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Abstract. This study presents a personalized learning feedback system driven
by a lexical semantic network, tailored for low-resource language education with
a focus on Kazakh-language instruction. At its core is an error-triggered review
process: when a learner answers an assessment item incorrectly, semantic textual
similarity (STS) embeds the learner’s response and canonical solutions, retrieves
concept-linked lecture snippets and micro-drills, and prioritizes targeted remediation
over traditional scoring. Educational content is modeled through a tripartite Term—
Lecture—Assessment (TLA) chain that provides traceable mappings from tested
concepts to remediation actions, while review tasks are scheduled according to
forgetting-curve principles so that spacing adapts to observed similarity trends. To
enable robust semantics, we translated the SemEval STS Benchmark into Kazakh
(STSb-kk) and developed a Kazakh Natural Language Inference corpus (NLI-
kk). Experiments show that LaBSE, fine-tuned in two stages (NLI-kk then STSb-
kk), achieves a Pearson correlation of 84.72% on STSb-kk, supporting reliable
similarity-based retrieval at classroom scale. We further constructed a WordNet-

147



Academic Scientific Journal of Computer Science

style lexical resource for Kazakh via translation to encode synonymy, hypernymy,
and prerequisite relations; this supports lateral and vertical expansion of practice
after an error. While STS is not suited to grading complex open-ended responses,
it excels at auditable, low-latency search and recommendation in constrained
computing environments. The system offers a scalable framework for personalized
remediation, an adaptive scheduler that tightens or widens intervals based on
performance signals, and applicability beyond language learning to disciplines
such as mathematics and physics. Future enhancements will integrate multimodal
materials, real-time difficulty adaptation, and expanded domain-specific term
inventories.

Key words: lexical semantic network, semantic textual similarity, personalized
feedback, adaptive review, Kazakh, closed-loop learning
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Annotaumusi. Byn 3eprrey pecypcrapsl mekTeym Tinmik OiniMm  Oepyre
OeliMIeNITeH, Ka3aK TUTIHJErT OKBITYAbl HBICAHAaFa ajfaH JIGKCUKAJIBIK-
CEMaHTHKAJIBIK KEJIIre HEeTI3JCNTeH JKEKSJICHIIPIITEeH OKYyAbIH Kepi OailylaHbIC
KYWECIH TaHBICThIpaabl. JKyHeHIH 63eriHje KaTeliKIeH ICKe KOCBUIAThIH
KaliTanay ynepici Oap: Oimim amymisl Oaranay TapMmarblHa KaTe jkayan OepreH
Ke3Jle, CEMaHTUKAJIBIK MOTiHAIK yKcacThK (STS) OinmimM amymbiHBIH SkayaOblH
YKOHE JTAJOH LICHIIMJIEpiH eHJipMernepre TYPJICHIIpiN, YFhIMMEH OaiijlaHbICKaH
Jopic Y3iHAUIEpiH MEH MHKpPO-KATTBIFYIapibl i37en Tabaabl KOHE JocTypii
Oara KOKJIaH T'epi MaKcarThl TY3eTydl aiFa Kosibl. OKy Ma3MyHBI TEKCEpiIreH
VFBIMJIAp/IaH TY3ETY OpEKeTTepiHe JIEHIHT1 TPacCajbUIBIKThI KAMTaMachl3 ETCTiH
yir kypamabl Tepmun—/lopic—baranay (TLA) Ti30eri apKbulbl MOJEIbACHEI, all
KaiiTajay TalrchlpMallapbl YMBITY KHCBHIFbI KaFuJaTTapblHA Cail >KOCIAPIIaHBIIL,
apanbIKTap OaliKallFaH YKCaCThIK TpeHATepiHe Oeliimaeneni. Kymiti ceMaHTHKaHbBI
KaMmTaMachi3 ety yiriH 0i3 SemEval STS Benchmark nepexrep »KUBIHTBIFBIH Ka3aK
tiniHe aymapasik (STSb-kk) xone ka3ak TijiHe apHanFaH TaOWFH TUIK TaibIMIay
koprycbiH (NLI-kk) o3ipnenix. Dxcnepumentrep LaBSE mozpenin exi keszeHze
(anmgpimen NLI-kk, weitin STSb-kk) sxerinmiprenme STSb-kk >xubIHTHIFBIHIA
Pearson xoppemsiiusicein 84,72% JeHreiiHe KOPCETETIHIH aWKbIHIAABI, Oyl
CBIHBIN ayKBIMBIHJA YKCACTBIKKA HETI3MIENITCH 13/ICY/IiH CEHIMIUIIrH KOJIau/Ibl.
Bynan Genex, kazak Timi ymin WordNet ynriciHaeri JIeKCHKaJbIK pecypc ayaapMa
APKbLUIBI KYPBUTBIIT, CHHOHHUMHS, TUIIEPHUMUS )KOHE IPEPEKBU3UTTIK KAThIHACTAP/IBI
KOJITAMJIbl, OYJI KATENIKTeH KEHIHrT TOXipuOeHI KeyJieHEeH Jie, TIK T¢ KEeHeHTyre
MYMKiHIIK Oepeni. STS kypaeni amibIK skayanTapasl Tikesel Oaraiayra KOJaiibl
OonMaraHbIMEH, IIEKTEYIl ecenTey KaraaliapblHaa ayIuTTeNeTiH, Kilipici ToMeH
i3Iy MEH YCBIHBIMJA Y3IIK HOTHXeNiep Oepeni. ¥ CHIHBUIBIIT OTBIPFAH IKyke
JKEKEIJICH/TIPIITeH TY3eTyTe apHAJIFaH ayKbIMJIbI TYFBIP/IbI, OHIMILUTIK CUTHAJIIApbIHA
Kapail WHTepBaJJapibl TapbUITHIT/KCHEHTETIH OCHIMIIEIETIH KOCHapIaFbIIIThI
JKOHE T YHPEHY/ICH ThIC MaTeMaThKa MEH (PU3UKa CHUSKTHI IOHJIEPre KOJJIaHbLTY
MYMKIHJITiH YChIHaABI. Bonanmak sketinaipynaep MyIbTHMOIAIbAbI MaTepHaAap bl
OipikTipyni, KYpHACMUTIKTI HAaKTBl YakbITTa OeHimMaeyli >KoHEe MoHre Toyesi
TEPMUH/ICP KOPBIH KEHEUTY I KAMTHIbI.

