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PAPER

Do Highlighted Keywords and Hyperlinks Improve 
Reading? Evidence from Eye-Tracking

ABSTRACT
This study investigates, via an eye-tracking experiment, the effect of visually distinguishing 
keywords and hyperlinks on the processes of reading and comprehending specialized text. 
The research sample comprised 42 undergraduate students divided into control and experi-
mental groups (EG). The control group (CG) worked with a text without hypertext highlight-
ing, while the EG read the same text with marked key terms and the option of hypertext 
navigation. Analyses of fixations, saccades, and regressions revealed that students made only 
minimal use of hyperlinks, and the differences between groups were not statistically signifi-
cant. In both groups, attention shifted toward images at the expense of the text, and the num-
ber of regressions was higher during the first reading but decreased upon rereading after 
two weeks. The findings suggest that visual highlighting of keywords alone, without more 
comprehensive structural adjustments to the text, does not fundamentally influence reading 
literacy or the efficiency of comprehension.
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eye-tracking, fixation, regression, educational text

1	 INTRODUCTION

Research in didactics suggests that learning operates at two fundamental levels: 
sensory perception and rational cognition. Experimental evaluations of didactic 
effectiveness, together with research in pedagogy and psychology, suggest that the 
efficiency of perception and retention is directly proportional to the number of sen-
sory channels activated during knowledge acquisition. By sensory properties, we 
generally refer to attributes that act upon one of the human senses (taste, smell, 
sight, touch). In the context of study materials, sight predominates.

However, the implementation of ICT in educational processes is often perceived 
as inefficient. From the earliest adoption of distance-learning methods, a recur-
ring question has been whether students learning through mediated interaction 
receive education of comparable quality to that of students in face-to-face formats. 
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Historically, the No Significant Difference Phenomenon—formulated based on 
at least 355 comparative studies conducted between 1928 and 1996—was widely 
accepted. The core claim is that no instructional delivery method demonstrates 
decisively different effectiveness compared to others under comparison; the weight 
of research indicates that technology can mediate instruction as effectively as 
traditional methods—at least when considering larger cohorts of students.

The purpose of this contribution is to draw attention not only to currently preva-
lent automatic approaches but also to evaluation of the readability and comprehen-
sibility of specialized texts and above all to possibilities for identifying and, where 
appropriate, eliminating problematic content areas. For our research, we employ 
the current widely established eye-tracking technology. Because eye-tracking is 
well-documented and broadly applied across fields (neuroscience, marketing, 
education), literature offers numerous approaches and methods.

2	 RELATED WORK

Instructional design in digital learning environments is commonly interpreted 
through the lens of cognitive load theory (CLT), which distinguishes between intrin-
sic, extraneous, and germane cognitive load. According to CLT, learning is optimized 
when instructional materials reduce unnecessary mental effort and free cognitive 
resources for schema construction. When design features do not directly support 
comprehension, they can increase extraneous load—the portion of working mem-
ory demands that does not contribute to meaningful learning—which diminishes 
the capacity available for processing core content [1], [2], [3]. Visual enhancements 
such as keyword highlighting and the inclusion of hyperlinks are often assumed to 
direct attention to important content and support navigation. However, CLT suggests 
that additional decision-making and navigational demands—for example, deciding 
whether to follow a link or integrating material across text segments—can increase 
extraneous load unless they are coherently integrated into the instructional struc-
ture. In the context of hypertext reading, the cognitive demands associated with link 
navigation and decision-making have been empirically linked to increased mental 
load and impaired comprehension relative to linear text [4], [5].

Despite the widespread use of hyperlinked and visually enhanced digital texts in 
educational settings, evidence for their learning benefits remains mixed. Studies sug-
gest that design features that add surface-level visual elements may attract attention 
without facilitating deeper processing of conceptual content, especially if they intro-
duce additional cognitive demands that compete with comprehension processes. 
Against this theoretical background, demonstrating an absence of improvement 
(a null effect) is not trivial: it provides theoretically meaningful evidence that super-
ficial visual modifications—absent instructional integration that reduces cognitive 
load—may fail to enhance learning or even impose unnecessary cognitive costs [6].

The use of eye-tracking technology is grounded in the hypothesis that visual atten-
tion often reflects the reader’s cognitive capacity to process textual content—i.e., read-
ing with comprehension [7]. Contemporary eye-tracking technologies take various 
forms: devices integrated into displays; specialized external units mounted above 
the screen [8]; or eyewear equipped with cameras [9], [10], [11]. Increasing interest 
also surrounds the potential of standard webcams [12] found in most laptops, smart 
devices, and some PC monitors.

Healthy human eyes execute several types of movements with differing inter-
pretations in psychology and neuroscience depending on context and combination. 
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The basic movements are fixations, saccades, and smooth pursuit. Fixations are 
intervals during which the reader’s gaze is stationary—focused on a point for at 
least 200–300 ms. Saccades are short, rapid jumps of several tens of milliseconds 
between fixations; awareness of them is typically suppressed, with visual perception 
attenuated during the jump. Smooth pursuit occurs involuntarily and only when 
the eyes track a moving stimulus. Durations of fixations, counts and amplitudes of 
saccades, and combinations thereof provide valuable information for psychologists 
and other researchers [13] because empirically described relationships link these 
parameters to cognitive processes.

A specific combination of fixations and saccades is a regression—a backward 
jump in the text to the beginning of a word, sentence, or paragraph. The signifi-
cance of the regressions remains an actively researched topic with contradictory 
interpretations (even within the same contexts) and mixed empirical results. Some 
studies [14], [15], [16] have identified positive correlations between certain regres-
sion types/metrics (e.g., counts for certain words, regression patterns); others [17], 
[18], [19] observed negative correlations, suggesting that readers with higher liter-
acy have less need to reread passages (although potentially at the cost of skipping 
some content); still others found no correlation [20].

Within the framework of cognitive load theory, eye-tracking provides a valu-
able methodological bridge between instructional design and learners’ cognitive 
processing. Visual attention patterns—such as fixation duration, number of fixa-
tions, saccadic transitions, and regressions—have been widely used as behavioral 
indicators of processing effort during reading. From a CLT perspective, increases 
in fixation time, frequent backward movements (regressions), or fragmented scan 
paths may reflect elevated extraneous cognitive load, as learners allocate additional 
resources to navigating or re-integrating information rather than constructing 
mental schemas. Consequently, eye-tracking enables an empirical examination of 
whether specific design features—such as keyword highlighting and hyperlinked 
navigation—facilitate learning by reducing unnecessary cognitive demands or, on 
the other hand, impose additional load that interferes with comprehension.

3	 METHODOLOGY

In our previous research [21], [22], [23], we examined reading literacy (study 
materials delivered via LMS Moodle) when studying electronic materials versus clas-
sic paper form. We found no statistically significant differences between experimen-
tal and control groups (CGs)—neither in reading literacy (accurate comprehension 
of study-text content) nor in overall learning outcomes. Outcomes in both groups 
were obtained via a series of post-tests at semester end (compared with a pre-test 
at the beginning), with comparable performance in both cohorts. Consequently, 
subsequent experiments focused exclusively on electronically delivered materials.

