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Abstract

Context and relevance. Student engagement is a key factor in successful
knowledge acquisition and in improving the quality of the educational process.
With the growth of digitalization in education and the implementation of multi-
media and interactive technologies, there is a need to systematically study the
influence of different types of learning materials on learners’ engagement and
cognitive activity. Objective. The aim is to determine the nature of the relation-
ship between engagement and the types of learning materials (multimedia, inter-
active, and traditional), as well as to identify the factors that influence the effec-
tiveness of their use. Methods and materials. An analytical review of contempo-
rary domestic and international studies was conducted, including experimental,
cross-cultural, and psychophysiological research. Various formats of learning
materials and methods for assessing engagement were considered, including
self-reports, questionnaires, and psychophysiological indicators (EEG, ECG).
Results. The analysis showed that multimedia materials contribute to increased
cognitive and emotional engagement through visual and auditory stimuli, while
interactive technologies strengthen students’ active participation and improve
academic performance. Embodied and body-oriented technologies reduce cog-
nitive load and promote deeper assimilation of the material. The effectiveness of
learning materials depends on their design, content, individual learner charac-
teristics, and the conditions of their use. Conclusion. The choice of instructional
formats and modes of presenting information should be oriented toward learners’
age, level of preparation, and perceptual characteristics. The implementation of
multimedia, interactive, and embodied technologies can significantly improve the
quality of learning and student engagement; however, further research is needed
to determine the most effective combinations and conditions for their use.
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Pe3rome

KoHTeKcT 1 akTyanbHOCTb. BOBNe4YeHHOCTb yyalmxcs SBNAeTCs Kioye-
BblM (DaKTOPOM YCMELLUHOro YCBOEHUS 3HAHUI N NOBbILLEHUSA KadecTBa 06-
pasoBaTenbHOro npouecca. C poctom LmdpoBm3aumnm o6pasoBaHms n BHe-
ApEeHneM MynbTUMEANNHBIX U UHTEPAKTUBHbIX TEXHOMOMMIN BO3HUKAET HEOO-
XOAMMOCTb CUCTEMATUHYECKMN U3y4aTb BANSHWE Pa3fIMYHbIX TUMOB y4ebHbIX
MaTepuanoB Ha BOBMEYEHHOCTb Y KOTHUTMBHYIO aKTUBHOCTb 00YYatoLLMXCS.
Llenb. OnpepgenvTte xapakTep B3aMMOCBA3M MEXAY BOBEYEHHOCTbIO U TU-
namum yHeéHbIX mMaTtepuanoB (MyﬂbTVIMep,I/IVIHbIe, MHTEpPaKTUBHbIE U Tpagu-
LMOHHBIE), a TakxXe BbIABUTb hakTopbl, onpeaensolme ahPpeKTUBHOCTb
1x NpuMeHeHus. MeTtoabl u maTepuansl. [lpoBefeH aHanUTUYeCKun 063op
COBPEMEHHbIX OTEYECTBEHHbLIX U 3apybeXxHbIX WUCCMefoBaHWi, BKIOYato-
LUNX 3KCMepUMeHTasbHble, KPOCC-KYNbTYPHbIE U NCUXOU3NONOrn4eckmne
paboTbl. PaccMOTpeHbl pasnuyHblie hopMaTbl y4ebHbIX MaTepuanos n Me-
TOAb! OLEHKN BOBIEYEHHOCTU, BKIOYAA CamMOOTHETbI, aHKETbl U Ncuxodu-
3unonornyeckne nokasatenu (33, OKI). Pesynbratbl. AHanM3 nokasarn,
4YTO MyNbTUMELUHbIE MaTepuanbl CMOCOOCTBYIOT MOBLILLIEHNIO KOTHUTUB-
HOW 1 3MOLMOHasNbHOW BOBJIEYEHHOCTYM 3a CHET BM3YasbHbIX U ayAnanbHbIX
CTUMYSIOB, & WHTEPaKTMBHbIE TEXHONIOMMU YCUNMBAIOT akTUBHOE y4vacTue
CTYAEHTOB, MNOBbILAA akafeMU4ecKylo ycrneBaemocTb. BonnowieHHble n
TeNnecHO OPUEeHTUPOBaHHblE TEXHONIOMUU CHMXAKT KOMHUTUBHYHO Harpysky
1 CMoco6CTBYIOT 6oree rny6okoMy yCcBOeHUo matepuana. OdpeKTUBHOCTb
y4e6HbIX MaTepunanos 3aBUCUT OT An3arniHa, CoAepXaHus, MHAMBUAYANbHbIX
OCOGEHHOCTEN yHaLLMXCa U YCrnoBuii npuMmeHeHus. Boisoabl. Boibop dop-
MaToB 06y4eHUs 1 CNocob0B nofa4dn NHgopmaLumn TpedyeT OPUEHTUPOBKMN
Ha BO3pacT, YpPOBEHb MOATOTOBKU M OCOBGEHHOCTU BOCMPUATMA ObBy4yato-
wnxca. BHeppeHne MynbTUMEOWIHbIX, MHTEPaKTUBHbBIX W BOMMOLLEHHbIX
TEXHOSIOTMI CMOCOBHO 3HAYMTENIbHO MOBLICUTL Ka4ecTBO O6y4eHUs U BO-
BfIE4YEHHOCTb 06Yy4aloLLMXCcs, OAHAKO TpebyeTcs AanbHelillee uccrenosa-
Hue gns onpepenenvs Hanbonee 3PEKTUBHBIX KOMOMHALMIA U YCIOBUWA
NX NPUMEHEHUS.