Tyiin ce3mep: JEKCUKAIBIK-CEMAHTUKAJIBIK KNI, CEMAaHTHKAIIBIK MOTIHJIK
YKCAaCTBIK, JKEKEJICH IIPUITeH Kepi OaiiaHbic, OeHiMIeNreH KalTanay, Ka3ak Tii,
KaOBIK UK OKBITY
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AnHoTanus. JlaHHOEe MccieqoBaHHE MPEACTABISCT NEPCOHATU3UPOBAHHYIO
cucTeMy Y4eOHOH OOpaTHOW CBSI3M Ha OCHOBE JIGKCHKO-CEMAHTHYECKOH CETH,
OPHEHTHPOBAaHHYI0O Ha OOyYeHHE B YCJIOBHSX OTPaHUYCHHBIX PECYpCOB C
(oKyCcOM Ha Ka3axCKHiH s3bIK. B 0CHOBe — mporecc MOBTOPEHUS, 3alyCKaeMbli
OMOKOM: MPXU HEBEPHOM OTBETE METPHUKA CEMaHTHUYECKOTO TEKCTOBOTO CXOZCTBA
(STS) npeobpa3yer oTBET 00yUarOMIETrOCs U 3TAJOHHOE PelieHUE B AIMOCIIUHTH,
W3BJICKACT CBSI3aHHBIC C MOHATHEM (PAarMEHTHI JEKUUH U MHUKPOYIPAXHEHUS U
OT/IaeT MPUOPHUTET aAPECHON peMeAnaly Tepe]] TPaIUIUMOHHBIM BBICTABICHUEM
0amioB. Y4eOHBIH KOHTEHT MOJACIHPYETCsS TPEX3BEHHOH Ienoukoil «Tepmun—
Jlekums—OuenuBanue» (TLA), oOecrnieunBaronieii TpaccupyeMble COOTBETCTBUS OT
MPOBEPSEMBIX MOHSATHH K KOPPEKTUPYIOLUINM JCHCTBHUIM; 3aJaHHsl Ha TIOBTOPCHHE
IUTAHUPYIOTCS TI0 MPUHIMIIAM KPHUBOW 3a0bIBaHMs C ajanTaluell MHTEpBaJIOB
K HaOnofaeMbIM TpeHIaM cXoAcTBa. [l Hale)KHOW CEMaHTHKH MBI IEpeBeNn
sranon SemEval STS na kazaxckuii s3bik (STSb-kk) m pazpabortanu kopmyc
ecTecTBEHHO-3bIKOBBIX BbIBOAOB (NLI-kk). B skcnepumentax momens LaBSE,
nooOyuenHast o ApyxatanHoii cxeme (NLI-kk — STSb-kk), nocturna xoppensuun
[Mupcona 84,72% na STSb-kk, moxrBepkaas Ha/IeKHOCTh IIOUCKA 110 CXOACTBY Ha
MacmTabe aynutopuu. JomomuurensHo co3nan WordNet-nmogoOHblid pecype s
KOAMPOBAaHHUS CHUHOHUMHH, THIIEPHUMHH M TNPEPEKBU3UTOB, YTO IMOJACPKUBACT
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TOPHU30HTAIBHOE U BEPTUKAIHHOE PACIINPEHHE TIPAKTUKH TTocIie omrOKu. XoTst STS
HE TIpeIHa3HaYeHAa JJ1s1 OLICHUBAHUS CIIOKHBIX OTKPBITHIX OTBETOB, OHA 3(p(pekTHBHA
JUTSL ayIUPYEMOT0, HU3KOJIATCHTHOTO TIOUCKA U PEKOMEHIAITNI MPU OTPaHUYCHHBIX
BBIYHCIUTEIBHBIX pecypcax. Cuctema mpemaraeT MaciTabHpyeMyio OCHOBY,
AJIaNTUBHBIA  TUIAHUPOBINMK, CYXXAIOWUA WA PACIIUPAIONIMNA  HWHTEpPBAJIbI
[0 CHTHAJlaM YCIIEBaeMOCTH, H TPHUMEHHMa 3a TpefesiaMH  SI3BIKOBOTO
oOy4eHHs, HarpuMep K mMaremartuke u (u3uke. B mepcrektnBe — HHTErparus
MYJIbTUMOJANBHBIX MaTepUajIoB, aJalTalus CIOKHOCTA B PEAIbHOM BPEMEHU U
pacinpCHUEC TCPMUHOJIOTHYCCKUX HHBGHTapeﬁ.

