding from our
review is the variability in eye movement patterns observed in dyslexic children
compared to their non-dyslexic counterparts. These patterns, particularly the
longer fixation durations and altered saccadic movements, suggest that eye
tracking metrics can reliably indicate reading difficulties, shedding light on the
underlying visual-cognitive challenges of dyslexia. Moreover, the impact of task
complexity on eye movement underscores the necessity of considering cognitive
demand in diagnostic assessments, since more complex tasks reportedly tend to
elicit greater variability in eye movement among dyslexic individuals.

The controlled environments in which these studies were conducted
point to the sensitivity of eye tracking measurements to external factors,
emphasizing the importance of standardized testing conditions for accurate
dyslexia diagnosis. Additionally, the diverse methodologies and technologies
employed across the 20 studies reflect the field’s growth, yet also underline the
need for standardization or comparative research to identify the most effective
eye tracking tools for dyslexia assessment.

The link between eye movement metrics and reading skills highlights
the need for targeted dyslexia interventions, such as designing customized
reading materials with optimized letter spacing, developing tools for early
detection of dyslexia through specific eye movement patterns, creating cognitive-
load-adjusted learning tasks, implementing visual and linguistic processing skill
enhancements, and introducing environmental or assistive technologies such
as color filters to support reading efficiency. Future research efforts should be
focused on method standardization and the educational use of eye tracking to
fully leverage its benefits in dyslexia care.

Limitations

Despite the comprehensive nature of this review, several limitations
warrant attention. First, the heterogeneity in study designs, eye tracking
methodologies, and participant demographics across the included studies
complicates the direct comparison and synthesis of findings. The variability in
eye-tracker models and the specific eye movements measured introduces another
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layer of complexity, potentially affecting the generalizability of the results.
Additionally, the concentration of studies within certain geographical regions
may limit the applicability of findings across diverse linguistic and cultural
contexts. Lastly, the lack of detailed information on the diagnostic criteria
for dyslexia and the classification of participants into experimental or control
groups in some studies raises questions about the consistency and specificity
of the findings. These limitations highlight the need for more standardized
research protocols and broader inclusion criteria in future studies to enhance
the reliability and applicability of eye tracking technology in diagnosing dyslexia
among school-aged children.

Practical Implications and Conclusion

Implications of our findings are multifaceted, extending beyond the
immediate realm of dyslexia diagnosis into broader educational and clinical
practices. The evidence underscores the potential of eye tracking technology
to aid noninvasive, objective, and detailed assessments of reading-related eye
movements, which can significantly contribute to early detection of dyslexia
and suitable intervention strategies. Specifically, the nuanced understanding of
saccades and fixations possible through eye tracking can inform tailored reading
interventions and educational supports that accommodate the unique needs of
dyslexic learners. Furthermore, this technology holds promise for enhancing
existing diagnostic frameworks, potentially leading to more precise and
personalized educational planning. The cross-cultural and age-specific insights
gleaned also suggest the importance of considering demographic and linguistic
diversity in applying eye tracking diagnostics and developing more inclusive and
effective educational practices.

In light of the identified limitations and the evolving landscape of
dyslexia research, several suggestions for future research emerge. First, there is
a critical need for standardized protocols in the use of eye tracking technology,
including uniformity in eye movement metrics and diagnostic criteria for dyslexia.
Future studies should aim to include larger, more diverse samples, encompassing
a wider range of languages and cultural contexts to enhance the generalizability
of our findings. Investigations of the longitudinal impact of eye-tracking-based
interventions on reading outcomes would also be valuable in offering insights
into the long-term efficacy of such approaches. Additionally, the integration
of eye tracking with other diagnostic tools could result in a more holistic
understanding of dyslexia, potentially unveiling novel biomarkers for early
identification. Finally, researchers should also focus on the cost-effectiveness and
accessibility of eye tracking technology, ensuring that its benefits can be broadly
realized across different educational settings and socioeconomic backgrounds.
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