KnroueBble cnoBa: BOBNEYEHHOCTb O0OYHaIOLLMXCH, y4ebHble martepuansl,
MyNbTUMEAMNA, UHTEPaKTUBHOE 06YHEHNE, KOTHUTUBHASA Harpy3Ka, BOMOLLEH-
Hoe no3HaHue, VR/AR TexHonorum, ncuxoguanonornieckme MeTofbl OLEHKM
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Introduction

One of the main challenges in education
is a decline in students’ interest in learning.
Researchers note that due to widespread
digitalization — especially the use of social
networks — there is a shift from conceptual
to fragmented (‘clip’) thinking (Bigakov et al.,
2016; Girenok, 2018). Similar changes in the
thinking process affect cognitive functions,
including students’ ability to identify causal
relationships, understand textual content,
interpret it, and integrate visual and verbal
information. Accordingly, if the thinking pro-
cess itself changes, so do the requirements
for teaching materials. In this context, it is
therefore important to examine different types
of educational materials, as well as their rela-
tionship with the engagement of students in
the educational process.

Engagement is described as a complex
multidimensional construct that refers to
different aspects of the educational experi-
ence (attendance, homework, school sense
of belonging, etc.) and encompasses differ-
ent time horizons of the learning experience
(short-term affective episodes, stable dis-
positions, perceptions of the consequences
of their decisions in the context of the edu-
cational process, etc.) (D'Mello, Dieterle,
Duckworth, 2017). Such a broad definition
remains poorly operationalized and con-
ceptually ambiguous, which motivates re-
searchers to study specific aspects of this
construct (Eccles, Wang, 2012; D'Mello,
Dieterle, Duckworth, 2017). Three dimen-
sions of engagement are commonly distin-
guished: behavioral (external manifestations
of engagement); emotional (positive and
negative emotions arising in learning situa-
tions); and cognitive (orientation to a deeper
understanding of the material, preference for
complexity and use of self-regulation strate-
gies) (Fredricks et al., 2004). A number of

studies also distinguish psychological en-
gagement (sense of belonging, relationships
with teachers and peers, etc.), and note the
relative underrepresentation of the cognitive
dimension in prior research of engagement
(Bondarenko, Ishmuratova, Ziganov, 2020).

