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Abstract: Digital-technology courses
now cover subject matter that resists plain-text
explanation: cloud architecture, blockchain
mechanics, algorithmic platforms, artificial
intelligence. Teaching this material well
usually means combining prose with statistics
and visuals, yet most instruction still relies on
text alone. The international literature on
multimodal learning analytics has built solid
frameworks for classifying and combining
heterogeneous educational data (Mu, Cui, &
Huang, 2020), and digital-competency
instruments have been validated across several
institutional settings (Moreira-Choez et al.,
2024).

What has not been done is turning these
ideas into a tested teaching method for digital-
technology instruction  specifically, or
checking whether such a method holds up in a
Central Asian university. This study builds and
tests a multitype data-fusion teaching method
grounded in TPACK (Mishra & Koehler,
2006), connectivism (Siemens, 2005), and the
zone of proximal development (Vygotsky,
1978). Sixty-four students at a Uzbekistani
technical university were split into a text-only
control group and a multitype-fusion
experimental group across eleven course
topics. The experimental group scored 13.4
points higher on average (Cohen’s d = 1.54, p
< .001), needed 22% less time to master each
topic, and showed a clear pattern: achievement
rose with each added data type, from r = 0.42
for text plus table up to r = 0.67 for text, table,
and visual combined.
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Expert raters (Cronbach’s a = 0.89) and
student feedback backed these numbers,
though some students flagged sections as too
dense, which points to a real limit on how
much can be fused at once. Multitype fusion
pedagogy works, in other words, but it needs
calibration. The paper closes with concrete
recommendations for curriculum designers
and institutional policy. Expert raters
(Cronbach’s a = 0.89) and student feedback
backed these numbers, though some students
flagged sections as too dense, which points to
a real limit on how much can be fused at once.
Multitype fusion pedagogy works, in other
words, but it needs calibration. The paper
closes with concrete recommendations for
curriculum designers and institutional policy.

MULTI TIPLI MA’LUMOTLARNI QAYTA ISHLASH ALGORITMLARI ASOSIDA
RAQAMLI TEXNOLOGIYALARNI O‘QITISH METODIKASINI
TAKOMILLASHTIRISH

Otaxon Masharibovich Normatov

Muhammad al-Xorazmiy nomidagi Toshkent axborot texnologiyalari universiteti

Elektron pochta: o.normatov@tuit.uz
Toshkent, O ‘zbekiston

MAQOLA HAQIDA

Kalit so‘zlar: multitipli ma’lumotlar
birlashuvi; ragamli texnologiyalar ta’limi;
pedagogik metodika; multimodal ta’lim tahlili;
TPACK; oliy ta’lim; o‘quv dizayni; raqamli
kompetentlik; O‘zbekiston; kvazi-
eksperimental tadgigot.

Annotatsiya: Bugungi ragamli
texnologiyalar kursi shunday materiallarni oz
ichiga oladiki, ularni fagat matn orgali
tushuntirish ~ qiyin: bulutli  hisoblash
arxitekturasi, blokcheyn mexanizmi,
algoritmik platformalar, sun’ity intellekt.
Bunday materialni sifatli o°qitish odatda
matnni statistika va vizual materiallar bilan
birga qo‘llashni talab qiladi, biroq o*qitishning
katta gismi hamon fagat matnga tayanadi.
Multimodal ta’lim tahlili bo‘yicha xalqaro
adabiyot heterogen ta’lim ma’lumotlarini
tasniflash va birlashtirish uchun ishonchli
modellar yaratgan (Mu, Cui, & Huang, 2020),
ragamli kompetensiyalarni baholash vositalari
esa  turli institutsional sharoitlarda
tasdiglangan (Moreira-Choez va boshqg.,
2024).

