einstein

Official Publication of the Instituto Israelita
de Ensino e Pesquisa Albert Einstein

Ll
—
=
o
(-]
<
—
<t
=
=
o
(=]

Assessing webcam-based eye-tracking during comic
reading in the classroom: a feasibility study
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WBET monitored comic reading Precision: 1.264%
behavior revealing differing reading

speeds across comic sections

despite data quality challenges WBET showed slightly lower precision (bias = -1.794,
95%Cl= -3.055 to -0.532) with no difference in accuracy
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In Brief

Webcam-based eye tracking offers a practical approach for
monitoring reading behavior in classroom environments.
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ORIGINAL ARTICLE
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ABSTRACT

Objective: To evaluate the feasibility and accuracy of webcam-based eye tracking for monitoring
comic books reading behavior in a real-world classroom setting. Methods: We tested the
feasibility of using the webcam-based eye tracking in a children’s classroom experiment (n=22),
observing reading patterns as students engaged with a comic strip. Qualitative quality control
was implemented to exclude low-quality data. Fixation dwell time was measured to determine
whether specific areas of the image received more attention. Additionally, a validation test was
conducted (n=3) to assess the accuracy and precision of webcam-based eye tracking compared
with an infrared-based eye-tracking system. The accuracy and precision were evaluated, with
lower values indicating better performance. Results: During the comic reading task, webcam-
based eye tracking effectively captured fixation dwell time, showing that students read the left
side significantly faster (2.916 words/s, SD=0.705) compared to the right side (1.962 words/s,
SD=0.450, p<0.001). The validation test showed that webcam-based eye tracking had an
average accuracy of 11.581% and a precision of 3.058%, whereas the infrared-based system
recorded an accuracy of 11.290% and a precision of 1.264%. Although webcam-based eye tracking
demonstrated a slightly lower precision (bias=-1.794, 95%Cl=-3.055 to -0.532), no significant
difference was observed in accuracy between the two systems. Conclusion: Despite significant
data loss due to low-quality recordings, webcam-based eye tracking proved to be a feasible tool
for monitoring comics reading behavior in real-world classroom settings, providing accuracy
comparable to that of IR-based systems and valuable insights into students’ reading patterns.

Keywords: Eye-tracking technology; Usability evaluation; Comics; Method comparison; Reading
patterns

INTRODUCTION

The recent global health crisis caused by the coronavirus disease (COVID-19)
outbreak has resulted in researchers worldwide adapting their data collection
methodologies for scientific investigations.() Considerations have been made
to ensure the continued productivity of research involving human participants
amidst the reality of social distancing measures, including in schools. A viable
approach to preventing in-person interactions and following social distancing
guidelines involves leveraging widely accessible electronic devices for data
acquisition. This entails transitioning to online interviews and questionnaires,
employing telemedicine techniques, and gathering data remotely.** The
utilization of webcams integrated into portable computers has fostered the
interest of researchers engaged in remote data collection, particularly those
employing eye tracking methodologies.®
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Eye-tracking enables the detection and recording
of ocular behavior, which has captured the interest of
psychologists and neuroscientists since the proposition
of eye movement as a dynamic indicator of attention
direction in the 1980s.©® Gaze, which is directly linked
to attention, offers insights into cognitive processes,
making eye tracking applicable in various fields such
as psychology,” healthcare,® education,” marketing,1?
and user experience.!'V Several methods for studying
eye movements such as video-oculography, video-based
tracking, and electro-oculography are available.(>!%
Specialized devices used in these methods rely on
infrared (IR) light reflection from the cornea, which
provides complementary reference points which, when
combined with the center of the pupil, enhance tracking
accuracy.'¥ However, eye tracking is considered a high-
cost technology compared with other techniques used
to measure behavior and attention.

Conventional eye-tracking systems typically require
specialized hardware such as dedicated glasses or
sensors. Whereas popular electronic devices, such as
smartphones, tablets, laptops, and video game consoles,
are equipped with built-in webcams. Thus, combining
built-in webcams with algorithms and software allows
the tracking of user gaze, a technique called webcam-
based eye tracking (WBET), at a much lower cost.
Therefore, WBET offers several advantages, including
affordability and the opportunity to conduct eye-
tracking studies in ecological environments such as
homes or schools.!® Additionally, the use of webcams
integrated into portable computers has fostered the
interest of researchers in eye tracking remote data
collection.®

Despite its advantages, WBET has certain challenges
and potential issues. Previous studies haves shown that
they WBET often exhibits limited resolution and lower
accuracy for motion detection than dedicated eye-
tracking devices, thereby affecting the quality of the
collected data.®1® However, WBET has some adaptable
aspects that can affect the data quality, such as the
camera utilized, head position, lighting conditions, and
other environmental factors.!’” Moreover, webcams
embedded in popular devices have low resolution,
making it difficult to accurately track eye movements
and even harder to obtain subtle measures such as
saccades and pupil dilatation.(%!®

Therefore, further testing and validation of WBET is
necessary to address these challenges” and assess the
reliability and validity of the measurements obtained
using this method. Consequently, it is essential to
compare the data obtained from webcam-based and
specialized technologies to identify the limitations of
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the webcam method.®?" Furthermore, performing more
studies using WBET can help understand its capabilities
and potential applications, which can contribute to the
development of methodologies and their adoption as
viable alternatives.