Modern digital technologies are increas-
ingly integrated into the education system
and are transforming it. Research suggests
that the availability of digital resources in
learning per se is associated with higher en-
gagement (Abdulganie et al., 2025). Thus,
the integration of educational technologies
and artificial intelligence (Al) has led to the
possibility of creating adaptive educational
platforms whose effectiveness in increasing
engagement and improving educational out-
comes (including through personalization of
the process) has been demonstrated in stud-
ies (Ouyang, 2025). A recent study of active
use of Al by students found that this practice
leads to increased engagement at the begin-
ning of a program, but engagement indica-
tors decline over time (Bognar, Khine, 2025),
which highlights the importance of studying
process dynamics.

Self-reports remain the main method of
assessing engagement. Among them, the
most common is the the Multidimensional
School Engagement Scale, which assesses
emotional, cognitive and behavioral aspects
(Wang et al., 2019) and adapted in a Rus-
sian sample (Fomina, Morosanova, 2020).
Despite the ability of self-reports to capture
‘invisible’ aspects of engagement, they do
not allow researchers to capture its dynamic
nature (Kassab et al., 2023). The dynamics of
engagement are manifested both in changes
in motivation and interest during training, as
well as in situational fluctuations depending
on the type of teaching material used. Teach-
ing materials are typically classified in the lit-
erature as follows:
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1) By presentation format of the material
(text, audio, presentations and video);

2) By modality of interaction used in learn-
ing (multimedia, interactive and traditional).

Few studies focus exclusively on the
presentation format of educational material,
because educational practice typically com-
bines different types of materials. Research
focuses on materials depending on media
used (Muir et al., 2022). Multimedia materials
are digital resources delivered via devices or
software that combine text, graphics, anima-
tion, audio and video information (Blinova,
2017). Interactive materials provide active
participation of the students, allowing them
to choose actions, interact with content and
receive feedback, which makes the learning
process more dynamic (Kulikova et al., 2023).
Traditional materials include printed and text-
based resources, such as textbooks, lectures,
teaching aids, workbooks and other forms
that primarily support one-way transmission
of information (Shedina, Teresina, 2022).

Given the dynamic nature of engage-
ment, continuous, unobtrusive methods for
monitoring engagement and cognitive load
in the educational and work environment ac-
quire special importance. This supports the
development of more precise and effective
methods of human interaction with technol-
ogy and helps optimize the design of safe,
motivating and productive learning environ-
ments. Engagement can be assessed using
psychophysiological indicators, including
EEG and ECG. Key EEG metrics include:
power spectrum, signal mapping, alpha/theta,
beta/theta, alpha/delta ratios (Ronca, Bram-
bati, 2024; Apicella, Arpaia, 2022; Rai et al.,
2025). Using ECG, fatigue can be estimated
using stress indices, indices of regulatory
strain, and sympathoadrenal tone (Lischke et
al., 2021; Speer, Naumovski, McKune, 2024).

This review aims to systematize and
analyze scientific works on the relationship
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between engagement and the type of edu-
cational material (multimedia, interactive and
traditional), as well as to identify the main fac-
tors that influence their relationship. Overall,
studies suggest that multimedia and interac-
tive learning materials are often associated
with higher engagement in learning activities
than traditional learning materials. However,
the strength and direction of this association
vary depending on the specific type of training
material.

Engagement when using multimedia
learning materials

The use of multimedia is now seen as
an integral part of knowledge transfer in the
educational environment (Sarowardy, Halder,
2019). Multimedia refers to the use of multiple
modes of presentation of information: textual
(including alphanumeric), symbolic, graphic,
photographic, audio and video format, includ-
ing animation. When combined with digital
technologies, multimedia can facilitate under-
standing and improve retention of the teach-
ing material (Guan et al., 2018). The inclusion
of static and dynamic visual components
enhances the teacher's oral explanations,
making communication more illustrative and
understandable (Alemdag, Cagiltay, 2018).

One of the most popular forms of multi-
media presentation is a video lecture. Al Hus-
seini (2024) found that students who watched
video lectures exhibited a higher level of en-
gagement than respondents who used text
materials. In particular, students working with
video lectures spent, on average, 30 minutes
longer on assignments and interacted more
actively (AL Hussaini, 2024).