Biroq hech kim bu g‘oyalarni aynan
ragamli  texnologiyalarni o‘qitish  uchun
sinovdan o‘tkazilgan metodikaga
aylantirmagan va bunday metodikaning
Markaziy Osiyo universitetida ishlashini
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tekshirmagan edi. Ushbu tadgigot TPACK
(Mishra & Koehler, 2006), konnektivizm
(Siemens, 2005) va yaqin rivojlanish zonasi
(Vygotsky, 1978) nazariyalariga tayanib,

multitipli ma’lumotlarni birlashtirish
metodikasini ishlab chigadi va sinovdan
o‘tkazadi. O‘zbekiston texnika

universitetidagi 64 nafar talaba nazorat guruhi
(fagat matn) va tajriba guruhi (multitipli
birlashtirilgan ma’lumotlar) ga bo‘lindi, 11 ta
kurs mavzusi bo‘yicha solishtirildi. Tajriba
guruhi o‘rtacha 13,4 ballga ko‘proq to‘pladi
(Koen d = 1,54, p < 0,001), har bir mavzuni
o‘zlashtirishga 22% kamroq vaqt sarfladi,
natijalar esa aniq qonuniyatni ko‘rsatdi: har bir
go‘shimcha ma’lumot turi bilan o‘zlashtirish
darajasi oshib bordi - matn+jadval uchun
r=0,42 dan to matntjadval+vizual to‘liq
birikmasi uchun r=0,67 gacha.

Ekspertlar bahosi (Kronbax alfasi = 0,89)
va talabalar fikri bu ragamlarni tasdigladi,
garchi ba’zi talabalar alohida bo‘limlarni
axborot bilan haddan tashqari to‘yingan deb
baholagan bo‘lsa-da - bu bir vaqtning o‘zida
gancha  ma’lumot  turini  birlashtirish
mumkinligining real chegarasi borligini
ko‘rsatadi. Boshqacha aytganda, multitipli
ma’lumotlarni  birlashtirish ~ pedagogikasi
ishlaydi, lekin kalibrlashni talab qgiladi.
Maqola yakunida o°‘quv dastur ishlab
chiquvchilar va institutsional siyosat uchun
aniq tavsiyalar keltiriladi.

COBEPHIEHCTBOBAHUME METOJAUKHA OBYUYEHUSA HIUPPOBbIM
TEXHOJIOTI'USIM HA OCHOBE AJITOPUTMOB OBPABOTKH JAHHBIX
PA3JIMYHBIX THUITIOB

Omaxon Mawapunoeuu Hopmamoe
Tawkenmckuti yHusepcumem uH@GOpMayUoHHbIX mexnHoao2ull umenu Myxammaoa anv-Xopezmu
Onexmponnas nouma: 0.normatov@tuit.uz
Tawkenm, Y36exucman

O CTATBHE

KuaroueBbie
CIINAHUC JIaHHI)IX;

CJI0Ba:  MYJIbTUTHITHOE
oOyueHue 1UGPOBHIM

TCXHOJOTHAM, INICAAarorndcCkass MCTOAUKA,

MyJbTUMOOAJIbHAA
TPACK; BrIcmICE

aHAJINTUKA  O0y4YeHUS;
oOpa3oBaHHe;, AHU3aNH

oOydeHust;  1mudpoBas  KOMIETEHTHOCTH;

AnHoranusi: Kypcsl mo 1u@poBbM
TEXHOJIOTHSIM CEroAHs OXBaThIBAIOT
MaTepuang, KOTOpPBIM IIOXO  HOAJaETcs
OOBSCHEHUIO  OJHUM  JIMIIb  TEKCTOM:
ApXUTEKTYPY 00JIaYHbIX BBIYHCIICHU,
MEXaHMKy OJIOKYeilHa, aJrOpUTMHYECKHE