Eye-tracking analysis in comic book studies
Aninteresting context for testing the WBET application
lies in the realm of comic books. Researchers have gained
valuable insights into fixation patterns and reading
strategies by tracking participants’ eye movements
while engaging with comics. ??? This method allows for
a detailed examination of the aspects of a comic page
that capture readers’ attention the most®? aiding in the
analysis of comprehension and reading strategies.®2%
Such studies allow comics creators, publishers, and
scholars to enhance visual communication®” in this
medium as well as improve teaching resources.

Comic books are frequently selected as a means of
teaching challenging concepts because of their potential
to facilitate information acquisition for children.®
Drawings enable the reading of stories by children
who have difficulties with traditional reading forms.
Consequently, it can facilitate the teaching of complex
concepts such as those related to critical thinking and
scientific knowledge in the field of health.®® Therefore,
eye-tracking can be used as an investigation tool, as it
has been used in education research.®

Additionally, WBET technology can be applied to
analyze teaching resources in underserved communities,
mainly because of its low cost. This is particularly
significant for these communities as they often face
financial constraints and cannot afford to spend
money on materials for which they are unsure of their
functionality or effectiveness. Thus, WBET allows us to
evaluate the feasibility® and practicality of materials
in challenging educational environments. Ultimately,
this contributes to enhancing educational quality and
addressing student needs in underserved contexts.
Furthermore, it a contributes the most to testing the
feasibility and viability of WBET to replace specialized
eye trackers in research studies, particularly for
tracking attention in reading during remote and online
experimentation.®®3)

OBJECTIVE

This study aimed to evaluate the feasibility of using
webcam-based eye tracking in a classroom setting
during comic strip reading, as a mean to evaluate teaching
resources.
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METHODS

School context

The study included 22 (10-12 years-old) children from
a 6 year class from a school in Vitéria da Conquista,
Bahia, northeastern Brazil. Informed consent was
obtained from the children and their parents or
guardians. This study was approved by the Research
Ethics Committee of Hospital Israelita Albert Einstein
(CAAE: 29757720.0.0000.0071; # 414,171 and SGPP
4078-20).

Eye-tracking equipment

Two eye tracking devices were used in this study. the The
GazeRecorder software was used on two notebooks for
data acquisition via the webcam, in which the resolution
of the cameras was 640x480 at 30fps and 1280x 720 at
30fps for the validation task and comic reading task,
respectively.

The IR eye-tracking data were captured using Tobii
Glasses Pro 11, which is a portable eye-tracking device
that uses corneal reflection and dark pupil methods.
The system consists of several components, each
serving a specific purpose. The head unit, which is a
wearable eye tracker in the form of glasses, features two
sensor cameras per eye that record the eye orientation,
an IR illuminator that illuminates the eyes to support
the sensor cameras, and a high-definition camera that
records what is in front of the user. Data is captured
at a sampling rate of 100Hz and a video resolution of
1920x 1080 pixels at 25fps.

Webcam-based eye-tracking validation test

As a preliminary step, we conducted a validation test
to assess the reliability of WBET used in this study.
Three authors-two men and one woman-volunteered
for this validation test, with ages ranging between 24-34
years. All three participants underwent the procedure
without wearing glasses, including those who required
vision correction lenses, to aid eye identification by
the hardware. A screen with nine small black circles
(reference points, Figure 1S, Supplementary Material)
was shown to the participants, who received verbal
instructions to look at the next reference point at intervals
of approximately 3s (controlled with a stopwatch). The
sequential order was followed from the top left corner
to the bottom right, as that in the left to write (top to
bottom) reading. Thus, the eye-tracker gaze estimate
could be compared with the actual reference position.
The validation task lasted approximately 30s. Each
volunteer performed the task twice: once with the

WBET GazeRecorder® software and once with the
Tobii Glasses Pro II¢® device. Before the validation task,
calibration was performed based on the eye tracker
used. In the WBET, facial recognition is automatically
performed by the software as the participant gazes at
a red circle in the center of the screen. The calibration
process involves nine red circles that appear and
disappear individually at various locations on the
screen. In contrast, in IR eye tracking, calibration was
conducted while the participant focused on a circular
figure placed at a distance of one outstretched arm.