Another study showed that multimedia
lectures, which applied the principles of
embodiment (including video presentations
with a teacher on the screen), segmentation
(dividing lectures into short fragments with
the ability to control the pace) and signaling
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(highlighting key material on the screen), con-
tributed to the growth of all forms of engage-
ment. In particular, there was an increase in
the average viewing time, the number of com-
pleted questionnaires and the number of test
attempts (Gopal, Singh, Aggarwal, 2022).

A study by Shen and Pritchard (2022)
examined the effect of visual cues on cogni-
tive engagement in educational videos. The
authors identified four modes of engagement:
passive, active, constructive, and interac-
tive, grouping them into shallow and deep
engagement. The results showed that visual
and textual cues enhance both levels of en-
gagement, while color contrast has no effect.
Visual complexity, on the other hand, only in-
creased deep cognitive engagement.

Of particular interest are studies compar-
ing different types of multimedia educational
materials. Reed et al. (2021) compared ani-
mations and static presentations. The results
showed that animations support better learn-
ing by students of non-majors and a higher
level of engagement among all participants.
This was especially evident among students
with training in the field of neuroscience, for
whom clarity and accessibility made the ma-
terials more attractive. In general, animated
materials proved to be more effective than
static ones both in terms of understanding
and engagement.

As noted above, self-reports and ques-
tionnaires remain the main methods of study-
ing engagement, but psychophysiological
approaches are of increasing interest. A
study by ltalian researchers (Ronca et al.,
2025) used a neurophysiological method to
evaluate educational content and its impact
on cognitive processes. The subjects were
presented with three types of materials — an
educational video, an academic video, and an
encyclopedic text, while EEG, GSR, and PPG
were recorded. The use of video materials,
especially with visual effects, was associated

with higher engagement and lower cogni-
tive load compared to text-based materials,
while reading was accompanied by increased
cognitive load and decreased attention. Cor-
relation analyses supported an association
between neurophysiological indicators and
students' self-assessments.

The researchers note that, despite digita-
lization, the use of such educational materi-
als remains limited due to a lack of technical
equipment. In a study by E. Nsabayezu and
colleagues (Nsabayezu et al., 2025), the ef-
fect of the flipped classroom with multimedia
support (MSFCA) method on student en-
gagement in studying organic chemistry in
secondary schools in Rwanda was studied.
The results showed that MSFCA increases
engagement and motivation, but rural stu-
dents reported lower levels of engagement
due to limited Internet access and a lack of
computers. This result highlights that the lack
of infrastructure in rural schools significantly
reduces the opportunities for effective student
engagement.

The analysis shows that multimedia edu-
cational materials have a significant impact
on the level of student engagement, creating
conditions for a more active perception and
assimilation of information. Compared to tra-
ditional text materials, multimedia resources
demonstrate higher efficiency both in stimu-
lating students' interest and in improving the
quality of understanding the educational con-
tent. A special place is occupied by animated
multimedia materials, which surpass their
static counterparts both in terms of cognitive
assimilation, as well as in terms of emotional
and behavioral engagement.

Engagement when working with
interactive learning materials
Interactive materials are educational

resources that involve the student's active
participation in the learning process, provid-
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ing opportunities for choice, interaction, and
feedback (Kulikova et al., 2023). Although
a substantial body of research of interactive
materials and their impact on engagement
exist, the topic is becoming increasingly rel-
evant. This reflects the growing diversity of
interactive methods with the development of
technology, for example: in recent years, VR/
AR environments and artificial intelligence
have been actively used for training. Interac-
tive materials can be implemented in vari-
ous formats, including quests, role-playing
games, case-based learning, gamification of
content, immersive technologies and other
approaches (Yakovleva, Yakovlev, 2014).

Most studies suggest that such a learning
format increases engagement and the ef-
fectiveness of learning (for example, Balalle,
2024). However, individual techniques may
have different effectiveness, depending on
the material and the psychological charac-
teristics of the students who perceive this
material (Kos, Kanadli, 2025). In one study,
two groups of medical students alternated be-
tween computer simulation and virtual reality
simulation (Walls et al., 2024). Engagement
in this study was assessed by physiological
parameters: heart rate and eye movements.
The researchers noted significantly higher
levels of student engagement in virtual reality
simulations, regardless of the content of the
simulation itself.