V36ekucras; KBa3MAKCIIEPUMEHTAIbHOE IUIATQOPMBI, HCKYCCTBEHHBIM  HMHTEJJICKT.
UCCIIEIOBaHHUE. KauectBeHnHoe npernojaBaHue TaKOIo
MaTepuasa  oObIYHO TpedyeT codeTaHus
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TEKCTa CO CTaTHUCTUKOW U BHU3yaJbHBIMH
MaTepuagamMH, OJHAKO OoJbIas  4acTh
o0y4eHus Mo-NpeKHEMY OITUPAETCs TOJIBKO Ha
TEKCT. MeXIyHapoaHas JUTeparypa 1o
MyJIbTUMOJAJIbHOW — aHAJTUTHKE  O00y4eHHUs
BBIpaboTana Ha/IEKHBIE MOJIENH
KJIacCHU(pUKAITIHI u 00BEIMHEHUS
Pa3HOPOAHBIX  OOpPa30BaTENBHBIX  JaHHBIX
(Mu, Cui, & Huang, 2020), a ©"HCTpYMEHTBI
OIICHKH TU(POBBIX KOMIIETEHIIUH MPOILIN
BaJIMIALIUIO B pa3IMYHBIX
WHCTUTYLIMOHAIBHBIX  ycnoBusix  (Moreira-
Choez et al., 2024).

OpHako 10 CHX TOpP HUKTO HE MPEBPATUI
9TH HJIEW B MPOBEPEHHYIO METOJIUKY UMEHHO
JUTSL TIPENoJIaBaHusl MTU(POBBIX TEXHOJIOTHH W
HE MpoBepui, paboTaeT JIU Takas METOJMKA B
yHuBepcurere LlenTpanbHoit Asuu. JlaHHoe
uccienoBaHue pa3pabaThiBaeT U MPOBEPSET
METOJIUKY CIHSIHHSI MYJIbTHTHITHBIX JTaHHBIX,
omupasice Ha TPACK (Mishra & Koehler,
2006), xonaektuBu3M (Siemens, 2005) u 300y
onmxaiiero passutus (Vygotsky, 1978). 64
CTyA€HTa Y30EKHCTaHCKOTO TEXHUYECKOTO
yHUBEpCUTETa  OBUIM  pa3feNieHbl  Ha
KOHTPOJbHYIO TIpynmny (TOJBKO TEKCT) H
JKCIIEPUMEHTANBHYI0 ~ Tpymmy  (CIHsSHHE
MYJIBTUTUITHBIX JaHHBIX) [0 OJMHHAIATH
TeMaM Kypca. DKCIepUMEeHTaIbHas TPyMia B
cpenneMm HaOpana Ha 13,4 Gamna Gombiie (d
Kosna = 1,54, p < 0,001), Tpatuna na 22%
MEHBIIIC BpEMEHHU Ha OCBOCHHE KaKOU TEMBI,
u PE3YNbTATHI MOKa3aiu YETKYIO
3aKOHOMEPHOCTh: YCIIEBAEMOCTh pocjiia C
no0aBJIeHHEM Ka)KI0r0o HOBOT'O THUIA JAHHBIX -
oT r = 0,42 mist coueTaHust TEKCT+TabauIa 10
r = 0,67 [gumgd TOJHOTO  COYETaHHS
TeKCT-+Tabyuia+Busyai.