All electronic materials were prepared according to contemporary study meth-
odologies and indices (Flesch–Kincaid and Coh-Metrix). The Flesch–Kincaid index 
estimates text difficulty—i.e., how hard it is to comprehend specialized texts—and 
appropriateness for a given grade level. Texts were standardized in length and 
optimized with emphasis on the following feature set:

•	 Average sentence length
•	 Average syllables per word
•	 Proportion of long words
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•	 Number of sentences in the text
•	 Average tokens per sentence (words, punctuation, and numbers within a sentence)
•	 Average characters per token
•	 Mistrík Index (Mistrík’s lemmatization formula)
•	 Average word length
•	 Lexical density
•	 Lexical variability
•	 Index of morphological complexity
•	 Distribution of dependency tags
•	 Flesch Reading Ease
•	 Flesch–Kincaid Grade Level
•	 Automated Readability Index

Thus, the texts were carefully prepared to be manageable for students—a point 
confirmed in prior experiments. Nonetheless, in processing the results, we asked how, 
despite comparable literacy, students actually approached the materials. The exper-
imental and CGs had essentially the same materials; the key difference was that the 
experimental group’s texts contained images and visually highlighted hyperlinked 
keywords (defined using ChatGPT). Readers could clarify terms via a glossary or by 
navigating to a designated web page through the hyperlink. The Moodle Glossary 
module is a standard, and all interactions with it are logged as LMS activity records. 
This allowed us to count click-throughs from the educational text to hypertext and 
back—useful for examining possible correlations among highlighted keywords, 
fixations/saccades, and subsequent regressions and for assessing time efficiency in 
reading. The CG received the same texts with bolded keywords but without the con-
ventional colored hyperlink highlighting that signals navigability. Based on prior 
results, we knew reading literacy did not markedly improve. We therefore posed the 
following questions for the present analysis:

1.	 Is there a difference in the minimum, maximum, and average number of fixations 
when reading the text versus images?

2.	 Do students, when encountering a highlighted keyword, actually use the 
hyperlink?

Experiments employed the Pupil Core eye-tracking device (see Figure 1), enabling 
precise measurement of ocular activity while reading [24], [25]. Pupil Core features 
two 120 Hz IR eye cameras (192 × 192 px) and one world camera (1920 × 1080 at 
30 Hz or 1280 × 720 at 60 Hz). Recording was done using the open-source Pupil 
Capture application; post-hoc visualization and analysis used Pupil Player.

Fig. 1. Pupil core device, front and side views

Data generated by Pupil Capture are subsequently analyzed and visualized in 
Pupil Player (see Figure 2), providing precise information such as pupil-size changes, 
detected blinks, counts of fixations and saccades, and regressions.
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Fig. 2. Output from the eye-movement camera

4	 DATA ACQUISITION PROCEDURE

A total of 80 first-year full-time students of applied informatics (bachelor level) 
were engaged for the experiment [21]. Students were randomly divide into two 
equally sized groups: an experimental group (EG) that accessed an e-course vari-
ant with visually distinguished key terms and a CG with the same subchapters and 
bolded keywords but no hypertext click-throughs. As reported earlier [21], 68 of 
80 students participated across both measurements (12 did not, despite invitations). 
Of those, only 42 completed all measurements (consistently attending all sessions). 
To preserve group homogeneity, they were split evenly, 21 students per group. 
Although the final sample size (n = 42) is typical for eye-tracking experiments, it pro-
vides sufficient statistical power only for detecting medium-to-large effects (approxi-
mately Cohen’s d ≥ 0.65). The value of Cohen’s d ≈ 0.65 follows from a power analysis 
for the given sample size (n = 42, 21 + 21), assuming α = 0.05 and a desired statistical 
power of 1 − β = 0.80 for a two-sample t-test. Given the sample size of 21 partici-
pants per group, statistical power was sufficient only for detecting medium-to-large 
effects. For a two-group comparison at α = 0.05 and power (1 − β) = 0.80, the mini-
mum detectable effect size is approximately Cohen’s d = 0.65. Therefore, the absence 
of significant differences suggests that any potential effects of visual highlighting 
are likely smaller than this threshold. However, small effects of visual highlighting 
cannot be ruled out and should be examined in future studies with larger samples.

Students read two topics from an existing Slovak-language course. Each topic 
was reformatted to fit one screen without scrolling. The text area was marked 
using AprilTags [26], [27] so that Pupil Capture could define Areas of Interest (AOIs). 
A unique combination of three or more tags sufficed to mark an AOI; too few tags 
risked recognition failure, requiring manual AOI definition in Pupil Player (see 
Figure 3). The AprilTags used for defining AOI were applied exclusively for post-hoc 
processing in Pupil Player and were not visible to participants during the reading 
task; therefore, they could not have influenced gaze behavior.
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The text was displayed on an LCD monitor, and for recording, we connected 
the Pupil Core eye-tracking device to relatively powerful PCs (Intel Core i7 and 8GB 
RAM) located in the test room (a standard classroom for teaching technical subjects). 
The individual phases of the experiment were carried out under the supervision of 
an experienced teacher.

Fig. 3. Example of reading a chapter about the electric current topic (own creation)

Upon loading a recording, Pupil Player detects fixations and saccades, visualizes 
transitions, and exports all required data to CSV (e.g., durations and positions of 
fixations/saccades, fixation counts, and pupil movement in millimeters). This yields 
precise information for analysis. As we have shown (see Figure 3), the material elic-
ited numerous fixations and saccades; fixations are also color-coded, with red denot-
ing the highest density. Lines between fixations represent saccades—gaze shifts to 
new locations. Although the heatmap may appear chaotic, the CSV pinpoints not only 
counts but also timing, enabling a holistic view of how the participant processed 
the material.

Fig. 4. Example of the study material the students read
Source: Authors’ own.

As seen (see Figure 4), the text contains a hyperlink; the area around the link was 
expected to exhibit a high number of fixations.
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5	 MEASUREMENT RESULTS FROM THE FIRST READING OF THE TEXT

Our experiment entailed reading texts with identical content. Reading for the CG 
comprised a text without color-highlighted keywords accompanied by a relevant 
image. Reading for the EG used the same text and image; however, the keywords 
were provided as hypertext links.

Table 1 presents (refer to Table 1) the eye-movement results from the first read-
ing of the text (T1). Neither the reading time nor the time spent on the image dif-
fers significantly. However, differences can be observed in the time spent on empty 
areas of the screen. This time is the lowest; thus, we may infer that both the text and 
the images engaged the readers. Whether this is in fact the case can be demonstrated 
by the number of fixations and regressions (refer to Tables 1 and 2).

Table 1. First reading of the text T1 – time spent on AOI

Minimum Maximum

Total Time [s]
CG 13.713 124.363

EG 13.291 141.791

Reading Time [s]
CG 4.999 53.612

EG 5.902 65.277

Time on the Image [s]
CG 8.714 59.605

EG 7.389 51.515

Time Out [s]
CG 0 11.146

EG 0 24.999

In Table 2, we can observe the average duration of fixations across all AOIs (refer 
to Table 2). As in Table 1, all values display a wide dispersion between maxima and 
minima (refer to Table 1).

Table 2. First reading of the Text T1 – average fixation durations

Minimum Maximum

Average Fixation Length [s]
CG 83.959 788.759

EG 56.953 802.993

Average Fixation Length on Text [s]
CG 76.495 965.231

EG 53.458 685.679

Average Fixation Length on the Image [s]
CG 97.102 897.745

EG 61.716 610.300

Average Length of Fixation on an Empty Space [s]
CG 78.280 503.300

EG 55.686 1113.000

The outlying value for the average duration of fixations on empty space is 
particularly noteworthy. Comparing the results in Tables 1 and 2, we find that despite 
the low time spent outside the text and image (empty areas of the screen), this area 
exhibits an almost identical average number of fixations (in both the control and 
experimental groups) as the average number of fixations on the text. By contrast, 
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the average number of fixations on the image is slightly higher. At the same time, 
we can state that such an outlying value for the average number of fixations outside 
the text and image remains largely realistic, since fixations exceeding one second 
are not entirely uncommon (see Figure 5).