In a study by Natalizio et al. (2024), a new
approach to monitoring engagement through
brain—computer interfaces is proposed. The
models of intra-subject classification distin-
guished the states of engagement and rest
with an accuracy of about 90%. The level of
engagement was higher when watching the
commercial compared to the horizontal video
and when playing Tetris at medium and high
speeds. A correlation was noted between sub-
jective and EEG indicators: with high engage-
ment, the power of the theta rhythm increased
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and activity in the alpha range decreased.
The study supports the reliability of the EEG
for detecting engagement in real time and the
dependence of its level on the characteristics
of the task and the type of stimuli.

Haerawan et al. (2024) compared tradi-
tional video lectures and video lectures with
interactive elements. Students with access
to interactive features had higher engage-
ment and final grades. The most effective el-
ements were quizzes, interactive diagrams,
models and scenarios with development op-
tions. The authors report a positive associa-
tion between the use of interactive elements
and academic success. Similar results were
obtained in a study (Xu et al., 2023): interac-
tive elements significantly increased student
engagement and academic performance.
Working with an interactive whiteboard, par-
ticipating in discussions, and taking notes
together nearly doubled learning gains com-
pared to a traditional lecture.

Researchers have also examined the
problem of engagement using robot assis-
tants. If children initially experience positive
emotions when using robotic toys in learning,
then later interest fades, which is a problem
that is solved by using multiple robot agents
simultaneously (Oertel et al, 2020).

In order to increase the effectiveness of
training, it is also possible to include the stu-
dent's movements in the work with the educa-
tional material. This approach is based on the
theory of embodied cognition, according to
which cognitive processes are closely related
to human sensorimotor experience (Bar-
salou, 2008). Research shows the positive
effect of using motor experience in learning
foreign languages, mathematics, and other
disciplines, especially when gestures are
associated with the concepts being studied,
repeated by students, and such practice used
for a long time (Macedonia, 2019). Reducing
cognitive load can be achieved by expanding
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the boundaries of the body and offloading
some operations to digital systems. This pro-
cess involves the student's bodily experience
and reduces the cognitive load. Despite the
popularity of the theory of embodied cogni-
tion, few comparative studies of embodied
and traditional learning using digital technolo-
gies exist. Most studies focus on describing
technologies without analyzing their effective-
ness in comparison with traditional learning.
A systematic review reported no statistically
significant differences between the approach-
es (Ale et al., 2022), which may be due to the
chosen metrics and the short-term nature of
the experiments.

It has been shown that the reliance of
cognitive processes on motor experience
may differ in different age periods, which
must be taken into account when develop-
ing digital learning materials for children and
adolescents of different ages. For example,
a study where images and depicted ges-
tures were used to teach foreign words (with
students required to repeat the gestures),
showed that children aged 11-12 learned
words equally well in both conditions — using
visual stimuli and using gestures — whereas
the 13—14-year-old group showed the great-
est effect when gestures were used rather
than visual stimuli. This pattern is consistent
with results obtained in adults (Mathias et
al., 2022).

The analysis shows that interactive teach-
ing methods have a positive effect the en-
gagement and academic performance. Most
studies note that the use of VR/AR, gamifi-
cation, and collaborative tools enhances
students' attention and interest, although ef-
fectiveness depends on the presentation for-
mat and the characteristics of the students.
In general, the experiments demonstrate an
increase in engagement in the use of interac-
tive elements, which makes them a promis-
ing area for the development of educational

practices. The integration of digital technolo-
gies also expands the possibilities of adapting
educational materials to the individual needs
of students, emphasizing the need for further
research on the optimal forms and conditions
for the use of interactive approaches.