Comic reading task
Data were collected from a school that was accepted as
a part of the Informed Health Choices (IHC) project
intervention pilot in Brazil.®*» The THC project develops
teaching resources to promote citizen engagement
in health decision making by teaching critical and
scientific thinking.®> These resources are currently being
translated, adapted, and tested in various countries,
including Brazil.®® The eye-tracking analysis was part
of a teaching resource user experience investigation.
Data collection was performed in the second week of
classes so that the children could be exposed to the comic
strip during the class in which its key concept would
be taught. The students were recruited individually in
another room during class to perform the task. The
laptop was positioned in a bright and illuminated place
in the room to optimize the eye-tracker data acquisition.
The researcher performed facial recognition and the
9-point calibration with the participant. The figure was
displayed on the full screen. Participants were instructed
to keep their heads still and silently read the comic
strip. Figure 2S, Supplementary Material shows the
Brazilian Portuguese version of the comic used in the
task and Figure 3S, Supplementary Material shows the
original English version. The recording was performed
for 1min, which is the time limit of the free version of
the software.

DATA ANALYSIS

Webcam-based eye-tracking validation test

The acquisition software provided fixation coordinates
for the time series. The validation test was performed
by calculating the accuracy and precision of eye
tracking. The accuracy was calculated as the average
Euclidean distance (as a percentage of the test image
size) between the fixations detected by the eye tracker
and the reference points. Precision was calculated
as the standard deviation of the Euclidean distance
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between the detected fixation and reference points.
Values closer to zero indicate better accuracy and
precision. These metrics were calculated per reference
point, and the resulting nine values were averaged to
obtain the participants’ accuracy and precision values.
The participants’ average accuracy indicates that, on
average, the measurements of the participants were x%
away from the reference points. The average precision
reflects the dispersion between measurements.

In IR-based eye-tracking data, a planar homography
transformation is required to transform the data
from the video coordinates of the glasses to test the
image (computer screen) coordinates. This allows the
calculation of accuracy and precision to be carried out
as a percentage of screen coordinates, as in WBET.
Planar homography describes the relationship between
two views of the same planar surface by converting
points from one view to another assuming that the
observed scene lies on a flat, two-dimensional plane.®”
The homography was estimated by matching four points
(the corners of Figure 1) in the eye tracking videos were
recorded over time. The locations of the four points
were manually determined throughout the video for all
participants.

The Bland-Altman test®® was performed to assess
the concordance between the two acquisition methods
as it calculates the mean difference between two
measurement methods (the bias) and the 95% limits
of agreement as the mean difference =1.96 standard

@ Traditional eye-tracker

deviations. The 95% limit of agreement was expected
to encompass 95% of the differences between the
two measurement methods. The values used were the
accuracy and precision means for all nine reference
points of the three participants, resulting in 27 values.

Comic reading task
The eye-tracking assessment was described by the
central and dispersion tendencies of the reading speed
measures. The Wilcoxon’s®” test was used to compare
the subject’s data. Kernel Density Estimation®“? was
used to create heat maps. Density was calculated based
on the number of points in a location, with larger
numbers of clustered points resulting in yellow regions
on the map and small numbers resulting in blue regions.
The WBET software automatically generated heatmap
videos, where the heated colors illustrated the locations
of the participants’ gazes over time. During the quality
control process, the heatmap videos were qualitatively
analyzed, leading to the exclusion of data from ten
participants owing to poor quality. In this context,
poor quality refers to data that do not accurately
reflect participants’ gaze behavior. Specifically, some
recordings lacked any observable density on the
heat maps, while in others, gaze density appeared
momentarily but vanished suddenly. In addition, the
raw eye-tracking data indicated that some participants
directed their gaze toward areas far from the laptop

[l Webcam-based eye-tracker
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Figure 1. Overlapping points detected by both eye-tracking methods
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screen. However, concurrent video recordings captured
by the webcam during the task showed that these
participants were actually looking at the screen for the
entire duration. This discrepancy between eye tracking
data and video evidence underscores the unreliability of
the data from these participants. Consequently, these
data points were excluded to preserve the integrity of
our analysis, preventing them from being included in
the data analysis process.

RESULTS

Webcam-based eye-tracking validation test

The WBET validation tests were performed by three
authors. Figure 1 shows the overlapping distribution
of screen fixations detected by both methods on the
calibration image for the three participants. The red
dots represent the fixations detected by the IR-based
eye tracker and the blue dots represent the fixations
detected by WBET. Figures 4S and 5S, Supplementary
Material show the distribution of fixations on the
screen for the three participants with WBET-and IR
eye trackers, respectively. The x- and y-axes represent
the surfaces viewed by the participants as percentages
(from 0 - 1). The image displayed during data collection
was inserted inside the area formed by coordinates (0.0),
(0.1), (1.1), and (1.0). The highlighted dots represent
the nine reference points displayed to the participants
during the test. Colored point clouds depict the fixations
assigned to each reference point of the same color. The
point clouds represent the locations where the WBET
detected that the participants fixated on their gazes
while staring at the reference points.

Based on the figures, the IR eye-tracker performed
more accurately at the upper points along the y-axis but
gradually worsened at the lower points. The eye-tracking
data suggested that Participant 1 (S1) exhibited greater
accuracy in both data collection tasks. Participant 2 (S2)
exhibited the worst accuracy and precision for both
data collection methods.