Fig. 5. Average fixation duration on empty space – first reading of the text

With regard to the counts of events in this text (refer to Table 3), we can observe 
an increase in the average number of fixations, particularly in connection with 
the image (refer to Table 2). This indicates that students devoted more attention to 
the image than to the text itself, even though the text contained highlighted keywords 
with hypertext functionality.

Table 3. First reading of the text T1 – counts of events

  Median Mean Std. Deviation Shapiro-Wilk P-Value of Shapiro-Wilk Minimum Maximum

Count of Fixation
CG 139.000 184.308 143.501 0.807 0.008 62.000 502.000

EG 164.000 225.333 148.186 0.826 0.008 87.000 537.000

Text
CG 46.000 69.692 74.638 0.734 0.001 12.000 254.000

EG 85.000 106.267 84.610 0.831 0.010 19.000 349.000

Image
CG 72.000 99.308 69.086 0.836 0.019 31.000 214.000

EG 81.000 101.867 72.545 0.862 0.026 22.000 257.000

Empty Space
CG 10.000 14.538 12.353 0.868 0.050 0.000 34.000

EG 10.000 17.667 34.690 0.483 < .001 0.000 140.000

Regressions
CG 18.000 21.923 19.423 0.729 0.001 1.000 80.000

EG 18.000 44.800 65.434 0.642 < .001 3.000 253.000

Transitions
CG 0.000 4 7.981 0.607 < .001 0.000 24.000

EG 1.000 7 12.671 0.662 < .001 0.000 46.000

To explicitly visualize the null result (see Figure 6), we plotted mean differences 
(EG − CG) with 95% confidence intervals based on the reported group means, standard 
deviations, and sample sizes (n = 21 per group). We additionally displayed standardized 
effect sizes (Hedges g) with approximate CIs and a ± 0.2 equivalence band (small effect‑ 
ROPE). This estimation plot highlights that all effects are near zero and their CIs cross 
zero, consistent with the absence of statistically and practically meaningful differences.
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Fig. 6. Difference/estimation plot for the first reading (T1) comparing the experimental (EG)  
vs. the control group (CG) across eye-tracking metrics

It is interesting that neither the experimental nor the CG made substantial use of 
the hypertext link option, i.e., transitions (see Figure 7). The number of transitions 
is very low in both groups: an average of seven clicks in the EG and only four clicks 
in the CG. We can conclude that, despite having the option of hypertext at the high-
lighted keyword, students used this form of navigation only to a limited extent.

Fig. 7. Summary graphical representation of relationships between CG and EG – first reading of the text

We can also observe (see Figure 7) a fairly large increase in the mean maximum 
number of regressions between EG and CG, as well as an increase in fixations on 
empty space in EG.

This means that both groups made only minimal use of the hypertext option. 
However, according to the number of regressions, students returned several times to 
the same place and refixated on it. The largest number of regressions (a total of 253) 
was recorded in the experimental group (see Figure 7).
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6	 MEASUREMENT RESULTS FROM THE RE-READING OF THE TEXT

As in the first reading of the text (T1), there are no very large differences upon 
re-reading after two weeks (hereafter denoted T2) that could be unequivocally 
attributed to changes in the highlighting of important technical terms. As docu-
mented by other work in this research area [28], [16], [29], [30], repeated reading 
alone can strongly influence reader behavior, even when readings are separated by 
several days or weeks. In Table 4, however, we see that the difference between the 
time needed for reading (minimum and maximum) in both groups (CG and EG) is 
not very pronounced (refer to Table 4).

Table 4. Re-reading of the Text T2 – time spent on AOI

Minimum Maximum

Total Time [s]
CG 6.967 124.064

EG 14.269 132.13

Reading Time [s]
CG 2.174 48.885

EG 2.653 53.603

Time on the Image [s]
CG 4.793 66.138

EG 11.616 63.726

Time Out [s]
CG 0 9.041

EG 0 14.801

At the same time, in the CG we observe a slight decrease in the time spent viewing 
the image, which is not caused by an increase in the time spent looking at empty 
space, as we do not record any increase there that would be sufficiently pronounced 
to explain the difference (the difference between minimum and maximum in the 
“Time out” parameter).

Fixations exceeding 2000 ms were excluded from analysis, as such values 
are indicative of tracking loss or calibration artifacts rather than genuine visual 
processing. In addition, gaze samples falling outside all defined AOI were removed. 
These criteria were applied uniformly across participants and conditions.

After excluding these extremes, the values remaining in Table 5 are in line with 
our expectations.

Table 5. Re-reading of the text T2 – average fixation durations

Minimum Maximum

Average Fixation Length [s]
CG 60.722 486.531

EG 55.388 677.097

Average Fixation Length on Text [s]
CG 74.207 451.931

EG 62.031 859.000

Average Fixation Length on the Image [s]
CG 72.959 799.892

EG 53.732 690.625

Average Length of Fixation on an Empty Space [s]
CG 35.000 207.769

EG 50.400 481.667
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Compared to T1, we recorded in both groups a shortening of the maximum 
value of the average overall fixation duration and of the maximum value of the 
average duration of fixations outside the text and image (empty areas of the screen).

Fig. 8. Average Fixation Duration on Empty Space – Second Reading of the Text

Based on the results in Table 5, we may therefore presume that the students 
focused more on the text and the image (refer to Table 5 and see Figure 8).

Table 6. Re-reading of the Text T2 – Counts of Events

Median Mean Std. Deviation Shapiro-Wilk P-Value of Shapiro-Wilk Minimum Maximum

Count of Fixation
CG 166.500 169.000 75.500 55.000 109.000 82.000 3.000

EG 223.143 210.933 97.929 99.200 112.429 96.133 12.500

Text
CG 139.425 131.948 75.318 90.812 70.347 65.643 19.876

EG 0.875 0.927 0.862 0.858 0.923 0.887 0.684

Image
CG 0.049 0.242 0.033 0.023 0.243 0.061 < .001

EG 46.000 51.000 20.000 3.000 17.000 26.000 0.000

Empty Space
CG 488.000 490.000 268.000 298.000 293.000 242.000 64.000

EG 166.500 169.000 75.500 55.000 109.000 82.000 3.000

Regressions
CG 223.143 210.933 97.929 99.200 112.429 96.133 12.500

EG 139.425 131.948 75.318 90.812 70.347 65.643 19.876

Transitions
CG 0.875 0.927 0.862 0.858 0.923 0.887 0.684

EG 0.049 0.242 0.033 0.023 0.243 0.061 < .001

To explicitly visualize the null result (see Figure 9), we plotted a difference/ 
estimation plot for the re‑reading (T2) comparing the experimental (EG) vs. the CG 
across eye‑tracking metrics. The left panel shows mean differences (EG − CG) with 
95% confidence intervals and a vertical zero line; point estimates close to zero with 
intervals crossing zero indicate negligible differences. The right panel shows stan-
dardized mean differences (Hedges’ g) with 95% confidence intervals; the shaded 
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band denotes an equivalence zone (±0.2, small effect), emphasizing practical 
non‑difference.

Fig. 9. Difference/estimation plot for the re-reading (T2) comparing the  
EG vs. the CG across eye-tracking metrics

Additionally, the results show (refer to Table 6 and see Figure 10) an anomaly 
whereby the control group, unlike the experimental group, used transitions more 
extensively despite the lack of color highlighting (see the maximum or mean). The 
number of regressions, however, is almost identical in both groups in terms of the 
mean as well as the minimum and maximum. This means that although the control 
group used the hypertext option (even though it was not color-highlighted and thus 
may not have attracted attention), its behavior in terms of regressions was entirely 
comparable to that of the experimental group.