Onenku sxcneptoB (o Kponbaxa = 0,89)
U OT3BIBBI CTYJICHTOB TIOATBEPIUIN OTH
nudpel, XOTS dYacTb CTYIEHTOB OTMETHIA
OTJICbHBIC pa3Jelbl KaK IeperpyKeHHbIC
nH(popMannen, YTO yKa3bIBaeT Ha PEabHBIH
TpeJie TOTo, CKOJIBKO THUITOB JIAHHBIX MOYKHO
00BETUHATD OJTHOBPEMEHHO. Nubivu
CJIOBaMH, nearoruka CITASTHUS
MYJIbTUTUITHBIX JTaHHBIX paboTaeT, HO TpedyeT
kamOpoBkH. B 3akiroueHme  CTaThu
MIPUBOJIATCS KOHKPETHBIC PEKOMEHIAIIUN TSI
pa3paboTYUKOB  y4eOHBIX MporpamMm |
WHCTUTYLMOHAILHON MOJIUTUKH.
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Introduction. Digital technologies have moved into university curricula faster than teaching
methods have adapted to them. Cloud computing, cryptocurrencies and blockchain, artificial
intelligence, the Internet of Things, and platform-based business models are now standard course
content, and none of them explain well in plain prose alone. A lecture on cloud architecture needs
a comparison table of service models, a diagram of how the pieces fit together, and a market chart
showing who the major providers are; text by itself leaves gaps that students notice. This gap
between what the content demands and how it tends to get taught is what motivated the research
reported here.

Researchers working in multimodal learning analytics have spent the past several years
building frameworks for classifying and combining different kinds of educational data, text, video,
log files, physiological signals, and more (Mu, Cui, & Huang, 2020; Chango, Lara, Cerezo, &
Romero, 2022). A parallel line of work has produced validated instruments for measuring digital
competency among faculty and students (Moreira-Choez et al., 2024; UNESCO, 2018). Both
bodies of work are mature. Neither has been turned into a concrete teaching method for a specific
subject area such as digital technology instruction, and neither has been tested in Central Asia.

That gap matters in Uzbekistan specifically, where the "Digital Uzbekistan - 2030" strategy
has made digital-technology education a matter of state policy. Technical universities are expected
to produce graduates who understand cloud infrastructure, cryptographic systems, and Al well
enough to work with them professionally. Existing local research on the topic, including work by
Alimardonov, Abdullayev, and Rizayeva and several dissertations reviewed by the Higher
Attestation Commission, has focused on digital infrastructure and institutional strategy rather than
on the narrower question this paper takes up: how should text, tables, and visual material actually
be combined when teaching a digital-technology course?

Three problems follow from this. First, the fusion models built by MMLA researchers were
designed to interpret data collected about learners, not to guide how instructional materials
themselves should be built; almost nobody has tried using them the other way around. Second,
digital-competency instruments validated abroad have not been tested on Central Asian students.
Third, and most practically, nobody has worked out how much text, table, and visual content to
combine in a single lesson before it becomes too much rather than just right, a question this study’s
own data end up answering.

This study sets out to build and test a teaching method, grounded in multitype data-
processing principles, for digital-technology courses, with five specific aims: reviewing the
relevant international research and classical pedagogical theory; sorting out what kinds of

instructional data are actually used in this subject area; designing a fusion method that instructors
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could realistically apply; testing it experimentally against conventional text-only teaching; and
checking, through expert and student evaluation, whether the resulting materials hold up in
practice. What is new here is putting MMLA fusion theory to work as a design principle for
teaching materials rather than as an analytic tool, and doing so inside a real Uzbekistani classroom
rather than a hypothetical one.

2. Literature Review

2.1. Multimodal Data Fusion Theory

Mu, Cui, and Huang (2020) reviewed 346 studies on multimodal learning analytics using a
PRISMA-based method and sorted the data these studies used into five types: digital, physical,
physiological, psychometric, and environmental. More useful for present purposes, they described
three ways such data can be fused. Many-to-one fusion combines several data streams to pin down
a single indicator more precisely. Many-to-many fusion widens the overall picture rather than
sharpening one point in it. Cross-validation fusion uses one data type to check another. The many-
to-one idea maps directly onto the hypothesis tested here: that explaining one concept through text,
atable, and a visual at once should produce better understanding than any single format on its own.