Discussion

The analysis of the presented studies in-
dicates the significant impact of the format of
educational materials on the level of student
engagement. Overall, the literature converg-
es on the view that the use of multimedia,
interactive and embodied technologies tend
to enhance the cognitive, emotional and
behavioral activity of students. In particular,
formats such as animations and video lec-
tures with visual elements contribute to a
better understanding of the educational ma-
terial and increase the time spent interacting
with it. Interactive methods, including virtual
and augmented reality, case learning and
gamification, contribute to the growth of edu-
cational motivation and academic success,
which is confirmed by both students' self-as-
sessments and data from psychophysiologi-
cal research. One of the key trends identified
in the analysis is the importance of individual
differences and the learning context. Thus,
students without specialized training may
benefit more from multimedia animations,
while students with relevant experience
learn the material better when combining
visual and interactive components. Age also
plays an important role: for students aged
11-12 and 13-14, physical interaction with
educational materials has a different impact,
which underlines the need for age-related
adaptation of digital educational resources.
The results of a large number of studies
indicate that video content and interactive
environments contribute to preventing cogni-
tive overload and maintaining concentration
compared to traditional text materials.
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Additionally, psychophysiological meth-
ods such as EEG and ECG enable real-time
tracking of engagement and cognitive load.
Many studies examine engagement in the
learning process using hardware methods
(EEG, ECG, etc.). EEG-based engagement
indices typically rely on the analysis of brain
rhythms, spectral characteristics of the EEG
and the topography of activity. These mark-
ers allow researchers to assess the degree
of attention, cognitive load and activation,
which reflects the student's engagement.
EEG markers allow an objective assessment
of attention and engagement, especially in
real time (for example, in adaptive learning).
An analysis of the functional relationship
between brain regions is also used. Thus,
the high coherence between the frontal and
parietal areas in the performance of tasks
indicates coordinated brain activity, char-
acteristic of engagement. Fatigue (its level
and dynamics) is measured on the basis of
ECG indicators, such as stress and indices
of regulatory strain, the sympathoadrenal
tone index. Changes in HRV parameters
during fatigue make it possible to objectively
assess the functional state of the body and
autonomic homeostasis. A decrease in in-
dicators reflecting parasympathetic activity
may serve as an early marker of fatigue on-
set. In this regard, HRV monitoring can be a
useful tool in the prevention of overexertion
and overload.

Conclusions

The review shows that the use of various
types of educational materials (multimedia,
interactive and traditional) has a significant
impact on student engagement and the effec-
tiveness of learning. Although some studies
report no statistically significant differences
between interactive and traditional teach-
ing methods, the general trend suggests an
increase in engagement and academic suc-
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cess when using modern digital technologies,
including VR/AR, animated materials and
gamified approaches. Thus, the integration
of multimedia and interactive elements into
the educational process, as well as the use of
Al-based technologies, offers opportunities to
personalize learning, increase engagement,
and improve educational effectiveness. The
results of the analysis emphasize the need
for further research to determine the optimal
forms, conditions and combinations of vari-
ous types of educational materials, depend-
ing on the age and cognitive characteristics
of students.

Objective methods for assessing aca-
demic engagement are developing in several
directions. Biometric and physiological meth-
ods include heart rate monitoring, electroen-
cephalography, galvanic skin reaction, and
pupillary activity tracking, which reflect the
level of attention and emotional state. Be-
havioral methods include tracking eye move-
ments, analyzing interactions with learning
platforms, and video analysis of facial expres-
sions and speech to assess motivation and
fatigue. Big data analytics and artificial intel-
ligence methods make it possible to identify
patterns of engagement and classify students
by activity level. In addition, sensor technolo-
gies and wearable devices such as fitness
bracelets and VR/AR environments are being
used to monitor physical activity and interac-
tion, which contributes to a more accurate as-
sessment of engagement.

Overall, the choice of teaching formats
and modes of information presentation
should be guided by the students’ age, level
of training and perceptional characteristics.
The introduction of multimedia, interactive,
and embodied technologies can significantly
improve the quality of learning and student
engagement, but further research is needed
to determine the most effective combinations
and conditions for their use.
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