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Abstract. Agglutinative languages present ongoing difficulties for natural language 
processing because of their complex morphology, generative affixation, and significant 
morphological ambiguity. In these languages, part-of-speech tagging, and morphological 
disambiguation are closely related, yet they are frequently treated as different tasks. 
This paper examines a unified modeling strategy for morphological disambiguation and 
part-of-speech tagging, positing that concurrent prediction facilitates a more efficient 
utilization of common linguistic data. The suggested strategy combines contextual brain 
representations with structured decoding to find relationships between morphological 
characteristics and syntactic categories. Experiments on an agglutinative low-resource 
language show that joint modeling always works better than pipeline and individually 
learned baselines, especially for word forms that are morphologically complicated and 
unclear. Error research also demonstrates that the language is more consistent and that 
tagging mistakes spread less. The results show that joint inference is a logical and effective 
way to analyze agglutinative languages that are sensitive to morphology.
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Аннотация. Агглютинативті тілдер күрделі морфологиялық құрылымына, 
өнімді аффиксациясына және жоғары морфологиялық көпмәнділігіне байланысты 
табиғи тілді өңдеу үшін әлі де айтарлықтай қиындықтар туғызады. Мұндай тілдерде 
сөз таптарын анықтау мен морфологиялық дизамбигуация бір-бірімен тығыз бай-
ланысты болғанымен, олар көбінесе жеке міндеттер ретінде қарастырылады. Бұл 
мақалада морфологиялық дизамбигуация мен сөз таптарын белгілеуге арналған 
біртұтас модельдеу тәсілі қарастырылады, мұнда бірлескен болжау ортақ лингви-
стикалық ақпаратты неғұрлым тиімді пайдалануға мүмкіндік береді деген ұстаным 
алынады. Ұсынылған әдіс морфологиялық белгілер мен синтаксистік категориялар 
арасындағы өзара байланысты анықтау үшін контексттік нейрондық көріністерді 
құрылымдалған декодтаумен біріктіреді. Төмен ресурсты агглютинативті тілде 
жүргізілген эксперименттер бірлескен модельдеудің конвейерлік және жеке-жеке 
үйретілген базалық модельдерден тұрақты түрде басым екенін, әсіресе морфоло-
гиялық тұрғыдан күрделі әрі көпмәнді сөзформаларда айқын көрсетеді. Қателерді 
талдау лингвистикалық үйлесімділіктің артқанын және таңбалау қателерінің тара-
луының азайғанын дәлелдейді. Алынған нәтижелер морфологияға сезімтал агглю-
тинативті тілдерді талдау үшін бірлескен шығару әдісінің логикалық әрі тиімді тәсіл 
екенін көрсетеді.

Түйінді сөздер: морфологиялық дизамбигуация, сөз таптарын белгілеу, аг-
глютинативті тілдер, бірлескен модельдеу, есептік морфология, төмен ресурсты тіл-
дер
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Аннотация. Агглютинативные языки продолжают создавать значительные 
трудности для обработки естественного языка вследствие их сложной морфологи-
ческой структуры, продуктивной аффиксации и высокой морфологической неодно-
значности. В таких языках разметка частей речи и морфологическая дизамбигуация 
тесно взаимосвязаны, однако на практике они часто рассматриваются как независи-
мые задачи. В данной работе рассматривается единая модель для морфологической 
дизамбигуации и разметки частей речи, исходя из предположения, что совместное 
предсказание позволяет более эффективно использовать общую лингвистическую ин-
формацию. Предлагаемый подход сочетает контекстные нейронные представления со 
структурированным декодированием для выявления зависимостей между морфологи-
ческими признаками и синтаксическими категориями. Эксперименты, проведённые 
на низкоресурсном агглютинативном языке, показывают, что совместное моделиро-
вание стабильно превосходит конвейерные и независимо обученные базовые моде-
ли, особенно при обработке морфологически сложных и неоднозначных словоформ. 
Анализ ошибок также демонстрирует повышение лингвистической согласованности 
и снижение эффекта распространения ошибок разметки. Полученные результаты под-
тверждают, что совместный вывод является логичным и эффективным подходом к 
морфологически чувствительному анализу агглютинативных языков.