The average accuracy and precision were 11.581%
and 3.058%, respectively, for WBET. The accuracy and
precision of the IR-based eye tracker were 11.290% and
1.264%, respectively. In general, the participants did
not show significant differences between the methods,
with the same participant having the best accuracy in
both methods, while another participant was having
the worst accuracy in both the methods. Additionally,
both methods presented better precision than accuracy.
Table 1 presents the average precision and accuracy
across the reference points for each participant for both
data collection methods.

The results of the Bland-Altman test for the 27
values of average precision and accuracy are illustrated
in figures 2 and 3, respectively, and table 2. A slight

Table 1. Measures of accuracy and precision from both eye-trackers

Webcam-based eye-tracker  Infra-red based eye-tracker

Participant  Ayerage Average Average Average
accuracy (%) precision (%) accuracy (%) precision (%)
1 7.053 3.580 9.564 0.818
2 8812 2.624 10510 2.088
3 18.877 2.969 13.797 0.885
Mean 11.581 3.058 11.290 1.264
Bland-Altman plot for comparison of 2 methods
N e
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Figure 2. Scatter diagram of average precision by Bland-Altman test

The middle horizontal dotted line is the bias and refers to the mean of the differences
of the two measurements. The blue interval refers to the 95% confidence interval
of the mean difference. The upper horizontal dotted line is the Upper LoA and
represents the average difference + 1.96 times the standard deviation of the
difference. The lower horizontal dotted line is the Lower LoA and represents

the average difference - 1.96 times the standard deviation of the difference.

The intervals in green and red represent the 95% confidence interval of LoA,
demonstrating the error or precision of the upper and lower LoA respectively

Bland-Altman plot for comparison of 2 methods

Differences
A o

o

.

1

0.05 0.10 0.15 0.20
Means

Figure 3. Scatter diagram of average accuracy by Bland-Altman test

The middle horizontal dotted line is the bias and refers to the mean of the differences
of the two measurements. The blue interval refers to the 95% confidence interval of
the mean difference. The upper horizontal dotted line is the Upper Limit of Agreement
(LoA) and represents the average difference + 1.96 times the standard deviation of
the difference. The lower horizontal dotted line is the Lower LoA and represents the
average difference - 1.96 times the standard deviation of the difference. The intervals
in green and red represent the 95% confidence interval of LoA, demonstrating the
error or precision of the upper and lower LoA respectively

einstein (Sao Paulo). 2025;23:1-14



Nascimento JA, Bazan PR, Azevedo Neto RM, Silva ES, Soares DA, Balardin JB, Amaro Junior E

Table 2. Bland-Altman test results for the two methods comparison

Accuracy means (%)
-0.290 (-4.346 to 3.765)
1973
19.805 (12.786 to 26.824)

Precision means (%)
-1.794(-3.055 t0 -0.532)
0.614
4.456 (2.273 10 6.639)

Bias (95%Cl*)
Standard error of bias

Upper limit of agreement
(95%Cl)
Lower limit of agreement
(95%Cl)

*The 95% confidence interval (95%Cl) establishes the range in which, approximately 95% of the time, differences in data
from one technique to another will be found

-20.386 (-27.404 0 -13.367)  -8.044(-10.227 t0 -5.861)

negative bias was observed in the precision, indicating
that the precision measures were better in the IR-
based eye tracker. This is indicated by the fact that
zero is outside the 95% confidence interval in figure 2.
However, the bias was close to zero in the comparison
of average accuracy, implying that the two methods
produced similar accuracy results. The value exceeded the
minimum acceptable difference between the methods in
only one of the observations of the precision comparison.

Eye tracking task

Eye-tracking data were obtained from 12 participants
while they read a comic strip from the Health Decisions
Book. The values of gaze duration on the left and
right sides of the image and gaze duration per panel in
seconds were obtained using the gaze location time series,
along with the reading speed of the participants (words
per second), as shown in table 3. The mean, standard
deviation, and median values were also calculated.

Table 3. Gaze dwell time and reading speed on the comic strip

The average reading speed on the left side of the
image was 2.9 words per second (175.0 words per minute)
and on the right side was 2.0 words per second (117.7
words per minute). The Wilcoxon test showed a statistical
difference between the two medians (p-value=4.96 x
107 4). The average gaze duration per panel on the
left side was shorter (8.659 s/panel) than that on the
right side (15.439 s/panel). A significant difference was
also observed between the gaze duration per panels as
showed by the Wilcoxon test (p-value=2.219 x 10" -5)
(Figure 4).

Heatmaps (Figures 6S to 8S, Supplementary
Material) were obtained for the 12 participants (S1-
S12). The level color ranged from blue to yellow, in
which the shades of yellow represent the places where
the participant’s gaze remained for the longest time,
and the shades of blue represent the places where the
participant’s gaze remained for a shorter time.

DISCUSSION

Based on the results of this study, webcam-based eye
tracking technology appears to be a highly promising
method in classroom settings, as it was proven to be
useful in this assessment through validation tests and
actual tasks.

