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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-
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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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Аннотация. Бұл зерттеу ресурстары шектеулі тілдік білім беруге
бейімделген, қазақ тіліндегі оқытуды нысанаға алған лексикалық-
семантикалық желіге негізделген жекелендірілген оқудың кері байланыс 
жүйесін таныстырады. Жүйенің өзегінде қателікпен іске қосылатын 
қайталау үдерісі бар: білім алушы бағалау тармағына қате жауап берген 
кезде, семантикалық мәтіндік ұқсастық (STS) білім алушының жауабын 
және эталон шешімдерін ендірмелерге түрлендіріп, ұғыммен байланысқан 
дәріс үзінділерін мен микро-жаттығуларды іздеп табады және дәстүрлі 
баға қоюдан гөрі мақсатты түзетуді алға қояды. Оқу мазмұны тексерілген 
ұғымдардан түзету әрекеттеріне дейінгі трассалылықты қамтамасыз ететін 
үш құрамды Термин–Дәріс–Бағалау (TLA) тізбегі арқылы модельденеді, ал 
қайталау тапсырмалары ұмыту қисығы қағидаттарына сай жоспарланып, 
аралықтар байқалған ұқсастық трендтеріне бейімделеді. Күшті семантиканы 
қамтамасыз ету үшін біз SemEval STS Benchmark деректер жиынтығын қазақ 
тіліне аудардық (STSb-kk) және қазақ тіліне арналған табиғи тілдік пайымдау 
корпусын (NLI-kk) әзірледік. Эксперименттер LaBSE моделін екі кезеңде 
(алдымен NLI-kk, кейін STSb-kk) жетілдіргенде STSb-kk жиынтығында 
Pearson корреляциясын 84,72% деңгейінде көрсететінін айқындады, бұл 
сынып ауқымында ұқсастыққа негізделген іздеудің сенімділігін қолдайды. 
Бұдан бөлек, қазақ тілі үшін WordNet үлгісіндегі лексикалық ресурс аударма 
арқылы құрылып, синонимия, гипернимия және пререквизиттік қатынастарды 
кодтайды; бұл қателіктен кейінгі тәжірибені көлденең де, тік те кеңейтуге 
мүмкіндік береді. STS күрделі ашық жауаптарды тікелей бағалауға қолайлы 
болмағанымен, шектеулі есептеу жағдайларында аудиттелетін, кідірісі төмен 
іздеу мен ұсынымда үздік нәтижелер береді. Ұсынылып отырған жүйе 
жекелендірілген түзетуге арналған ауқымды тұғырды, өнімділік сигналдарына 
қарай интервалдарды тарылтып/кеңейтетін бейімделетін жоспарлағышты 
және тіл үйренуден тыс математика мен физика сияқты пәндерге қолданылу 
мүмкіндігін ұсынады. Болашақ жетілдірулер мультимодальды материалдарды 
біріктіруді, күрделілікті нақты уақытта бейімдеуді және пәнге тәуелді 
терминдер қорын кеңейтуді қамтиды.

 Түйін сөздер: лексикалық-семантикалық желі, семантикалық мәтіндік 
ұқсастық, жекелендірілген кері байланыс, бейімделген қайталау, қазақ тілі, 
жабық циклді оқыту 
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Аннотация. Данное исследование представляет персонализированную
систему учебной обратной связи на основе лексико-семантической сети, 
ориентированную на обучение в условиях ограниченных ресурсов с 
фокусом на казахский язык. В основе — процесс повторения, запускаемый 
ошибкой: при неверном ответе метрика семантического текстового сходства 
(STS) преобразует ответ обучающегося и эталонное решение в эмбеддинги, 
извлекает связанные с понятием фрагменты лекций и микроупражнения и 
отдает приоритет адресной ремедиации перед традиционным выставлением 
баллов. Учебный контент моделируется трехзвенной цепочкой «Термин–
Лекция–Оценивание» (TLA), обеспечивающей трассируемые соответствия от 
проверяемых понятий к корректирующим действиям; задания на повторение 
планируются по принципам кривой забывания с адаптацией интервалов 
к наблюдаемым трендам сходства. Для надежной семантики мы перевели 
эталон SemEval STS на казахский язык (STSb-kk) и разработали корпус 
естественно-языковых выводов (NLI-kk). В экспериментах модель LaBSE, 
дообученная по двухэтапной схеме (NLI-kk → STSb-kk), достигла корреляции 
Пирсона 84,72% на STSb-kk, подтверждая надежность поиска по сходству на 
масштабе аудитории. Дополнительно создан WordNet-подобный ресурс для 
кодирования синонимии, гипернимии и пререквизитов, что поддерживает 
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горизонтальное и вертикальное расширение практики после ошибки. Хотя STS 
не предназначена для оценивания сложных открытых ответов, она эффективна 
для аудируемого, низколатентного поиска и рекомендаций при ограниченных 
вычислительных ресурсах. Система предлагает масштабируемую основу, 
адаптивный планировщик, сужающий или расширяющий интервалы 
по сигналам успеваемости, и применима за пределами языкового 
обучения, например к математике и физике. В перспективе — интеграция 
мультимодальных материалов, адаптация сложности в реальном времени и 
расширение терминологических инвентарей.