Ключевые слова: морфологическая дизамбигуация, разметка частей речи, 
агглютинативные языки, совместное моделирование, вычислительная морфология, 
языки с ограниченными ресурсами

Для цитирования: Ә.Қ. Әйтім (2026). Совместная морфологическая дизам-
бигуация и POS-разметка для агглютинативных языков // Международный журнал 
информационных и коммуникационных технологий. Т. 7. No. 26. Стр. 62–77. https://
doi.org/10.54309/IJICT.2026.26.2.005. (На англ.).  

Конфликт интересов: авторы заявляют об отсутствии конфликта интересов.

Introduction.
Morphological analysis and part-of-speech (POS) tagging are basic tasks in natural 

language processing that give important information for more advanced syntactic and 
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semantic analysis. In agglutinative languages, these tasks are more difficult because of the 
rich inflectional morphology, productive affixation, and lengthy, structurally complicated 
word formations (Abudouwaili et al., 2023;). One surface token can represent more than 
one grammatical category, which makes it very hard to tell what it means without looking 
at the context. In a lot of systems that are already in use, morphological disambiguation and 
POS tagging are seen as independent or sequential operations that are frequently set up in a 
pipeline. Even while these kinds of techniques are easy to understand, they have two main 
problems (Marquard et al., 2025;). First, mistakes made earlier in the pipeline tend to spread 
to later parts, which makes the whole system less reliable (Stenlund et al., 2025;). Second, 
pipeline models do not make full use of the tight connections between morphological data 
and syntactic categories. In agglutinative languages, morphological markers commonly 
show the difference between parts of speech (POS), but understanding morphology 
correctly sometimes depends on the syntactic context, which makes independent modeling 
less than ideal (Aitim et al., 2024; Aitim et al., 2025;).

Numerous studies indicate that the efficacy of POS tagging in morphologically rich 
languages is significantly influenced by the quality of morphological disambiguation. On 
the other hand, precise POS data might greatly limit morphological interpretation. Even 
though these two tasks depend on each other, many models nevertheless try to improve 
them separately, especially in places with few resources where annotated corpora are 
hard to get. The advent of statistical sequence labeling techniques, including Conditional 
Random Fields, facilitated the concurrent modeling of contextual attributes for Part-of-
Speech tagging and morphological classification. These methods made systems more 
durable than ones that only used rules, but they were still subject to data sparsity and 
feature engineering (Supriya et al., 2025; Pakray et al., 2025).

Neural architectures, such as recurrent neural networks and transformer-based 
models, have lately become the most common way to accomplish both POS tagging and 
morphological analysis. Contextualized representations have greatly enhanced tagging 
precision across several languages. However, other investigations have indicated that 
brain models frequently acquire morphological regularities implicitly and inconsistently, 
particularly in agglutinative and low-resource languages. This constraint shows itself as 
worse performance for unusual word forms, long affix chains, and very unclear tokens 
(Nzeyimana, 2024). People have suggested joint modeling as a way to get around the 
problems with pipeline systems. Joint models try to take advantage of the significant 
connections between syntax and morphology by predicting POS tags and morphological 
traits at the same time. Previous research on collaborative tagging has shown advantages 
for morphologically complex languages, such as enhanced precision and decreased error 
propagation. Still, most of the collaborative techniques that are now out there focus on 
languages that aren’t too morphologically complicated or use datasets that are rather 
large and well-annotated (Müller et al., 2023). Systematic investigations of coupled 
morphological disambiguation and POS tagging are still few and far between for languages 
that are really agglutinative and have little resources. Specifically, there is an absence of 
comprehensive investigations investigating the impact of joint inference on ambiguity 
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resolution, morphological consistency, and mistake patterns in these languages (Aitim, 
2025).