Webcam-based eye-tracking validation test

The Bland-Altman test employed in this study
demonstrated that both the IR-based and WBET
methods exhibited a high level of concordance. Although

Participant Left-time Right-time Total-time Left-time Right-time Total-time Left-speed Right-speed Total - speed
(s) (s) (s) (s/panel) (s/panel) (s/panel) (word/sec) (word/sec) (word/sec)
1 24.016 30.728 54.744 8.005 15.364 10.949 2.998 1.887 2.375
2 31.343 28.087 59.430 10.448 14.043 11.886 2297 2.065 2.187
3 22.815 37.185 60.000 7.605 18.692 12.000 3.156 1.560 2.167
4 24.583 20.250 44.833 8.194 10.125 8.967 2,929 2.864 2.900
g 24.839 34.274 59.113 8.280 17.137 11.823 2.899 1.692 2.199
6 25.297 33.405 58.703 8.432 16.702 11.74 2.846 1.736 2214
7 21.833 35.984 57.817 7.278 17.992 11563 3.298 1.612 2.248
8 33.704 24.749 58.453 11.235 12.374 11.691 2.136 2.343 2224
9 36.639 21.967 58.606 12213 10.983 11.721 1.965 2.640 2218
10 31.029 28.603 59.632 10.343 14.301 11.926 2.320 2.028 2.180
" 16.120 41.855 57.976 5373 20.927 11.595 4.466 1.386 2242
12 19.526 33.441 52.967 6.509 16.720 10.593 3.687 1734 2454
Mean 25.979 30.877 56.856 8.659 16.439 11.371 2916 1.962 2.301
Standard deviation 6.0393 6.423 4.3132 2,013 321 0.863 0.705 0.450 0.207
Median 24711 32.066 58.530 8.237 16.033 11.706 2914 1.812 2.221
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Figure 4. Comic strip reading speed (words/sec) and dwell time per panel (sec/panel)

the IR-based eye tracker exhibited greater precision
according to the proximity of the accuracy measures,
increasing the sample size and the lower precision of the
WBET had a reduced impact. Therefore, we conclude
that WBET can effectively serve as an eye-tracking data
collection method under similar conditions.

The precision and accuracy measures of the WBET
method can be considered high, as indicated by the
15% screen size accuracy and 4% precision found
in similar fixation tasks.® In contrast, precision and
accuracy measurements for IR-based eye trackers are
not as accurate because of the need to transform the
fixation coordinates to the 2D plane through planar
homography, adding errors to these measurements.
Another results that can be attributed to the errors
caused by the planar homography transformation is
that the IR eye tracker performed more accurately
at the upper points along the y-axis and gradually
worsened at the lower points. This variation could
also be attributed to other factors, such as the position
of the head unit (glass structure), which can be more
precise and accurate in the centerline of vision.
However, further analyses are required to determine
the exact cause of this discrepancy. Moreover,
participant 1 also exhibited greater accuracy in both
data collections, whereas Participant 3 (S3) exhibited
the worst accuracy in both collections. This could be
related to individual aspects, such as the participant’s
eye color or head movements.

The validation test results corroborate the previous
findings, which indicate that WBET technology can
achieve the same performance as IR-based eye trackers.”
However, the primary limitation of WBET eye tracking
isits lack of sensitivity in detecting movements compared
to specialized equipment, making it more suitable for
situations where high precision is not required, such as
in large areas of interest.?%4)

Nonetheless, utilizing eye tracking via webcams
offers numerous benefits, including expanded data
collection capabilities and the ability to conduct
research remotely because of the widespread availability
of webcams on digital devices.*? However, limitations
include camera quality, frame rate, and the absence of
infrared light sources, which can affect accuracy owing
to interference from external light sources.(>**) Thus,
many researchers have adopted the WBET technology
in their studies, often comparing it to IR devices to
ensure reliability.154)

Comic book reading task

Among the 22 eye-tracking recordings, 12 yielded high-
quality data, highlighting the feasibility of using WBET
to track student attention while reading comic stories
in a classroom setting. Data analysis revealed that it is
possible to determine the location of an individual’s
gaze on each side of the image and find significant
differences in the speed of comic reading using this

einstein (Sao Paulo). 2025;23:1-14



Nascimento JA, Bazan PR, Azevedo Neto RM, Silva ES, Soares DA, Balardin JB, Amaro Junior E

method, as explored in the following paragraphs.
However, we believe that the loss of quality in the other
10 recordings may be due to potential factors such as
participants wearing glasses in a bright room, which
caused reflections on the lenses and occasionally led
the software to lose track of their gazes. Additionally,
students’ head movements or the researcher positioning
herself in front of the notebook to start the recording
were considered possible reasons for interference in gaze
recognition. These results are consistent with a previous
eye-tracking feasibility study,® wherein data loss was
highlighted as one of the key lessons learned, attributed
to factors such as inconsistent lighting, temporary
hardware malfunctions, minor eye movements, and
wearing of masks and eyeglasses. Moreover, our results
are consistent with those of other studies that have
tested WBET models in real-world settings, also finding
evidence of their feasibility, although highlighting
significant room for improvement.*” In this study,
the students exhibited a higher average reading speed
on the left side of the comic book, indicating a faster
reading of the story’s beginning. This suggests that
the later panels may demand a greater cognitive load
for comprehension, as the time spent on each panel is
correlated with the cognitive effort required to process
the information.®'¥ The reason for this may be that the
concept’s explanation occurs in the last panel, which
may have led to a moment of greater reflection by the
students in that part of the story.