Chango, Lara, Cerezo, and Romero (2022) broke fusion down further, into data-level,
decision-level, and feature-level integration, which matters because it shows that "combining
modalities™ is not one move but several possible ones, each happening at a different point in the
pipeline. The materials built for this study were fused at the feature level: each piece, text, table,
visual, was worked out on its own first and only combined afterward. Luo (2023) makes a related
point in passing, namely that digital-technology content is multimodal by nature, which means a
text-only lecture on, say, blockchain is already a mismatch between the subject and how it is being
taught. Later empirical work backs this up in classroom settings: Xu, Wu, and Ouyang (2023)
found multimodal analysis picked up far more about how students collaborate during pair
programming than text records alone would show, and Moon, Yeo, Banihashem, and Noroozi
(2024) and Yan et al. (2024) report similar gains for formative assessment and reflective practice.

2.2. Digital Competency Models and Classical Pedagogical Foundations

Moreira-Choez et al. (2024) surveyed 279 faculty members at an Ecuadorian university and,
using structural equation modeling, identified five competency factors: technological literacy,
information access and use, communication and collaboration, digital citizenship, and creativity
and innovation, with a reliability coefficient of a = 0.977. UNESCO’s (2018) ICT Competency
Framework for Teachers covers similar ground at a policy level, spelling out eighteen
competencies across three stages of technology integration. Zhu and Sun (2023) and Molenaar, de
Mooij, Azevedo, Bannert, Jarveld, and Gasevi¢ (2023) add evidence from the algorithmic side,
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showing that Al-driven personalization is now a normal part of how education gets delivered, not
a novelty.

The theoretical grounding for this study draws on several older ideas as well. Shulman
(1986) argued that good teaching requires a distinct kind of knowledge, neither pure subject
expertise nor generic teaching skill, about how to make specific content understandable. Mishra
and Koehler (2006) extended this into TPACK, framing effective technology-based teaching as
the interaction of technological, pedagogical, and content knowledge. That framing fits this study’s
central question closely: deciding how to fuse multitype data with a teaching sequence is, at
bottom, a TPACK problem applied to instructional-material design. Siemens (2005) argued,
through connectivism, that learning in networked environments is less about memorizing isolated
facts and more about building connections across scattered information, which supports the idea
that materials linking text to tables and visuals mirror the kind of cognitive work students are
already doing outside the classroom. Vygotsky (1978), through the zone of proximal development,
suggested that learning improves when support is pitched between what a student can already do
alone and what they can do with help, which is one way to read why visual and tabular entry points
might make otherwise dense material workable for more students. Bourdieu (1986) and Cowen
(2000) round this out: Bourdieu’s work on capital has been extended by later scholars into the idea
of "digital capital,” relevant here because lowering the barrier to technical content has equity
implications beyond test scores, and Cowen’s insistence on context-Sensitive comparative research
is the reason this study was run in an actual Uzbekistani classroom rather than assumed to
generalize from elsewhere.

2.3. Research Gap

Each of these three literatures, fusion theory, competency measurement, and classical
pedagogy, is well developed on its own. What is missing is a study that combines them into a
teaching method built specifically for digital-technology instruction and tests it somewhere other
than North America, Europe, or Latin America, which is where nearly all of the empirical work
cited above was actually conducted. That combination of a methodological gap and a geographic

one is what this study addresses.

3. Methodology

3.1. Design, Participants, and Instruments

The study used a quasi-experimental, pretest—posttest design with a nonequivalent control
group, run at the Department of Information Educational Technologies, Tashkent University of
Information Technologies, with 64 students enrolled in "Digital Technologies and Innovations."
Students were randomly split into a control group (n = 32, conventional text-only instruction) and
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an experimental group (n = 32, multitype fusion instruction). Table 1 shows the two groups were
comparable at the outset.
Table 1. Demographic characteristics of participants (N = 64)

Characteristic Control (n = 32) Experimental (n = 32)

Mean age (years) 19.8 (SD =0.9) 19.6 (SD =1.0)
Gender (M /F) 19/13 18/14
Baseline achievement score 54.2 (SD =8.1) 55.0 (SD =7.6)