Fig. 10. Summary graphical representation of relationships between CG and EG – re-reading of the text
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7	 OVERALL EVALUATION OF THE RESULTS

With respect to our research questions, we did not succeed in demonstrating 
an effect of visually distinguishing important terms in the lessons. We can state 
that students made only minimal use of the hypertext option when a keyword was 
highlighted. Differences between students assigned to the control and experimen-
tal groups were neither consistent nor statistically significant. In the first reading, 
students returned several times to the same place and re-fixated on it (maximum 
number of regressions: 253). Upon re-reading the same text after an interval of two 
weeks, the number of fixations decreased, and the number of regressions in both 
groups became balanced. This indicates that the text was already more comprehen-
sible to the students and therefore did not require as much focused attention as at 
the beginning (during the first reading).

The inclusion of estimation plots (see Figures 6 and 9) strengthens the inter-
pretation of our null findings. While traditional tables and box plots summarize 
group means, they do not clearly convey the practical significance of differences. 
Estimation plots explicitly visualize the uncertainty around mean differences and 
standardized effect sizes, highlighting that all confidence intervals cross zero and 
most estimates fall within an equivalence zone (±0.2). This representation aligns 
with current recommendations for transparent reporting of null results, emphasiz-
ing that the absence of statistically significant differences is not a methodological 
failure but an informative outcome. By showing both raw and standardized differ-
ences, these plots help readers assess whether any observed variation is likely to be 
educationally meaningful. In our case, the visualization confirms that highlighting 
keywords and adding hyperlinks produced negligible effects on reading behavior 
and comprehension, reinforcing the conclusion that superficial design changes are 
insufficient without deeper structural integration.

Topics similar to those we focused on in our research conducted over the last 
four years [31], [23], [22] are, in several respects, developed and complemented 
by the results of other scholars publishing in this area [32], [33], [34]. Despite 
unexpected complications caused by the SARS-CoV-2 pandemic and subsequent 
counter-pandemic measures, we were able to adjust our methodology and continue 
our work. These modifications, however, are associated with measurement impreci-
sion and constraints on the metrics we were able to record.

A range of studies [35], [36], [37], [38] have addressed the effect of images on 
text comprehension. They found that unrelated images (advertising banners) can 
not only distract readers, but also induce more regressions in the text, slow over-
all reading by shortening saccades, and prolong individual fixations. They did not, 
however, find a significant difference in information retention across experimental 
and control groups. Our work examined the visual distinction of keywords. Unlike 
those authors, we did not find any significant effect of such a modification of text 
appearance on student behavior.

Ariasi et al. [39] provided evidence more than a decade ago [40] that text struc-
ture influences the distribution of students’ attention [41]. In our study, we com-
pared the results of the experimental and control groups when reading a text that 
had the same structure for both groups but differed visually by hypertext links and 
highlighted keywords. Whereas Hunsu et al. [41] and Asberger et al. [42] suggest that 
changing the sub-structure can have a positive benefit, our results make it clear that 
such changes must encompass the overall structure. Highlighting only keywords 
and marking them as hypertext links does not yield the desired effect.
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Sample sizes reported in eye-tracking experiments are particularly noteworthy 
for comparison. For example, Reimlinger et al. [43] worked with only 17 subjects 
in their study (experts 7, novices 10), as they were constrained by the time and 
resources required by specialized hardware. Although at the outset of our experi-
ment we intended to include a total of 80 students, the research sample was reduced 
to roughly half—42 (21 in each group). Similar to Zhu et al. [44], who worked with 
only 24 participants (12 in the control group + 12 in the expert group), we too—
despite a relatively small sample (which can sometimes be limiting)—were able to 
identify a difference in the subjects’ ability to locate the required information in a 
schematic representation. This demonstrates the power of the technology even with 
smaller sample sizes.

Numerous studies—Ehrhart et al. [45], Arts et al. [46], Schewior et al. [47], among 
others, and also Lindner et al. [48], [49]—investigated the influence of images, text, 
and highlighted parts of text. They sought to demonstrate that learning from study 
materials combining text and illustrations has a positive effect on memorization and 
thus subsequently reduces the total time needed to re-study the same text. Based on 
our results, we can state that if texts are methodologically sound and an appropriate 
level of reading literacy is ensured, the time required for re-studying the same text 
can indeed decrease.

In further research, following Ponce et al. [50], González-Diez [51], and Leng 
et al. [52], we intend to focus on verifying whether there is a correlation between 
regressions and long-term knowledge retention. That is, to determine unequivo-
cally how the number of regressions in educational texts affects students’ overall 
outcomes, for example, at the end of a semester.

The results of our study showed that highlighting keywords as hypertext 
links had no significant impact on students’ reading behavior or comprehension. 
Hyperlinks were rarely used, and attention was directed primarily toward images 
rather than the text itself. At first glance, these null findings might seem unremark-
able; however, when interpreted through the lens of established theories and the 
characteristics of today’s learners, they yield important insights.

From the perspective of cognitive load theory (Sweller [53]), students’ limited use 
of hyperlinks suggests that additional navigation options may introduce extraneous 
load without delivering meaningful benefit. If learners already struggle to manage 
essential information, clickable keywords may function more as a distraction than 
a learning aid. In this sense, our results align with findings that unnecessary design 
features can impair learning by overloading working memory.

According to Mayer’s multimedia learning principles [54], students learn most 
effectively when text and visuals are integrated in a coherent and complementary 
manner. In our study, images clearly attracted more attention than text. This reflects 
Mayer’s modality principle (dual-channel processing) but also highlights a possi-
ble misalignment: when images dominate but are not fully integrated with textual 
explanation, learners may form superficial impressions of understanding rather 
than deep comprehension.

This interpretation is consistent with recent research on digital reading behavior 
[55], [56], which shows that readers of online materials tend to scan visually salient 
elements at the expense of sustained engagement with linear text. Our results, there-
fore, resonate with the broader debate about whether digital learning environments 
encourage shallow rather than deep reading.

The generational context is also important. The current cohort of undergraduates 
experienced secondary education during the COVID-19 pandemic, a period marked 
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by heavy reliance on online platforms. This generation is accustomed to having vir-
tually unlimited access to ICT tools, information, and media [57]. Yet, paradoxically, 
they often struggle to process information critically and sustain attention. Studies 
on digital learning fatigue show that attention declines sharply after approximately 
30 minutes of continuous input [58]. In our findings, students’ prioritization of 
images over text mirrors this broader tendency: quick visual cues are perceived 
as sufficient for comprehension, even when the underlying textual information 
contains the actual conceptual detail.

By contrast, earlier generations of students using printed study materials typi-
cally relied on active strategies such as highlighting or annotating text [59], [60], [61]. 
In such contexts, visual emphasis was strongly associated with importance: what 
was marked in the text was consciously remembered. Our results indicate that cur-
rent students no longer follow these conventions. For them, visual salience does not 
automatically signal relevance; rather, it competes with other stimuli (e.g., images, 
videos, animations) in a crowded digital environment.

Based on these findings, we argue that instructional design should not assume 
that visual highlighting alone will direct student attention effectively. Instead, more 
comprehensive structural approaches are required, such as text design [62], explicit 
text–picture integration training [52], or coherence-based multimedia design [63].

8	 CONCLUSION

Based on the conducted experiment, we can state that visually highlighting key-
words and linking them to hypertext did not have a significant effect on readers’ 
behavior or on their level of text comprehension. Participants in both groups used 
hypertext only minimally, and the differences between the CG and EGs were nei-
ther consistent nor statistically significant. Students’ attention was more focused on 
images than on the text, with a higher number of regressions during the first reading 
that then declined on re-reading. This suggests that comprehension of the content 
improved over time, albeit independently of visual highlighting. The results support 
the claim that text quality and its methodological preparation play a more signif-
icant role than the mere form of visual highlighting. For future research, we rec-
ommend verifying the correlation between regressions and long-term knowledge 
retention, as well as examining the effectiveness of more comprehensive structural 
modifications of the text.