Notably, the overall average reading speed was
lower than the global averages, possibly influenced
by pandemic-related school closures shutting down
students’learning environments.*® In addition, although
Latin languages seems to have a higher average reading
speed than other languages,*® a study in including fifth-
grade Brazilian students also demonstrated low reading
speeds.®)

The eye-tracking heat maps did not reveal a
consistent reading pattern or fixation location among
participants, likely because of the less constrained nature
of image and comic processing compared with text, in
which readers are expected to read word-by-word and
line-by-line. Comics afford readers more freedom to
explore content® and participants’ interests in specific
images or panels may vary individually. However, it was
possible to identify the horizontal gaze direction, i.e.,
the time at which the participants read the left or right
part of the image. The use of WBET, which provides
lower image quality than specialized eye tracking®¥
further complicates the analysis of which panel each
participant remained on for the longest time.

einstein (Sao Paulo). 2025;23:1-14

Despite its positive outcomes, this study has certain
limitations, to including the data collection process.
Since the study was conducted in a school room,
people entered and left the room at some time, which
can be considered a distracting factor. However, the
advantage of conducting data collection at school lies
in the ecological context, as students are simultaneously
engaged in nearby classes.

CONCLUSION

This study highlights the potential of the WBET
technology as an accessible tool for classroom research.
Despite its slightly lower precision compared to
infrared-based systems, WBET proved effective in
tracking gaze behavior during comic reading tasks,
revealing meaningful attention patterns. Limitations,
such as data loss, environmental distractions, and lower
image quality, underscore the need for methodological
improvements. However, the ecological validity of
conducting research in a natural classroom setting
demonstrated of WBET as a cost-effective alternative
for educational studies. Future studies should refine its
accuracy and explore broader applications in learning
environments.

ACKNOWLEDGMENT

This study was conducted with the support of the
Coordination for the Improvement of Higher Education
Personnel (Coordenagao de Aperfeicoamento de Pessoal
de Nivel Superior-CAPES) - Brazil, Funding Code
001, the Associacdo Brasileira de Gestdo em Projetos
(ABGP), and Hospital Israelita Albert Einstein (HIAE),
which funded the translation of teaching resources into
Brazilian Portuguese.

AUTHORS’ CONTRIBUITION

Jade Antunes Nascimento: conceptualization, investigation,
data curation, formal analysis, methodology, and writing
of the original draft. Paulo Rodrigo Bazdn and
Raymundo Machado de Azevedo Neto: formal analysis,
methodology, validation, writing, review, and editing.
Edilene Santos Silva: data curation, writing, review,
and editing. Daniela Arruda Soares: supervision,
resources, writing, review, and editing. Joana Bisol
Balardin: conceptualization, supervision, investigation,
methodology, writing, review, and editing. Edson Amaro
Junior: conceptualization, supervision, methodology,
writing, review, and editing.



Assessing webcam-based eye-tracking during comic reading in the classroom

AUTHORS' INFORMATION

Nascimento JA: http://orcid.org/0000-0002-8365-1866
Bazan PR: http://orcid.org/0000-0003-2202-0494
Azevedo Neto RM: http://orcid.org/0000-0003-2209-9112
Silva ES: http://orcid.org/0009-0006-8128-7243

Soares DA: http://orcid.org/0000-0002-4801-1011
Balardin JB: http://orcid.org/0000-0001-8294-8257
Amaro Junior E: http://orcid.org/0000-0002-5889-1382

REFERENCES

Torrentira Jr MC. Online Data Collection As Adaptation in Conducting
Quantitative and Qualitative Research During the Covid-19 Pandemic. Eur J
Educ Stud. 2020;7(11):78-87.

Wong A, Ho S, Olusanya O, Antonini MV, Lyness D. The use of social media
and online communications in times of pandemic COVID-19. J Intensive Care
Soc. 2021;22(3):255-60.

Dodds S, Hess AC. Adapting research methodology during COVID-19: lessons
for transformative service research. J Serv Manag. 2021;32(2):203-17.

Farooq MB, De Villiers C. Telephonic qualitative research interviews: when
to consider them and how to do them. Meditari Account Reasearch.
2017;25(2):291-316.

Semmelmann K, Weigelt S. Online webcam-based eye tracking in cognitive
science: A first look. Behav Res Methods. 2018;50(2):451-65.

Just MA, Carpenter PA. A theory of reading: from eye fixations to
comprehension. Psychol Rev. 1980;87(4):329-54.

Armstrong T, Olatunji BO. Eye tracking of attention in the affective disorders:
a meta-analytic review and synthesis. Clin Psychol Rev. 2012;32(8):704-23.