KutoueBble ci10Ba: JTEKCHKO-CEMaHTHYECKasi CETh, CEMAaHTHUYECKash TEKCTOBAs
CXOXKECTh, TEPCOHAIM3NUPOBAHHAA OOpaTHas CBs3b, AJaNTHBHOE ITOBTOPEHHE,
Ka3aXCKHUH SI3bIK, 00yYeHHE C 3aMKHYTHIM ITHKJIOM

Introduction. The rapid advancement of educational technologies has catalyzed
a shift toward personalized learning systems that address individual learner needs,
particularly in low-resource language education. Low-resource languages, such as
Kazakh, face significant challenges due to limited linguistic resources, including
sparse corpora and underdeveloped semantic tools like WordNet. Traditional
feedback mechanisms in educational systems often rely on binary correctness
scoring, which fails to diagnose underlying knowledge deficits or provide targeted
remediation, resulting in fragmented learning experiences. This issue is particularly
acute in low-resource language contexts, where the absence of structured knowledge
bases hinders the delivery of contextually relevant feedback.

This research introduces a personalized learning feedback system driven by a
lexical semantic network, de- signed to address these challenges through an error-
triggered recommendation mechanism. When a learner answers an assessment item
incorrectly, the system extracts associated terms, retrieves semantically related
content using semantic textual similarity (STS), and schedules review tasks based
on forgetting-curve principles. A translated WordNet-style lexical semantic resource
for Kazakh, supplemented by datasets such as STSb-kk and NLI-kk, enables robust
semantic modeling in a low-resource context. Unlike traditional systems focused on
grad- ing, our approach prioritizes content retrieval and adaptive scheduling, forming
a closed-loop learning framework that is computationally efficient and scalable.