An eleven-topic course resource was built, covering cloud computing, cryptocurrencies,
micromobility, ride-hailing, gig-economy platforms, on-demand services, short-term rentals,
smart-home and loT technology, Al and algorithmic systems, and digital inequality. The
experimental version paired text with at least one comparison table and several relevant visuals
per topic, following the many-to-one fusion logic from Mu et al. (2020); the control version
presented the same content as continuous text with nothing added. Four instruments captured
outcomes: a ten-item test given after each topic (summed to a 100-point score), a five-criterion
expert rating scale (clarity, text-visual coherence, practical applicability, consistency, overall
effectiveness) completed by five faculty members, and a student questionnaire adapted from the
CDES approach used by Moreira-Choez et al. (2024).

3.2. Procedure and Data Analysis

The study ran in three stages: preparing the materials and reviewing the literature, delivering
the eleven-topic course with instructional time and sequencing held constant across both groups,
and analyzing the resulting data. Group comparisons used independent-samples t-tests (o = .05) in
SPSS; questionnaire reliability was checked with Cronbach’s alpha; and Pearson correlation was
used within the experimental group to see how achievement related to which combination of data
types (text, text+table, text+visual, all three) each topic used.

3.3. Ethical Considerations

Participation was voluntary. Students were told the study compared two teaching approaches
but not which specific outcomes were being measured, to avoid skewing their responses. Both
groups received full, curriculum-aligned content that differed only in format, so nobody’s grade
was put at risk by group assignment. Data were anonymized before analysis, and the department
approved the study before it began.

4. Results, Analysis and Discussion

4.1. Baseline Equivalence and Achievement Outcomes
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A t-test found no meaningful difference between the two groups before instruction began

(t(62) =0.41, p = .68), so whatever showed up afterward could be attributed to the teaching method

ISSN:

rather than a head start. Table 2 summarizes what happened after the intervention.

Table 2. Post-intervention achievement outcomes by group

Indicator

Control

Experimental

2181-2802

61.4 (SD=9.3) 74.8 (SD=7.9) 6.17 <.001
"Excellent™ grade % 12.5% 40.6% - -
""Unsatisfactory'* grade % 21.9% 3.1% - -

Time to mastery (min) 47.3 36.8 4.52 <.001
Effect size (Cohen's d) - 1.54 - -

The experimental group came out 13.4 points ahead on average (p <.001, Cohen’s d = 1.54,
a large effect by any standard). "Excellent" grades tripled, from 12.5% to 40.6%, while
"unsatisfactory™ grades dropped from 21.9% to 3.1%, and students in the experimental group also
needed about 22% less time per topic. So the gains did not come at the cost of extra classroom
hours; if anything, students got there faster. The sharp drop in failing grades is worth sitting with:
it suggests the students who benefited most were the ones conventional text-only teaching was
already failing, which lines up with Vygotsky’s (1978) point that scaffolding, in this case tables
and visuals doing work that dense prose alone could not, extends how much material a student can
actually handle.

4.2. Data-Type Combinations, Expert Evaluation, and Student Perception

Within the experimental group, achievement rose steadily with each added data type (Table

3), peaking when all three were combined.

Table 3. Pearson correlations between data-type combinations and achievement (n =

32)
Data-type combination Pearson's r
Text + table 0.42 <.01
Text + visual 0.58 <.001
Text + table + visual 0.67 <.001

That steady climb, from 0.42 to 0.58 to 0.67, is a fairly direct confirmation of the many-to-
one fusion principle Mu et al. (2020) described, just applied in the opposite direction from how
they used it: instead of fusing data to measure learning more precisely, this study fused data to
produce more learning in the first place, and it worked. It also fits Siemens’s (2005) point about

learning as connection-building rather than fact absorption, since the materials that scored best
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were exactly the ones explicitly linking a claim in the text to a number in a table and a shape in a

diagram.