Ashraf H, Sodergren MH, Merali N, Mylonas G, Singh H, Darzi A. Eye-
tracking technology in medical education: A systematic review. Med Teach.
2018;40(1):62-9.

Lai ML, Tsai MJ, Yang FY, Hsu CY, Liu TC, Lee SW, et al. A review of using eye-
tracking technology in exploring learning from 2000 to 2012. Educ Res Rev.
2013;10:90-115.

. Wedel M. Pieters R. A review of eye-tracking research in marketing. In:
Malhota N, organizador. ACM SIGCHI Bulletin - a supplement to interactions.
Tilburg University; 2008. 123-147 p.

. Schall A, Romano Bergstrom J. Eye Tracking in User Experience Design. Eye
Track User Exp Des; 2014. pp. 1-374.

. Majaranta P Bulling A. Eye Tracking and Eye-Based Human-Computer
Interaction. In: Fairclough S., Gilleade K. (eds) Advances in Physiological
Computing. Human-Computer Interaction Series. London: Springer; 2014.

. Park S, Aksan E, Zhang X, Hilliges 0. Towards End-to-End Video-Based Eye-
Tracking. Lect Notes Comput Sci (including Subser Lect Notes Artif Intell Lect
Notes Bioinformatics). arXiv of Cornell University; 2020 [cited 2024 Nov 21].
Available from: https://arxiv.org/abs/2007.13120

. Goldberg JH, Wichansky AM. Chapter 23: Eye tracking in usability evaluation:
a practitioner’s guide. Elsevier Scienc; 2023. pp. 493-516.

. Bott N, Madero EN, Glenn J, Lange A, Anderson J, Newton D, et al. Device-
embedded cameras for eye tracking-based cognitive assessment: validation
with paper-pencil and computerized cognitive composites. J Med Internet
Res. 2018;20(7):e11143.

. Gémez-Poveda J, Gaudioso E. Evaluation of temporal stability of eye tracking
algorithms using webcams. Expert Syst Appl. 2016;64:69-83.

. Sewell W, Komogortsev 0. Real-time eye gaze tracking with an unmodified
commodity webcam employing a neural network. Conf Hum Factors Comput
Syst - Proc; 2010. pp. 3739-44.

. Petridis S, Giannakopoulos T, Spyropoulos CD. Unobtrusive Low Cost Pupil
Size Measurements using.\Web cameras. arXiv of Cornell University; 2013
[cited 2024 Nov 21]. Available from: https://arxiv.org/abs/1311.7327

20.

21.

22.

23.

24.

25.

26.

21.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

. Bénki A, de Eccher M, Falschlehner L, Hoehl S, Markova G. Comparing Online

\Webcam- and Laboratory-Based Eye-Tracking for the Assessment of Infants’
Audio-Visual Synchrony Perception. Front Psychol. 2022;12:733933.

Burton L, Albert W, Flynn M. A comparison of the performance of webcam
vs. infrared eye tracking technology. Proceedings of the Human Factors and
Ergonomics Society. 2014;58(1):1437-41.

Riddle M. “Do They Look Different?” An Exploratory Eye Tracking Study of
Whether the Scanpaths of Novice and Familiar Readers of Graphic Novels
Differ [Master’s Thesis]. North Carolina: University of North Carolina; 2016.
pp. 1-80.

Rigaud C, Le TN, Burie J, Ogier J, Ishimaru S, Iwata M, et al. Semi-automatic
Text and Graphics Extraction of Manga Using Eye Tracking Information. 12th
IAPR Workshop on Document Analysis Systems (DAS). Santorini, Greece;
2016. pp. 120-125.

Martin-Arnal LA, Leén JA, Van Den Broek P Olmos R. Understanding comics.
A comparison between children and adults through a coherence/incoherence
paradigm in an eye-tracking study. Psicol Educ (Madr). 2019;25(2):127-37.

Zhao F, Mahrt N. Influences of Comics Expertise and Comics Types in Comics
Reading. Int J Innov Res Educ Sci. 2018;5(2):218-24.

Yusof SM, Lazim ZM, Salehuddin K, Shahimin MM. Graphic Novels:
Understanding How Fifth Graders Read Literary Texts through Eye Movements
Analysis. Krit Kult. 2019;(33/34):388-427.

von Reumont F, Budke A. Strategies for successful learning with geographical
comics: an eye-tracking study with young learners. Educ Sci (Basel).
2020;10(10):1-27.

Beymer D, Orton PZ, Russell DM. An eye tracking study of how pictures
influence online reading. Lect Notes Comput Sci. 2007;4663(PART 2):456-60.

Failla Z. Retratos da Leitura no Brasil 3. Séo Paulo; 2011.

Struijk D. Investigating Feasibility of Webcam-Based Eye-Tracking as an
Alternative Input Modality for Micro-Task Work. Davey Struijk Supervisor
(s): Garrett Allen EEMCS, Delft University of Technology, The Netherlands
A Dissertation Submitted to EEMCS faculty De; 2022 [cited 2024 Nov 26].
Available from: https://cse3000-research-project.github.io/static/9b3934085
e19ef516b39a7bfba0d9b26/poster.pdf

Bertrand JK. The Utility of Webcam Eye-Tracking: Lessons Learned and
Practical Applications in Decision-Making and Digital Human-Computer
Interactions [Thesis]. Alberta: University of Alberta; 2023.