The contributions of this study are threefold:

1. Formalized Semantic Modeling: We define a tripartite Term—Lecture—
Assessment (TLA) chain to structure educational content, enabling traceable and
semantically grounded retrieval.

2. Adaptive Scheduling Algorithm: We develop an algorithm that integrates
similarity trends, error fre- quency, and memory decay to dynamically prioritize
review tasks.

3. Low-Resource Language Validation: We validate the system’s efficacy in
Kazakh-language education and demonstrate its potential for cross-disciplinary
applications through rigorous experiments.
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This paper is organized as follows: Section 2 reviews related work on ontology-
based systems, semantic mod- els, and content modeling. Section 3 details the
system design, including semantic modeling and scheduling strate- gies. Section 4
explores application scenarios in Kazakh and other disciplines. Section 5 presents
experimental methodology and results, followed by conclusions and future
directions in Section 6.

2 Related Work

2.1 Ontology- and Concept-Based Learning Systems

Ontology-based educational systems model knowledge as interconnected
concepts, facilitating navigation, prereq- uisite alignment, and personalized
remediation. Novak’s concept mapping framework highlighted the role of structured
knowledge representations in enhancing learning outcomes. Recent advancements
have in- tegrated semantic networks like WordNet or DBpedia to support content
recommendation. For example, Fernandez et al. proposed an ontology-based system
that aligns learning resources with learner needs. Our work extends this paradigm
by focusing on error-triggered recommendations, using STS to retrieve relevant
con- tent and drills, creating a dynamic feedback loop tailored to learner errors.

2.2 Semantic Learning Models: Comparison and Positioning

Traditional keyword-based matching in educational recommendation systems
struggles to capture deep semantic relationships, leading to suboptimal content
relevance [6, 11]. Semantic textual similarity (STS) models, such as Sentence-
BERT (SBERT) [6] and LaBSE [8], encode text into embeddings that reflect
semantic content, of- fering robust performance in retrieval tasks. Large language
models (LLMs) like BERT and RoBERTa excel in open-ended reasoning but are
computationally expensive and challenging to calibrate for real-time classroom ap-
plications [3]. STS-based pipelines, as demonstrated by Cer et al. [1] and Herbold
[11], provide low-latency, resource-efficient retrieval, making them ideal for
scalable educational systems. Our system leverages STS to drive a recommendation
engine activated by learner errors, balancing semantic precision with computational
efficiency.

2.3 Educational Content Modeling

Effective semantic modeling of educational content requires defining terms, their
interrelations, and mappings to instructional resources. Terms are annotated with
canonical definitions, surface variants, and usage examples, while relations (e.g.,
synonymy, hypernymy, meronymy) form a semantic network. Memory and spacing
research, including Ebbinghaus’s forgetting curve [13] and subsequent studies
[14, 17, 18], informs our scheduling policy, which adapts review intervals based
on similarity trends and error patterns. This approach contrasts with traditional
systems that rely solely on correctness metrics, offering a more nuanced assessment
of learner mastery.

3 Materials and Methods

3.1 Educational Content Semantic Modeling

3.1.1 Term Definition and Annotation
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Each course defines a term inventory, where each term is a core concept with a
canonical definition, surface variants (e.g., synonyms, morphological forms), and
contextual usage examples. For example, in a Kazakh morphology course, the term
“kitan” (book) is linked to its possessive form “kitanteiy’ and associated with
specific lecture segments and assessment items. This structured annotation ensures
traceability from assessment errors to relevant instructional content.

3.1.2 Semantic Relations Among Terms

Terms are interconnected through typed relations:

Synonymy: E.g., “kitan” and “6et” in specific contexts.
Hyponymy/Hypernymy: E.g., “suffix” as a hypernym of “possessive suffix.”
Meronymy: E.g., “stem” and “suffix” as parts of a “word.”

Prerequisite: E.g., understanding “noun stem” precedes “possessive suffix.”