This study demonstrated that visual highlighting of keywords, implemented 
as hypertext links, did not significantly affect reading patterns or comprehension 
among undergraduate students. Both experimental and control groups used hyper-
text minimally, and attention was consistently drawn more to images than to text. 
These findings contribute to the ongoing debate about the effectiveness of multime-
dia design in education by showing that superficial visual modifications, without 
deeper structural adjustments, are unlikely to enhance learning.

The null results should not be interpreted as a failure but rather as evidence 
that instructional design must go beyond “cosmetic” interventions. In the context 
of post-COVID student cohorts, who are heavily exposed to digital media yet often 
experience shortened attention spans and surface-level engagement, designers of 
educational materials face particular challenges. Visual salience alone does not guar-
antee learning; students may perceive that they have “understood” a concept simply 
by viewing an image or animation, even while neglecting the explanatory text.
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For practice, our findings suggest three implications:

1.	 Prioritized coherence over decoration: Visual elements must be meaningfully 
integrated with text to reduce extraneous cognitive load and support deep 
comprehension.

2.	 Support active processing: Encourage learners to engage in annotation, sum-
marization, or guided highlighting, restoring some of the effective strategies of 
earlier generations in a digital form.

3.	 Adapt to generational attention patterns: Instructional materials should be 
structured into shorter, interactive segments to reflect current students’ limited 
sustained attention while still promoting critical engagement with text.

Our results confirm that the pedagogical challenge of the digital age lies not in 
providing ever more visual stimuli, but in designing learning environments that 
align with cognitive principles and foster deliberate, reflective reading. Highlighting 
and hyperlinks alone cannot replace coherent instructional design.

9	 STATEMENTS AND DECLARATIONS

The authors declare no conflicts of interest. This study was approved by the 
Ethics Committee, number UKF/556/2024/191013:002. The authors confirm that all 
subjects provided appropriate informed consent and that details of how this consent 
was obtained are specified in the manuscript.

9.1	 Funding

This work is the result of research funded by the Institutional Support for the 
Long‑term Conceptual Development of a Research Organization, provided by the 
Ministry of Education, Youth, and Sports of the Czech Republic, and was also sup-
ported by the Education Grant Agency of the Ministry of Education of the Slovak 
Republic (ME SR) and of the Slovak Academy of Sciences (SAS) under the contract 
No. KEGA 002UKF-4/2025—Using 3D printing and microcontrollers to support inno-
vative learning materials in applied computer science. The views expressed herein 
are those of the authors.

9.2	 Conflict of interests

Each named author has substantially contributed to conducting the underlying 
research and drafting this manuscript. Additionally, to the best of our knowledge, 
the named authors have no conflict of interest, financial or otherwise.

9.3	 Declaration of Generative AI and AI-assisted technologies 	
in the writing process

During the preparation of this work, the author(s) did not use generative AI and 
AI-assisted technologies except basic tools for checking grammar and spelling.

https://online-journals.org/index.php/i-jep


iJEP | Vol. 16 No. 2 (2026)	 International Journal of Engineering Pedagogy (iJEP)	 85

Do Highlighted Keywords and Hyperlinks Improve Reading? Evidence from Eye-Tracking

10	 REFERENCES

	 [1]	 R. Hartson and P. S. Pyla, “UX design guidelines,” in The UX Book, 2012, pp. 689–801.  
https://doi.org/10.1016/B978-0-12-385241-0.00022-1

	 [2]	 D. D. Reese, D. T. V. Pawluk, and C. R. Taylor, “Engaging learners through rational 
design of multisensory effects,” in Emotions, Technology, and Design, Sharon Y. 
Tettegah and Safiya Umoja Noble, Eds., 2016, pp. 103–127. https://doi.org/10.1016/
B978-0-12-801872-9.00006-5

	 [3]	 N. Marcus and A. Vassar, “UX design guided by cognitive load theory,” in Futureshock, 
Boca Raton: CRC Press, 2025, pp. 99–117. https://doi.org/10.1201/9781032702797-6

	 [4]	 D. Mutlu-Bayraktar, V. Cosgun, and T. Altan, “Cognitive load in multimedia learning 
environments: A systematic review,” Computers & Education, vol. 141, p. 103618, 2019. 
https://doi.org/10.1016/j.compedu.2019.103618

	 [5]	 T. Schurer, B. Opitz, and T. Schubert, “Mind wandering during hypertext reading: 
The impact of hyperlink structure on reading comprehension and attention,” Acta 
Psychologica, vol. 233, p. 103836, 2023. https://doi.org/10.1016/j.actpsy.2023.103836

	 [6]	 T. Ledneva and A. Kovalev, “Cognitive load measurement during navigation and 
information retrieval in digital text,” Procedia Computer Science, vol. 192, pp. 2720–2730, 
2021. https://doi.org/10.1016/j.procs.2021.09.042

	 [7]	 M. A. Just and P. A. Carpenter, “New methods in reading comprehension research,” 
in New Methods in Reading Comprehension Research, D. E. Kieras and M. A. Just, Eds., 
Routledge, 2018, pp. 151–182.

	 [8]	 C. Bruder and C. Hasse, “What the eyes reveal: Investigating the detection of auto-
mation failures,” Applied Ergonomics, vol. 82, p. 102967, 2020. https://doi.org/10.1016/ 
j.apergo.2019.102967

	 [9]	 D. C. Niehorster, R. S. Hessels, and J. S. Benjamins, “GlassesViewer: Open-source soft-
ware for viewing and analyzing data from the Tobii Pro Glasses 2 eye tracker,” 
Behavior Research Methods, vol. 52, no. 3, pp. 1244–1253, 2020. https://doi.org/10.3758/
s13428-019-01314-1

	[10]	 F. Vona, J. Schorlemmer, P. Kaulard, S. Fischer, J. Stemann, and J.-N. Voigt-Antons, 
“Comparing user behavior in real vs. Virtual supermarket shelves: An eye-tracking 
study using Tobii 3 Pro and Meta Quest Pro,” in HCI International 2025 Posters. HCII 
2025. Communications in Computer and Information Science, C. Stephanidis, M. Antona, 
S. Ntoa, and G. Salvendy, Eds., vol. 2528. Springer, 2025, pp. 395–405. https://doi.
org/10.1007/978-3-031-94168-9_39

	[11]	 J. Charton, T. Zhang, N. Li, and Q. Li, “Enhancing gaze estimation accuracy in wearable 
eye-tracking devices using neural networks,” Neural Computing and Applications, vol. 37, 
no. 21, pp. 16703–16714, 2025. https://doi.org/10.1007/s00521-025-11334-y

	[12]	 N. Ligostaev, N. Conci, R. Passerone, and A. Somov, “Real-time appearance-based 
gaze estimation via web-camera,” in 2025 IEEE International Instrumentation and 
Measurement Technology Conference (I2MTC), 2025, pp. 1–6. https://doi.org/10.1109/
I2MTC62753.2025.11079227

	[13]	 K. Holmqvist, S. L. Orbom, M. Miller, A. Kashchenevsky, M. M. Shovman, and 
M. W. Greenlee, “Validation of a prototype hybrid eye-tracker against the DPI and the 
Tobii Spectrum,” in ACM Symposium on Eye Tracking Research and Applications, 2020, 
pp. 1–9. https://doi.org/10.1145/3379155.3391330