Table 4. Expert panel evaluation of instructional material (n = 5)

Criterion Mean rating (1-5)
Content clarity 4.6
Text-visual coherence 4.4
Practical applicability 4.7
Informational consistency 4.3
Overall effectiveness 4.5

The rating scale held together well (Cronbach’s a = 0.89), close to the 0.977 Moreira-Choez
et al. (2024) got with their CDES instrument, which is a reasonable sign that Likert-based
evaluation works consistently in this kind of research. Among students, 87.5% found the multitype
material more convenient than text alone, 78.1% said the visuals helped them understand faster,
and 65.6% pointed specifically to the tables as useful for comparing numbers across platforms.
But 15.6% also said some sections felt overloaded with information, and that complaint matters.
It suggests the many-to-one relationship is not a straight line all the way up: there is probably a
point past which adding more formats stops helping and starts overwhelming, which fits ordinary
cognitive load theory even though this study did not measure load directly. In other words, fusion
helps, but only up to a point that has to be judged carefully rather than assumed.

4.3. Summary

Put together, the results show that multitype fusion teaching produced real, statistically solid
gains in both how much students learned and how fast, that the size of the gain tracked closely
with how much fusion was used, and that experts and students largely agreed the material was an
improvement, with one specific caveat: cram in too many formats without care and it backfires.

5. Conclusion and Recommendations

This study built and tested a teaching method, based on multitype data-processing principles,
for digital-technology courses. Three things came out of it. First, the international literature on
multimodal learning analytics turned out to translate well into an actual instructional-design
method, something nobody had tried for this subject area before. Second, the classroom
comparison found a real, fairly large advantage for multitype instruction, 13.4 points higher on
average, 22% faster mastery, and a large effect size (d = 1.54). Third, that advantage scaled with
how much fusion was used, up to a point where too much information density started working
against students rather than for them.

5.1. Practical Recommendations
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A few things follow from this. Institutions teaching digital technology should treat text-table-
visual integration as a standard requirement for course materials, not an optional extra. Each topic
should include at least one comparison table and several relevant visuals tied directly to the text.
Materials should separate core content from optional deeper material, so students who are already
overloaded are not forced through everything at once. Instructors need some TPACK-informed
training in how to build this kind of material well, since it is not intuitive to everyone. And
institutions evaluating course materials should use structured rating rubrics like the one tested here,
which held up reliably (o = 0.89).

5.2. Limitations and Future Research

This was one department, one university, 64 students, so the numbers should not be over-
generalized to all of Uzbekistan or Central Asia without further testing. The design was quasi-
experimental rather than fully randomized, given practical constraints on how classes could be
assigned, and outcomes were measured over one semester with no follow-up later on. The
informational-density problem was picked up through student self-report rather than any direct
measure of cognitive load, so the exact threshold where fusion stops helping remains a guess rather
than a measured fact. Future work should repeat this across more institutions and students, add
longer-term follow-up, measure cognitive load directly to pin down that threshold, and check
whether any of this holds for subjects outside digital technology.

The core finding, though, seems solid: fusing text, tables, and visuals in a deliberate way
improves how well students learn technically dense material, it does so without costing extra class
time, and it seems to help the students who need it most.

References:

1. Bourdieu, P. (1986). The forms of capital. In J. Richardson (Ed.), Handbook of theory
and research for the sociology of education (pp. 241-258). Greenwood.

2. Chango, W., Lara, J. A., Cerezo, R., & Romero, C. (2022). A review on data fusion
in multimodal learning analytics and educational data mining. WIREs Data Mining and
Knowledge Discovery, 12(4), e1458. https://doi.org/10.1002/widm.1458

3. Cowen, R. (2000). Comparing futures or comparing pasts? Comparative Education,
36(3), 333-342.

4. Luo, H. (2023). Editorial: Advances in multimodal learning: Pedagogies,
technologies, and analytics. Frontiers in Psychology, 14, 1286092.
https://doi.org/10.3389/fpsyq.2023.1286092

5. Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge:
A framework for teacher knowledge. Teachers College Record, 108(6), 1017-1054.