These relations, encoded in a lexical semantic network, enable lateral (related
terms) and vertical (prerequisite or hierarchical terms) expansion of review tasks
following an error.

3.1.3 Term—Lecture—Assessment Chain

The course content is modeled as a ftripartite graph, the Term—Lecture—
Assessment (TLA) Chain, where:

Terms represent core concepts.
Lectures are annotated with covered terms.
Assessment Items are tagged with tested terms.

When a learner answers an item ¢ incorrectly, the system extracts the bound
term set 7'(q) and uses it as a query seed for content retrieval.

3.2 Similarity-Triggered Scheduling Strategy

The scheduling strategy operates as follows:

1. Error Detection: When a learner answers item ¢ incorrectly, the system
identifies 7'(q), the set of terms bound to g.

2. Semantic Similarity Computation: The learner’s answer and canonical
solution (or term definitions) are encoded into a shared embedding space using a
pre-trained model (e.g., LaBSE). Cosine similarity is com- puted:

- ) Vi V3
sim (v,,v,) = ———
N AT

where v, is the embedding of the learner’s answer, and v, is the embedding of the
canonical solution or term definition.

3. Content Retrieval: A similarity threshold & (e.g., 0.7) determines whether
related terms, lectures, or drills are retrieved. If sim(v,, v,) > 0, associated content
is added to the scheduling queue.

The scheduling priority for a term ¢ is calculated as:

P()y=w, -sim(t, T(q)) +w, E(t) +w, - F (1)

where:
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sim(z, T'(g)): Similarity between term ¢ and the bound terms of item ¢.
E(?): Number of errors associated with term ¢.
F (9): Forgetting-curve decay factor, defined as:
F@) =e™-At/7)
where At is the time since the last review of term ¢, and 7 is a forgetting time
constant (e.g., 7 days).
w,, w,, w,: Weight parameters, empirically set to 0.4, 0.3, and 0.3, respectively.

3.3 Recommendation Engine Logic

The recommendation engine maintains a priority queue for review tasks, with
the following workflow:

1. Task Generation: Tasks are generated based on the priority P (¢), including
lecture snippets, reading mate- rials, and micro-drills.

2. Task Scheduling: Tasks are prioritized and pushed to the learner’s interface.
Scheduling intervals are ad- justed dynamically: increasing similarity trends widen
intervals, while declining trends tighten them.

3. Progress Tracking: Task completion is logged, updating term mastery
estimates based on correctness, similarity, and time elapsed.

Algorithm 1 Similarity-Triggered Task Scheduling

1: Input: Incorrect item ¢, term set 7' (g), learner answer a, canonical
solution s

: Output: Scheduled review tasks

: Encode @ and s into embeddings v,V

: for each term ¢ € T'(¢) do

: Compute sim(v, v)) using cosine similarity

sif sim(v, v) > 0 then

: Retrieve lecture snippets and drills for ¢

8: Compute priority P (£) =w, - sim(t, T (q)) +w, - E(t) + w, - F ()
9: Add tasks to priority queue

10: end if

11: end for

12: Sort queue by P (¢)

13: Push top-£ tasks to learner interface

NN B W N

4 Application Scenarios

4.1 Kazakh Language Course

In a Kazakh morphology course, terms such as “kitan” (book) and “possessive
suffix” are defined and linked to lecture segments and assessment items. For
example, if a learner incorrectly answers the item “What is the possessive form of
‘kitam’?”, the system:
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1. Extracts the bound term “possessive suffix.”

2. Computes cosine similarity between the learner’s answer and canonical
content.

3. Retrieves related materials, such as Lecture 5 (Possessive Morphology) and
drills (e.g., “yit” — “y#ain”).

4. Schedules a personalized review task list and tracks progress.

Table 1- Kazakh Course Example: Term-to-Task Mapping

Review Task (Kaiitainama

Term (Ka3zakma) Lecture (dapic) ranchipwa)
. Lecture 1: Noun Basics / Jlopic 1: 3ar Drill: Stem Identification /
KiTar . . g S
€cIM Heri3zepi XKarreiry: TyOipai ansikTay

Lecture 5: Possessive Morphology
/ Mopic 5: Lnik cenTiriHig
MOP(OIOTHSICHI

Possessive Suffix /
ik xanrays

Examples: kitanteiH, yitaiy /
Meicangap: KiTanTsIH, YHIIH

4.2 Extension to Other Disciplines

The system is extensible to other domains:

. Mathematics: For an incorrect answer on “Calculate the vertex of a quadratic
function,” the system retrieves lecture snippets on parabola properties and related
drills.