Robal T, Zhao Y, Lofi C, Hauff C. Webcam-bhased Attention Tracking in
Online Learning: A Feasibility Study. Assoc Comput Machnery. 2018;(IUl
"18: Proceedings of the 23rd International Conference on Intelligent User
Interfaces). ACM Classification [cited 2024 Nov 26]. Available from: https://
chauff.github.io/documents/publications/iui2018-robal.pdf

Online Eye Tracking. WWebcam eye-tracking software. GazeRecorder; 2024
[cited 2022 May 30]. Available from: https://gazerecorder.com/

Tobii Pro Glasses 2 wearable eye tracker. [cited 2022 May 30]. Available
from: https://www.tobiipro.com/product-listing/tobii-pro-glasses-2/

Informed Health Choices. Escolhas Informadas em Satde. [citado 2022 Jun
2]. Disponivel em: https://www.informedhealthchoices.org/ihc-by-country/
portuguese-brazil/

Nsangi A, Semakula D, Oxman AD, Austvoll-Dahigren A, Oxman M,
Rosenbaum S, et al. Effects of the Informed Health Choices primary school
intervention on the ability of children in Uganda to assess the reliability of
claims about treatment effects: a cluster-randomised controlled trial. Lancet.
2017;390(10092):374-88.

Balardin J, Antunes JN, Einstein HA, Paulo S. Informed Health Choices
primary school resources - Brazilian Portuguese translation process. Zenodo.
2022;(March):1-8.

Agarwal A, Jawahar CV, Narayanan PJ. A survey of planar homography
estimation techniques. Tech Rep. 2005;(3):1-25.

Vesna |. Understanding Bland Altman Analysis. Biochem Med (Zagreb).
2009;19(1):10-6.

einstein (Sao Paulo). 2025;23:1-14


https://www.tobiipro.com/product-listing/tobii-pro-glasses-2/
https://www.informedhealthchoices.org/ihc-by-country/portuguese-brazil/
https://www.informedhealthchoices.org/ihc-by-country/portuguese-brazil/

Nascimento JA, Bazan PR, Azevedo Neto RM, Silva ES, Soares DA, Balardin JB, Amaro Junior E

39

40.

42.

43.

44.

. N. Balakrishnan HKTN. Wilcoxon-Type Precedence Tests. 2004;2006:101-51.

Chen YC. A tutorial on kernel density estimation and recent advances. Biostat
Epidemiol. 2017;1(1):161-87.
. Sahay A, Biswas P Webcam based eye gaze tracking using a landmark

detector. In: ACM International Conference Proceeding Series. Association
for Computing Machinery; 2017. p. 31-7.

Meirelles FS. Uso da Tl-Tecnologia de Informacao nas Empresas Pesquisa Anual
do FGVcia; Sao Paulo: FGV; 2021 [citado 2024 Dez 20]. Disponivel em: https://
static.poder360.com.br/2021/05/pesquisa-FGV-dispasitivos-digitais.pdf

Hansen DW, Majaranta P. Basics of Camera-Based Gaze Tracking. In:
Gaze Interaction and Applications of Eye Tracking: Advances in Assistive
Technologies. Hershey, PA: 1GI; 2021.

Cheng S, Sun Z, Ma X, Forlizzi J, Hudson S, Dey A. Social eye tracking: Gaze
recall with online crowds. In: CSCW 2015 - Proceedings of the 2015 ACM

International Conference on Computer-Supported Cooperative Work and
Social Computing; 2015. p. 454-63.

einstein (Sao Paulo). 2025;23:1-14

10

45.

46.

47.

48.

49.

Agarwal A. JeevithaShree D, Saluja KS, Sahay A, Mounika P Sahu A,
et al. Comparing two webcam-based eye gaze trackers for users with
severe speech and motor impairment. In: Smart Innovation, Systems and
Technologies. Springer Science and Business Media Deutschland GmbH;
2019. p. 641-52.

Kadhim B, Khairat S, Li F, Gross IT, Nath B, Hauser RG, et al. Implementation of

Eye-Tracking Technology to Monitor Clinician Fatigue in Routine Clinical Care:
a Feasibility Study. ACI Open. 2023;07(01):e1-7.

Hutt S, Wong A, Papoutsaki A, Baker RS, Gold JI, Mills C. Webcam-based
eye tracking to detect mind wandering and comprehension errars. Behav Res
Methods. 2024;56(1):1-17.

Brysbaert M. How many words do we read per minute? A review and meta-
analysis of reading rate. J Mem Lang. 2019;109:104047.

Castanheira AJ. Avaliagdo da fluéncia da leitura oral em alunos do 5° ano de

escolaridade [dissertacdes]. Lisboa: Faculdade de Psicologia, Universidade
de Lisboa; 2011.