180


http://www.supportscience.uz/index.php/ojp/about

ORIENTAL JOURNAL OF PHILOLOGY ISSN: 2181-2802

6. Molenaar, 1., de Mooij, S., Azevedo, R., Bannert, M., Jarveld, S., & Gasevi¢, D.
(2023). Measuring self-regulated learning and the role of Al: Five years of research using
multimodal multichannel data. Computers in  Human Behavior, 139, 107540.
https://doi.org/10.1016/j.chb.2022.107540

7. Moon, J., Yeo, S., Banihashem, S. K., & Noroozi, O. (2024). Using multimodal
learning analytics as a formative assessment tool: Exploring collaborative dynamics in
mathematics teacher education. Journal of Computer Assisted Learning, 40(6), 2753-2771.

8. Moreira-Choez, J. S., Gomez Barzola, K. E., Lamus de Rodriguez, T. M., Sabando-
Garcia, A. R., Cruz Mendoza, J. C., & Cedefio Barcia, L. A. (2024). Assessment of digital
competencies in higher education faculty: A multimodal approach within the framework of
artificial intelligence. Frontiers in Education, 9, 1425487.
https://doi.org/10.3389/feduc.2024.1425487

9. Mu, S., Cui, M., & Huang, X. (2020). Multimodal data fusion in learning analytics:
A systematic review. Sensors, 20(23), 6856. https://doi.org/10.3390/520236856

10. Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching.
Educational Researcher, 15(2), 4-14.

11. Siemens, G. (2005). Connectivism: A learning theory for the digital age.
International Journal of Instructional Technology and Distance Learning, 2(1), 3-10.

12. UNESCO. (2018). ICT competency framework for teachers (Version 3). UNESCO
Publishing.

13. Vygotsky, L. S. (1978). Mind in society: The development of higher psychological
processes (M. Cole, V. John-Steiner, S. Scribner, & E. Souberman, Eds.). Harvard University
Press.

14. Xu, W., Wu, Y., & Ouyang, F. (2023). Multimodal learning analytics of
collaborative patterns during pair programming in higher education. International Journal of
Educational Technology in Higher Education, 20(1), 8. https://doi.org/10.1186/s41239-022-
00377-z

15. Yan, L., Echeverria, V., Jin, Y., Fernandez-Nieto, G., Zhao, L., Li, X., Alfredo, R.,
Swiecki, Z., Gasevi¢, D., & Martinez-Maldonado, R. (2024). Evidence-based multimodal learning
analytics for feedback and reflection in collaborative learning. British Journal of Educational
Technology, 55(5), 1900-1925.

16. Zhu, Z., & Sun, Y. (2023). Personalized information push system for education
management based on big data mode and collaborative filtering algorithm. Soft Computing, 27,
10057-10067. https://doi.org/10.1007/s00500-023-08213-w

181


http://www.supportscience.uz/index.php/ojp/about

ORIENTAL JOURNAL OF PHILOLOGY ISSN: 2181-2802

17. Alimardonov, ..., Abdullayev, ..., & Rizayeva, ... Ragamli texnologiyalardan ta’lim
tizimida foydalanish masalalari. TSUE ilmiy maqolalar to‘plami.

18. Ragamli texnologiyalar: mohiyati va o‘ziga xosligi. Universal Publishings ilmiy
jurnali.

19. O‘zbekiston Respublikasi Oliy ta’lim, fan va innovatsiyalar vazirligi huzuridagi
Oliy attestatsiya komissiyasi. Ragamli transformatsiya sharoitida ta’lim platformasini yaratish

metodikasi. Dissertatsiya avtoreferati.

182


http://www.supportscience.uz/index.php/ojp/about