	[14]	 A. E. Barnes and Y.-S. Kim, “Low-skilled adult readers look like typically developing 
child readers: A comparison of reading skills and eye movement behavior,” Reading and 
Writing, vol. 29, no. 9, pp. 1889–1914, 2016. https://doi.org/10.1007/s11145-016-9657-5

https://online-journals.org/index.php/i-jep
https://doi.org/10.1016/B978-0-12-385241-0.00022-1
https://doi.org/10.1016/B978-0-12-801872-9.00006-5
https://doi.org/10.1016/B978-0-12-801872-9.00006-5
https://doi.org/10.1201/9781032702797-6
https://doi.org/10.1016/j.compedu.2019.103618
https://doi.org/10.1016/j.actpsy.2023.103836
https://doi.org/10.1016/j.procs.2021.09.042
https://doi.org/10.1016/j.apergo.2019.102967
https://doi.org/10.1016/j.apergo.2019.102967
https://doi.org/10.3758/s13428-019-01314-1
https://doi.org/10.3758/s13428-019-01314-1
https://doi.org/10.1007/978-3-031-94168-9_39
https://doi.org/10.1007/978-3-031-94168-9_39
https://doi.org/10.1007/s00521-025-11334-y
https://doi.org/10.1109/I2MTC62753.2025.11079227
https://doi.org/10.1109/I2MTC62753.2025.11079227
https://doi.org/10.1145/3379155.3391330
https://doi.org/10.1007/s11145-016-9657-5


	 86	 International Journal of Engineering Pedagogy (iJEP)	 iJEP | Vol. 16 No. 2 (2026)

Magdin et al.

	[15]	 E. Özer and S. Özdemir, “The relation between reading performance and eye move-
ment parameters of high-skilled and low-skilled readers,” Education and Science,  
vol. 46, no. 208, pp. 395–412, 2021. https://doi.org/10.15390/EB.2021.9777

	[16]	 D. C. Mézière, L. Yu, E. D. Reichle, T. von der Malsburg, and G. McArthur, “Using 
eye‐tracking measures to predict reading comprehension,” Reading Research Quarterly, 
vol. 58, no. 3, pp. 425–449, 2023. https://doi.org/10.1002/rrq.498

	[17]	 R. W. Booth and U. W. Weger, “The function of regressions in reading: Backward eye 
movements allow rereading,” Memory & Cognition, vol. 41, no. 1, pp. 82–97, 2013.  
https://doi.org/10.3758/s13421-012-0244-y

	[18]	 A. W. Inhoff, A. Kim, and R. Radach, “Regressions during reading,” Vision, vol. 3, no. 3, 
p. 35, 2019. https://doi.org/10.3390/vision3030035

	[19]	 E. G. Wilcox, T. Pimentel, C. Meister, and R. Cotterell, “An information-theoretic analysis 
of targeted regressions during reading,” Cognition, vol. 249, p. 105765, 2024. https://doi.
org/10.1016/j.cognition.2024.105765

	[20]	 A. Abundis-Gutiérrez et al., “Reading comprehension and eye-tracking in college 
students: Comparison between low- and middle-skilled readers,” Psychology, vol. 9, 
no. 15, pp. 2972–2983, 2018. https://doi.org/10.4236/psych.2018.915172

	[21]	 M. Turčáni, Z. Balogh, and M. Kohútek, “Evaluating computer science students reading 
comprehension of educational multimedia-enhanced text using scalable eye-tracking 
methodology,” Smart Learning Environments, vol. 11, no. 1, p. 29, 2024. https://doi.
org/10.1186/s40561-024-00318-5

	[22]	 Š. Koprda, M. Magdin, D. Tuček, M. Munk, and T. Příban, “Teaching and time efficiency 
of using eLearning for arduino microcontroller course: A case study,” International 
Journal of Engineering Education, vol. 41, no. 2, pp. 308–324, 2025. [Online]. Available:  
https://www.scopus.com/inward/record.uri?eid=2-s2.0-105000978445&partnerID= 
40&md5=1658b4592bba18f53bcb45941d54dd45

	[23]	 M. Magdin, Š. Koprda, and M. Munk, “Evaluation of attendance at the glossary activity in 
a technically oriented E-learning course,” International Journal of Engineering Pedagogy 
(iJEP), vol. 14, no. 8, pp. 24–39, 2024. https://doi.org/10.3991/ijep.v14i8.51111

	[24]	 C. R. Picanço and F. Tonneau, “A low‐cost platform for eye‐tracking research: Using 
Pupil© in behavior analysis,” Journal of the Experimental Analysis of Behavior, vol. 110, 
no. 2, pp. 157–170, 2018. https://doi.org/10.1002/jeab.448

	[25]	 R. Büter, R. D. Soberanis-Mukul, P. Ruiz Puentes, A. Ghazi, J. Y. Wu, and M. Unberath, 
“Eye tracking for tele-robotic surgery: A comparative evaluation of head-worn solu-
tions,” in Medical Imaging 2024: Image-Guided Procedures, Robotic Interventions, and 
Modeling, 2024, p. 69. https://doi.org/10.1117/12.3006476

	[26]	 E. Olson, “AprilTag: A robust and flexible visual fiducial system,” in 2011 IEEE 
International Conference on Robotics and Automation, 2011, pp. 3400–3407. https://doi.
org/10.1109/ICRA.2011.5979561

	[27]	 M. Krogius, A. Haggenmiller, and E. Olson, “Flexible layouts for fiducial tags,” in 
2019 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS), 2019, 
pp. 1898–1903. https://doi.org/10.1109/IROS40897.2019.8967787

	[28]	 A. Sinha, R. Chaki, B. De Kumar, and S. K. Saha, “Readability analysis of textual content 
using eye tracking,” in Advanced Computing and Systems for Security, 2019, pp. 73–88. 
https://doi.org/10.1007/978-981-13-3250-0_6

	[29]	 X. Cornelis, N. Dirix, and L. Bogaerts, “The timing of spontaneous eye blinks in text read-
ing suggests cognitive role,” Scientific Reports, vol. 15, no. 1, p. 19849, 2025. https://doi.
org/10.1038/s41598-025-04839-y

	[30]	 G. Andreou and M. Gkantaki, “Tracking adults’ eye movements to study text compre-
hension: A review article,” Languages, vol. 9, no. 12, p. 360, 2024. https://doi.org/10.3390/
languages9120360

https://online-journals.org/index.php/i-jep
https://doi.org/10.15390/EB.2021.9777
https://doi.org/10.1002/rrq.498
https://doi.org/10.3758/s13421-012-0244-y
https://doi.org/10.3390/vision3030035
https://doi.org/10.1016/j.cognition.2024.105765
https://doi.org/10.1016/j.cognition.2024.105765
https://doi.org/10.4236/psych.2018.915172
https://doi.org/10.1186/s40561-024-00318-5
https://doi.org/10.1186/s40561-024-00318-5
https://www.scopus.com/inward/record.uri?eid=2-s2.0-105000978445&partnerID=40&md5=1658b4592bba18f53bcb45941d54dd45
https://www.scopus.com/inward/record.uri?eid=2-s2.0-105000978445&partnerID=40&md5=1658b4592bba18f53bcb45941d54dd45
https://doi.org/10.3991/ijep.v14i8.51111
https://doi.org/10.1002/jeab.448
https://doi.org/10.1117/12.3006476
https://doi.org/10.1109/ICRA.2011.5979561
https://doi.org/10.1109/ICRA.2011.5979561
https://doi.org/10.1109/IROS40897.2019.8967787
https://doi.org/10.1007/978-981-13-3250-0_6
https://doi.org/10.1038/s41598-025-04839-y
https://doi.org/10.1038/s41598-025-04839-y
https://doi.org/10.3390/languages9120360
https://doi.org/10.3390/languages9120360


iJEP | Vol. 16 No. 2 (2026)	 International Journal of Engineering Pedagogy (iJEP)	 87

Do Highlighted Keywords and Hyperlinks Improve Reading? Evidence from Eye-Tracking

	[31]	 Š. Koprda, M. Magdin, J. Reichel, Z. Balogh, and D. Tuček, “Time efficiency of online 
education in technical subjects without decreasing didactic effectiveness during 
the COVID-19 pandemic,” International Journal of Engineering Education, vol. 37, 
no. 6, pp. 1533–1539, 2021. [Online]. Available: https://www.ijee.ie/latestissues/Vol37-6/ 
08_ijee4123.pdf.