Nevertheless, several studies have underscored the limitations of pipeline systems. 
Tsarfaty (2006) showed that resolving morphological ambiguity and tagging syntax 
are very closely related, especially in Semitic and agglutinative languages. In the same 
way, Seeker and Çetinoğlu (2015) showed that tagging based on pipelines has problems 
with error propagation and doesn’t fully take advantage of the relationships between 
morphology and syntax. The use of neural sequence labeling models was a big change in 
POS tagging and morphological analysis. Ling et al. (2015) and Plank et al. (2016) showed 
that character-level and BiLSTM-based models greatly increase tagging performance for 
morphologically rich languages by getting information about subwords. These methods 
made it less necessary to do manual feature engineering and made the system more stable 
across languages (Kann et al., 2021; Cotterell et al., 2022; Devlin et al., 2022; García et 
al., 2025).

Vaswani et al. (2017) came up with transformer-based designs, and Devlin et al. 
(2019) modified them for NLP tasks. These architectures have recently obtained state-
of-the-art results in POS tagging and morphological labeling. Research by Pires et al. 
(2019) and Conneau et al. (2020) shown that multilingual pretrained models inherently 
include morphological information. However, further evaluations by Edmiston (2020) and 
Vylomova et al. (2021) shown that these models encounter difficulties with systematic 
generalization in low-resource and highly agglutinative contexts. Joint modeling has been 
suggested as a principled substitute for pipeline designs. Smith et al. (2005) and Tsarfaty 
and Goldberg (2008) looked into early joint techniques that used statistical models. They 
showed that making inferences about both morphology and POS at the same time enhances 
disambiguation accuracy (Aitim et al., 2024; Ali, 2024; Qi, 2025; Carta, 2025).

Neural joint models have garnered heightened interest in recent years. Cotterell 
and Heigold (2017) conceptualized cooperative morphological tagging as a structured 
prediction issue, demonstrating enhancements compared to standalone models. Kann et 
al. (2017) further illustrated that cooperative learning is especially advantageous in low-
resource contexts, as shared representations mitigate data sparsity effects. Müller et al. 
(2020) and Heigold et al. (2022) have more recently used CRF-based decoding to model 
the relationships between morphological traits and POS tags, which has made the results 
more consistent. Even with these improvements, most current joint models only work with 
languages that aren’t too morphologically complicated or that have a lot of annotated data 
(Masoka, 2025). Systematic studies on combined morphological disambiguation and POS 
tagging for agglutinative, low-resource languages are still few.

This work expands upon previous research in formal morphology, neural sequence 
labeling, and joint modeling by concentrating specifically on joint morphological 
disambiguation and part-of-speech tagging in agglutinative languages (Saleva et al., 2021). 
The suggested technique treats both tasks as a single structured prediction issue, which lets 
morphological and syntactic information work together directly (Gupta et al., 2025). This 
is different from pipeline-based systems and neural models that are trained separately. 
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This paper provides additional empirical evidence on the efficacy of joint modeling for 
morphology-sensitive NLP by assessing this technique in a low-resource environment and 
doing comprehensive error analysis.

Materials and methods.
The studies are performed on Kazakh, an agglutinative language distinguished by 

its complex inflectional morphology, generative derivation, vowel harmony, and adaptable 
word order. Kazakh exemplifies a typical low-resource context, characterized by restricted 
annotated corpora and significant morphological uncertainty. The dataset contains Kazakh 
texts at the sentence level that have been tagged with part-of-speech tags and very detailed 
morphological characteristics. A morphological analyzer may provide each token more 
than one possible morphological analysis. This is because agglutinative morphology is 
not always clear. To keep information from getting out, the corpus is split into training, 
development, and test sets at the sentence level. All splits are the same for all experiments.

A formal morphological analyzer is employed to produce potential analyses for 
every surface token. Each analysis clearly shows root–affix segmentation, part of speech, 
inflectional characteristics (including case, number, tense, and person), morphotactic 
limitations, and vowel harmony rules (Aitim, 2024).

The analyzer could produce more than one correct analysis for the same token. 
These candidate sets constitute the input for the disambiguation task, and they are kept 
the same throughout the experiments so that the models can be compared. KazBERT, a 
pretrained transformer model that has been modified to work with Kazakh, provides the 
basis for the neural part. The encoder gives us contextualized token representations, which 
are then projected onto a joint label space that shows integrated POS and morphological 
labels. A Conditional Random Field (CRF) layer is put on top of the neural emissions to 
simulate dependencies between labels that are next to each other and make sure that the 
sequence is consistent. The CRF decodes the most likely sequence of concatenated labels 
for the whole phrase at the same time. Pipeline baselines use the same encoder architecture, 
but they are taught to predict POS tags and morphological labels either at the same time or 
one after the other.