- Physics: For an error on “Apply Newton’s Second Law,” the system
recommends foundational mechanics lectures and exercises (e.g., F = ma
applications).

5 Datasets and Translation Resources

5.1 Natural Language Inference (NLI)

We translated the SNLI dataset [2] to create NLI-kk, supporting entailment,
contradiction, and neutral relations in Kazakh. This dataset enhances sentence pair
representation learning and improves STS fine-tuning.

Table 2 - NLI-kk Dataset Examples

Premise (Asrpimapr) Hypothesis (Bomkam) :;:if):l (Kayan
Epm-3a1:11,1nrmnap KillIkeRTaHl YIbIMEH 6ipre OrGach chiprra.
JKaFakaii/ia TOJIKBIH KybIIT OfHAII XKYp Entailment
(A couple play in the tide with their young son) | (The family is outside.)
Epni-3al“:11,1nTmJ1ap KimKeH”{aI‘/’I yibIMeH Oipre OT6acH TEMATBICT.
JKarakaii/ia TOJIKBIH KybIIT OfHaII XKYp Neutral
(4 couple play in the tide with their young son) | (The family is on vacation.)
Epni-saii - = - ..
;:;;;Zgl;: ?:)I;IESH ilmbf;};;?{zn ¥;:HM€H Oipre OT0achl KeIIKi ac imryre oThIp.
Y i The familv is sittine d —1 Contradiction
. . . . tt
(4 couple play in the tide with their young son) glimfe{fjml y is sitting down for
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5.2 Semantic Textual Similarity (STS)
The SemEval STSb dataset [1] was translated into Kazakh (STSb-kk) using the

Google Cloud Translation API, yielding 8628 sentence pairs with similarity scores
in [0, 5].

Table 3- STSb-kk Dataset Examples

Sentence 1 (Ceoiijiem 1) Sentence 2 (Ceoiiiem 2) Score (bara)
. . . Oye yIIarbl YIIBIN Keneni. (An air
Ymax yusin keneni. (4 plane is taking off.) plane is taking off) 5
Ep agmam tamakransin xateip. (The man is | Ep agam tamax imin oteip. (4 man is 46
eating.) eating food.) )
Tept ut kapaa typ. (Four dogs stand in the | Kapna oifnar >xypreH Tept ut. (Four 36
snow.) dogs playing in the snow.) )
Bip oiten arka miHin kene xateip. (A woman | Ep agam atka mineni. (4 man rides a 28
is riding a horse.) horse.) )
. . L . Ep anam iforamen aitHanbicajel. (4
[oiteI3 xKypin KaTeIp. (A train is moving.) man is doing yoga.) 0

Table 4 - STSb Dataset Statistics (English Original)

Type Train Valid Test Total
News 3299 500 500 4299
Titles 2000 625 625 3250
Forums 450 375 254 1079
Total 5749 1500 1379 8628

uuuuuuuu

"Bip anam at MiHin xyp" [0.188457 0.17425622 ...
"Bip agam aTTbIH ycTiHAe Xyp" [0.1676641 -0.04720686 ...]
"Bip Kbla GaTnbipaybiH YLLbIPbIN #Kyp" [0.22689256 -0.0308905 ...

K "
/’w/;"

I
,;v P4

Figure 1- Pipeline for Computing Semantic Similarity in Kazakh Text

5.3 Score Interpretation

Table 5- STS Score Descriptions

Score Description

5 Sentences are essentially identical in meaning.
4 Highly similar, differing only in minor details.
3 Share core information but diverge in aspects.
2 Partial thematic overlap, not equivalent.