	[32]	 A. S. Alves Gomes, J. F. Da Silva, and L. R. De Lima Teixeira, “Educational robotics in 
times of pandemic: Challenges and possibilities,” in 2020 Latin American Robotics 
Symposium (LARS), 2020 Brazilian Symposium on Robotics (SBR) and 2020 Workshop 
on Robotics in Education (WRE), 2020, pp. 1–5. https://doi.org/10.1109/LARS/SBR/
WRE51543.2020.9307145

	[33]	 R. Erdogan, Z. Saglam, G. Cetintav, and F. G. Karaoglan Yilmaz, “Examination of the 
usability of Tinkercad application in educational robotics teaching by eye tracking 
technique,” Smart Learning Environments, vol. 10, no. 1, p. 27, 2023. https://doi.org/ 
10.1186/s40561-023-00242-0

	[34]	 M. Dahal, L. Kresin, and C. Rogers, “Introductory activities for teaching robotics with 
SmartMotors,” in Robotics in Education. RiE 2023, in Lecture Notes in Networks and 
Systems, R. Balogh, D. Obdržálek, and E. Christoforou, Eds., vol. 747. Springer, Cham, 
2023, pp. 229–241. https://doi.org/10.1007/978-3-031-38454-7_20

	[35]	 G. Fitzsimmons, M. J. Weal, and D. Drieghe, “Reading, processing and interacting with 
hypertext on the web,” in Proceedings of the 30th International BCS Human Computer 
Interaction Conference (HCI), 2016, pp. 1–8. https://doi.org/10.14236/ewic/HCI2016.14

	[36]	 Y.-C. Jian, “Reading in print versus digital media uses different cognitive strategies: 
Evidence from eye movements during science-text reading,” Reading and Writing, 
vol. 35, no. 7, pp. 1549–1568, 2022. https://doi.org/10.1007/s11145-021-10246-2

	[37]	 F. Huth, M. Koch, M. Awad-Mohammed, D. Weiskopf, and K. Kurzhals, “Eye tracking on text 
reading with visual enhancements,” in Proceedings of the 2024 Symposium on Eye Tracking 
Research and Applications, 2024, pp. 1–7. https://doi.org/10.1145/3649902.3653521

	[38]	 H. Lan, S. Liao, and J. Kruger, “Do advertisements disrupt reading? Evidence from eye 
movements,” Applied Cognitive Psychology, vol. 39, no. 1, p. e70016, 2025. https://doi.
org/10.1002/acp.70016

	[39]	 N. Ariasi and L. Mason, “Uncovering the effect of text structure in learning from a sci-
ence text: An eye-tracking study,” Instructional Science, vol. 39, no. 5, pp. 581–601, 2011. 
https://doi.org/10.1007/s11251-010-9142-5

	[40]	 N. Ariasi, J. Hyönä, J. K. Kaakinen, and L. Mason, “An eye‐movement analysis of the 
refutation effect in reading science text,” Journal of Computer Assisted Learning, vol. 33, 
no. 3, pp. 202–221, 2017. https://doi.org/10.1111/jcal.12151

	[41]	 N. J. Hunsu, O. Adesope, and M. T. McCrudden, “The effects of text structure on stu-
dents’ use of comprehension strategies and cognitive outcomes during science text 
processing,” Frontiers in Education, vol. 8, p. 1112804, 2023. https://doi.org/10.3389/
feduc.2023.1112804

	[42]	 J. Asberger, E. Thomm, and J. Bauer, “Do reading goals make a difference for refutation 
text effectiveness?” The Journal of Experimental Education, pp. 1–19, 2024. https://doi.org/ 
10.1080/00220973.2024.2358480

	[43]	 B. Reimlinger, Q. Lohmeyer, R. Moryson, and M. Meboldt, “A comparison of how novice 
and experienced design engineers benefit from design guidelines,” Design Studies, 
vol. 63, pp. 204–223, 2019. https://doi.org/10.1016/j.destud.2019.04.004

	[44]	 M. Zhu, D. Bao, Y. Yu, D. Shen, and M. Yi, “Differences in thinking flexibility between 
novices and experts based on eye tracking,” PLoS ONE, vol. 17, no. 6, p. e0269363, 2022. 
https://doi.org/10.1371/journal.pone.0269363

https://online-journals.org/index.php/i-jep
https://www.ijee.ie/latestissues/Vol37-6/08_ijee4123.pdf
https://www.ijee.ie/latestissues/Vol37-6/08_ijee4123.pdf
https://doi.org/10.1109/LARS/SBR/WRE51543.2020.9307145
https://doi.org/10.1109/LARS/SBR/WRE51543.2020.9307145
https://doi.org/10.1186/s40561-023-00242-0
https://doi.org/10.1186/s40561-023-00242-0
https://doi.org/10.1007/978-3-031-38454-7_20
https://doi.org/10.14236/ewic/HCI2016.14
https://doi.org/10.1007/s11145-021-10246-2
https://doi.org/10.1145/3649902.3653521
https://doi.org/10.1002/acp.70016
https://doi.org/10.1002/acp.70016
https://doi.org/10.1007/s11251-010-9142-5
https://doi.org/10.1111/jcal.12151
https://doi.org/10.3389/feduc.2023.1112804
https://doi.org/10.3389/feduc.2023.1112804
https://doi.org/10.1080/00220973.2024.2358480
https://doi.org/10.1080/00220973.2024.2358480
https://doi.org/10.1016/j.destud.2019.04.004
https://doi.org/10.1371/journal.pone.0269363


	 88	 International Journal of Engineering Pedagogy (iJEP)	 iJEP | Vol. 16 No. 2 (2026)

Magdin et al.

	[45]	 T. Ehrhart, T. N. Höffler, S. Grund, and M. A. Lindner, “Static versus dynamic repre-
sentational and decorative pictures in mathematical word problems: Less might be 
more,” Journal of Educational Psychology, vol. 116, no. 4, pp. 532–549, 2024. https://doi.
org/10.1037/edu0000821

	[46]	 J. Arts, W. Emons, K. Dirkx, D. Joosten-ten Brinke, and H. Jarodzka, “Exploring the mul-
timedia effect in testing: The role of coherence and item-level analysis,” Frontiers in 
Education, vol. 9, p. 1344012, 2024. https://doi.org/10.3389/feduc.2024.1344012

	[47]	 L. Schewior and M. A. Lindner, “Revisiting picture functions in multimedia testing: 
A systematic narrative review and taxonomy extension,” Educational Psychology Review, 
vol. 36, no. 2, p. 49, 2024. https://doi.org/10.1007/s10648-024-09883-0

	[48]	 M. A. Lindner, A. Eitel, B. Strobel, and O. Köller, “Identifying processes underlying the 
multimedia effect in testing: An eye-movement analysis,” Learning and Instruction, 
vol. 47, pp. 91–102, 2017. https://doi.org/10.1016/j.learninstruc.2016.10.007

	[49]	 M. A. Lindner, J. Schult, and R. E. Mayer, “A multimedia effect for multiple-choice and 
constructed-response test items,” Journal of Educational Psychology, vol. 114, no. 1, 
pp. 72–88, 2022. https://doi.org/10.1037/edu0000646