Ключевые слова: лексико-семантическая сеть, семантическая текстовая 
схожесть, персонализированная обратная связь, адаптивное повторение, 
казахский язык, обучение с замкнутым циклом

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, Fernández 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 
“кітап” (book) is linked to its possessive form “кітаптың” 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., “кітап” and “бет” 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 tripartite 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 q incorrectly, the system extracts the bound

term set T (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 q incorrectly, the system

identifies T (q), the set of terms bound to q.
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:

where v1 is the embedding of the learner’s answer, and v2 is the embedding of the 
canonical solution or term definition.

3. Content Retrieval: A similarity threshold θ (e.g., 0.7) determines whether
related terms, lectures, or drills are retrieved. If sim(v1, v2) ≥ θ, associated content 
is added to the scheduling queue.

The scheduling priority for a term t is calculated as:
P (t) = w1 · sim(t, T (q)) + w2 · E(t) + w3 · F (t)
where:
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•	 sim(t, T (q)): Similarity between term t and the bound terms of item q.
•	 E(t): Number of errors associated with term t.
•	 F (t): Forgetting-curve decay factor, defined as:
F(t) = e^( -Δt / τ )
where ∆t is the time since the last review of term t, and τ is a forgetting time

constant (e.g., 7 days).
w1, w2, w3: 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 (t), 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 q, term set T (q), learner answer a, canonical 
solution s
2: Output: Scheduled review tasks
3: Encode a and s into embeddings va, vs
4: for each term t ∈ T (q) do
5: Compute sim(va, vt) using cosine similarity
6: if sim(va, vt) ≥ θ then
7: Retrieve lecture snippets and drills for t
8: Compute priority P (t) = w1 · sim(t, T (q)) + w2 · E(t) + w3 · F (t)
9: Add tasks to priority queue
10:	 end if
11: end for
12: Sort queue by P (t)
13: Push top-k tasks to learner interface

4 Application Scenarios
4.1 Kazakh Language Course
In a Kazakh morphology course, terms such as “кітап” (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 
‘кітап’?”, 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., “үй” → “үйдің”).
4.	Schedules a personalized review task list and tracks progress.

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

Term (Қазақша) Lecture (Дәріс) Review Task (Қайталама 
тапсырма)

кітап Lecture 1: Noun Basics / Дәріс 1: Зат 
есім негіздері

Drill: Stem Identification / 
Жаттығу: Түбірді анықтау

Possessive Suffix / 
Ілік жалғауы

Lecture 5: Possessive Morphology 
/ Дәріс 5: Ілік септігінің 

морфологиясы

Examples: кітаптың, үйдің / 
Мысалдар: кітаптың, үйдің

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 (Алғышарт) Hypothesis (Болжам) Label (Жауап 
түрі)

Ерлі-зайыптылар кішкентай ұлымен бірге 
жағажайда толқын қуып ойнап жүр Отбасы сыртта.

Entailment
(A couple play in the tide with their young son) (The family is outside.)

Ерлі-зайыптылар кішкентай ұлымен бірге 
жағажайда толқын қуып ойнап жүр Отбасы демалыста.

Neutral
(A couple play in the tide with their young son) (The family is on vacation.)

Ерлі-зайыптылар кішкентай ұлымен бірге 
жағажайда толқын қуып ойнап жүр Отбасы кешкі ас ішуге отыр.

Contradiction
(A couple play in the tide with their young son) (The family is sitting down for 

dinner.)
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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 (Сөйлем 1) Sentence 2 (Сөйлем 2) Score (Баға)

Ұшақ ұшып келеді. (A plane is taking off.) Әуе ұшағы ұшып келеді. (An air 
plane is taking off.) 5

Ер адам тамақтанып жатыр. (The man is 
eating.)

Ер адам тамақ ішіп отыр. (A man is 
eating food.) 4.6

Төрт ит қарда тұр. (Four dogs stand in the 
snow.)

Қарда ойнап жүрген төрт ит. (Four 
dogs playing in the snow.) 3.6

Бір әйел атқа мініп келе жатыр. (A woman 
is riding a horse.)

Ер адам атқа мінеді. (A man rides a 
horse.) 2.8

Пойыз жүріп жатыр. (A train is moving.) Ер адам йогамен айналысады. (A 
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

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 θ = 0.7 and 

weights w1 = 0.4, w2 = 0.3,
w3 = 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 “кітап” (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., “кітап” → “кітаптың”); (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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