1 Broad topic overlap, substantial differences.

0 Entirely unrelated topics.
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5.4 Lexical Semantic Resource

A WordNet-style lexical semantic resource for Kazakh was translated to support
term relations and retrieval. Due to its scale, manual validation is lighter than for
STSb-kk and NLI-kk.

6 Experimental Methodology

6.1 Models

We evaluated multilingual BERT, SBERT, RoBERTa-XLM, LaBSE, and
SimCSE [3, 6, 7, 8, 9] to obtain robust sentence embeddings for Kazakh text.

6.2 Training Strategies

Training strategies included:

1. Direct fine-tuning on STSb-kk via regression.

2. Sequential fine-tuning: classification on NLI-kk followed by regression on
STSb-kk [2].

Cosine similarity was used for STS scoring [10, 11], with a threshold = 0.7 and
weights w = 0.4, w, = 0.3,

w,=0.3.

7 Results

7.1 Performance on STSb-kk

Table 6 - Experimental Results on STSb-kk Test Set

Model Pearson (%) Spearman (%)
Without Fine-Tuning on STSb-kk
BERT 78.06 79.96
LaBSE 77.64 77.48
SBERT 70.35 71.73
RoBERTa-XLM 69.09 71.3
Fine-Tuning on STSb-kk
BERT 80.89 80.71
LaBSE 83.52 83.26
SBERT 73.27 73.15
SimCSE 74.26 74.12
RoBERTa-XLM 76.6 76.52
First NLI-kk, Then STSb-kk

BERT 82.25 82.24
LaBSE 84.72 84.72
RoBERTa-XLM 82.3 82.3

The LaBSE model with two-stage fine-tuning achieved the highest correlation
(Pearson 84.72%, Spearman 84.72%) on STSb-kk, confirming its suitability for
similarity-based retrieval in low-resource settings. These embeddings power the
system’s error-triggered review mechanism.
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7.2 Why Recommendation Over Grading

Using STS for retrieval directly addresses the question of what to learn next after
an error, offering a more ac- tionable intervention than grading alone. Compared
to generative feedback systems, similarity-based retrieval is auditable, low-latency,
and aligns well with the TLA structure, scaling effectively under computational
con- straints.

7.3 Spacing and Mastery Trends

Scheduling is driven by similarity trends rather than correctness alone. Rising
similarity across attempts widens review intervals, while declining similarity
tightens them [13, 14, 17, 18]. This integration of memory science and semantic
evidence enhances the timeliness and relevance of review tasks.

8 Discussion

8.1 Terminology Usage Example

In a Kazakh morphology unit, terms such as “kitan” (book), “suffix,” and “case
markers” are defined. Each quiz item is bound to one or more terms. Upon an
error, the bound term set is activated, and STS retrieves the most semantically
aligned lecture snippets and micro-drills illustrating the specific concept, such as a
possessive suffix conflict.

8.2 Tracking Learning Progress

For each term, we track correctness, similarity trends, and time since last
practice. Mastery is inferred from these signals, and the user interface displays
per-term mastery bars, recommending the next best action based on current deficits.

8.3 Generating Personalized Recommendations

When a learner misses an item on possessive suffixes, the engine retrieves: (1)
a short lecture clip defining the suffix; (2) examples contrasting near-confusable
forms (e.g., “kitan” — “kitanTsig’); (3) two or three micro-drills. If similarity
remains low on follow-up attempts, the system expands to prerequisite terms (e.g.,
noun stems) via semantic relations.

9 Conclusion

This study reframes semantic modeling in education around error-triggered
recommendations, leveraging a lexical semantic network to operationalize a closed-
loop learning framework. The TLA chain, coupled with STS-driven retrieval and
forgetting-curve-based scheduling, ensures precise and timely interventions.
Experiments validate the system’s efficacy in Kazakh-language education, with
LaBSE achieving superior performance on STSb-kk. The system’s scalability,
low-resource adaptability, and cross-disciplinary potential position it as a versatile
solution for personalized learning.

Future work will focus on:

1. Expanding domain-specific term inventories for broader curricula.

2. Integrating multimodal content, such as videos and interactive exercises.

3. Developing real-time difficulty adaptation algorithms to adjust task
complexity dynamically.
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