	[50]	 H. R. Ponce, R. E. Mayer, M. S. Loyola, M. J. López, and E. E. Méndez, “When two 
computer-supported learning strategies are better than one: An eye-tracking 
study,” Computers & Education, vol. 125, pp. 376–388, 2018. https://doi.org/10.1016/ 
j.compedu.2018.06.024

	[51]	 I. González-Diez, C. Varela, and M. C. Sáiz-Manzanares, “Use of eye-tracking methodology 
for learning in college students: Systematic review of underlying cognitive processes,” in 
International Joint Conference 16th International Conference on Computational Intelligence 
in Security for Information Systems (CISIS 2023), in Lecture Notes in Networks and Systems, 
P. García Bringas et al., vol. 748. Springer, Cham, 2023, pp. 279–293. https://doi.org/ 
10.1007/978-3-031-42519-6_27

	[52]	 X. Leng, F. Wang, R. E. Mayer, and T. Zhao, “How to train students to engage in text‐picture 
integration for multimedia lessons,” British Journal of Educational Technology, vol. 55, 
no. 3, pp. 1167–1188, 2024. https://doi.org/10.1111/bjet.13419

	[53]	 J. Sweller, “Cognitive load theory,” Psychology of Learning and Motivation, vol. 55, 
pp. 37–76, 2011. https://doi.org/10.1016/B978-0-12-387691-1.00002-8

	[54]	 R. Mayer, Multimedia Learning. Cambridge: Cambridge University Press, 2020.  
https://doi.org/10.1017/9781316941355

	[55]	 E. Banaz, “Cognitive bridges from digital reading to writing: Investigating the mediat-
ing role of reading disposition,” Acta Psychologica, vol. 260, p. 105530, 2025. https://doi.
org/10.1016/j.actpsy.2025.105530

	[56]	 A. Habók, T. Z. Oo, and A. Magyar, “The effect of reading strategy use on online read-
ing comprehension,” Heliyon, vol. 10, no. 2, p. e24281, 2024. https://doi.org/10.1016/ 
j.heliyon.2024.e24281

	[57]	 L. Juhász and C. Pesti, “Self-regulated learning in the post-pandemic era: A study 
of hungarian secondary school students,” Acta Educationis Generalis, vol. 15, no. s1, 
pp. 52–71, 2025. https://doi.org/10.2478/atd-2025-0014

	[58]	 M. Cheng, F. Wang, and R. E. Mayer, “Benefits of asking students to make an instructional 
video of a multimedia lesson: Clarifying the learning‐by‐teaching hypothesis,” Journal of 
Computer Assisted Learning, vol. 39, no. 5, pp. 1636–1651, 2023. https://doi.org/10.1111/
jcal.12823

	[59]	 N. Inie, L. Barkhuus, and C. Brabrand, “Interacting with academic readings—A 
comparison of paper and laptop,” Social Sciences & Humanities Open, vol. 4, no. 1, 
p. 100226, 2021. https://doi.org/10.1016/j.ssaho.2021.100226

https://online-journals.org/index.php/i-jep
https://doi.org/10.1037/edu0000821
https://doi.org/10.1037/edu0000821
https://doi.org/10.3389/feduc.2024.1344012
https://doi.org/10.1007/s10648-024-09883-0
https://doi.org/10.1016/j.learninstruc.2016.10.007
https://doi.org/10.1037/edu0000646
https://doi.org/10.1016/j.compedu.2018.06.024
https://doi.org/10.1016/j.compedu.2018.06.024
https://doi.org/10.1007/978-3-031-42519-6_27
https://doi.org/10.1007/978-3-031-42519-6_27
https://doi.org/10.1111/bjet.13419
https://doi.org/10.1016/B978-0-12-387691-1.00002-8
https://doi.org/10.1017/9781316941355
https://doi.org/10.1016/j.actpsy.2025.105530
https://doi.org/10.1016/j.actpsy.2025.105530
https://doi.org/10.1016/j.heliyon.2024.e24281
https://doi.org/10.1016/j.heliyon.2024.e24281
https://doi.org/10.2478/atd-2025-0014
https://doi.org/10.1111/jcal.12823
https://doi.org/10.1111/jcal.12823
https://doi.org/10.1016/j.ssaho.2021.100226


iJEP | Vol. 16 No. 2 (2026)	 International Journal of Engineering Pedagogy (iJEP)	 89

Do Highlighted Keywords and Hyperlinks Improve Reading? Evidence from Eye-Tracking

	[60]	 K. Mägi, M.-K. Lerkkanen, A.-M. Poikkeus, H. Rasku-Puttonen, and J.-E. Nurmi, “The 
cross-lagged relations between children’s academic skill development, task-avoidance, 
and parental beliefs about success,” Learning and Instruction, vol. 21, no. 5, pp. 664–675, 
2011. https://doi.org/10.1016/j.learninstruc.2011.03.001

	[61]	 L. Mason, A. Ronconi, B. Carretti, S. Nardin, and C. Tarchi, “Highlighting and highlighted 
information in text comprehension and learning from digital reading,” Journal of 
Computer Assisted Learning, vol. 40, no. 2, pp. 637–653, 2024. https://doi.org/10.1111/
jcal.12903

	[62]	 A. Dersch, A. Renkl, and A. Eitel, “Personalized refutation texts best stimulate teachers’ 
conceptual change about multimedia learning,” Journal of Computer Assisted Learning, 
vol. 38, no. 4, pp. 977–992, 2022. https://doi.org/10.1111/jcal.12671

	[63]	 R. E. Mayer, “Evidence-based principles for how to design effective instructional videos,” 
Journal of Applied Research in Memory and Cognition, vol. 10, no. 2, pp. 229–240, 2021. 
https://doi.org/10.1016/j.jarmac.2021.03.007

11	 AUTHORS

doc. PaedDr. Martin Magdin, Ph.D., is an Associate Professor at the Faculty 
of Natural Sciences, Constantine the Philosopher University in Nitra, Slovakia. His 
academic work focuses on computer science education, adaptive e-learning sys-
tems, and educational technologies. He has authored and co-authored numerous 
scientific publications and has participated in several national and international 
research projects. Dr. Magdin is also involved in supervising Ph.D. students and 
actively contributes to the development of innovative teaching methods in the field 
of informatics (E-mail: mmagdin@ukf.sk).

doc. Ing. Štefan Koprda, Ph.D, is an associate professor at the Faculty of Natural 
Sciences, Constantine the Philosopher University in Nitra, Slovakia. His research inter-
ests include applied informatics, software engineering, and information systems. He 
has been actively involved in academic research, teaching, and the development 
of modern IT solutions in education. Dr. Koprda has published extensively in peer- 
reviewed journals and conference proceedings and regularly participates in both 
national and international research projects (E-mail: skoprda@ukf.sk).

Mgr. Aneta Boháčová, Ph.D., is the Vice-Dean at the Faculty of Education, 
University of West Bohemia, in Pilsen, Czech Republic. Her academic background lies 
in education and pedagogy, with a focus on didactics and the integration of innova-
tive teaching methods into teacher training. Dr. Boháčová is actively involved in both 
research and university administration, contributing to curriculum development, 
international cooperation, and the support of future educators. She has authored 
several scholarly publications and regularly presents at educational conferences 
across Europe (E-mail: bohacova@fzs.zcu.cz).

https://online-journals.org/index.php/i-jep
https://doi.org/10.1016/j.learninstruc.2011.03.001
https://doi.org/10.1111/jcal.12903
https://doi.org/10.1111/jcal.12903
https://doi.org/10.1111/jcal.12671
https://doi.org/10.1016/j.jarmac.2021.03.007
mailto:mmagdin@ukf.sk
mailto:skoprda@ukf.sk
mailto:bohacova@fzs.zcu.cz