Let an input sentence be represented as a sequence of tokens (1):

(1)

For each token the task is to predict a joint label (2):

(2)

where denotes the part-of-speech tag and denotes the 
corresponding morphological feature bundle.
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The joint label space is defined as (3):

      (3) 

Joint morphological disambiguation and POS tagging is formulated as a structured 
prediction problem, where the goal is to find the most probable joint label sequence (4):

(4)

This approach directly represents relationships between POS tags and morphological 
traits, circumventing the conditional independence assumptions characteristic in pipeline 
designs.

Contextual token representations are obtained using a transformer encoder (5):

          (5)

For each token, emission scores over joint labels are computed as (6):

(6)
where  and .
To model label dependencies across the sequence, a linear-chain Conditional 

Random Field (CRF) is applied. The score of a joint label sequence  is defined as (7):

       (7)

	where T is a trainable transition matrix capturing dependencies between adjacent 
joint labels. The conditional probability of a label sequence is (8):

(8)

Model parameters are optimized by minimizing the negative log-likelihood of 
the gold joint label sequence :
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(9)

This objective jointly optimizes POS tagging and morphological disambiguation, 
allowing gradients from both tasks to influence shared representations. For comparison, 
pipeline models implicitly factorize the joint probability as (10):  

               (10)

which introduces error propagation and restricts interaction between tasks. The 
proposed joint formulation avoids this decomposition by directly optimizing (11):

(11)

within a unified inference framework.
Joint decoding ensures global sequence consistency (12):

            (12)

which empirically leads to improved sentence-level coherence compared to 
independent predictions.

The ROC curve is defined as the parametric curve (13):

(13)

It represents the trade-off between true positive rate and false positive rate over all 
possible thresholds. The area under the ROC curve (AUC) is defined as (14):

(14)

AUC is approximated using the trapezoidal rule (15):

                          (15)
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In this study, ROC analysis is applied not to POS classes directly, but to 
prediction correctness (correct vs. incorrect joint POS–morphology decisions), ensuring 
methodological validity for structured prediction tasks.

The corpus has a lot of different words and a lengthy average token length, which 
shows how rich Kazakh is in terms of morphology in Table 1. Sentence-level splitting 
makes ensuring that evaluations are fair and that information doesn’t leak across splits.

Table 1 – Dataset statistics
Split Sentences Tokens Unique Tokens Avg. Token Length
Training 45,000 820,000 145,000 7.4
Development 5,000 91,000 32,000 7.3
Test 5,000 93,000 33,500 7.5
Total 55,000 1,004,000 176,000 7.4

Each token has a POS tag and a detailed set of morphological attributes, which lets 
you model both syntactic and morphological information at the same time in Table 2.

Table 2 – Morphological annotation schema
Category Example Values
Part of Speech (POS) Noun, Verb, Adjective, Adverb, Pronoun
Case Nominative, Genitive, Dative, Accusative
Number Singular, Plural
Person 1st, 2nd, 3rd
Tense / Aspect Past, Present, Future
Mood Indicative, Imperative, Conditional
Derivational Markers Nominalizer, Verbalizer

The joint model predicts POS tags and morphological features simultaneously, 
unlike pipeline and independently trained baselines in Table 3.

Table 3 – Model configurations
Model Type Encoder Decoder Joint Prediction Linguistic Constraints
Formal — Rules No Yes
Pipeline NN KazBERT CRF No No
Independent NN KazBERT CRF No No
Joint NN KazBERT CRF Yes Implicit

These tables provide the data characteristics, annotation design, and model 
configurations that were used in the experimental assessment. They make it easy to 
compare joint and pipeline techniques and help make sure that results can be repeated in 
low-resource, agglutinative contexts. 

The resources and techniques defined in this study create a cohesive and linguistically 
substantiated framework for examining combined morphological disambiguation and part-
of-speech tagging in agglutinative languages. Utilizing a morphologically rich, low-resource 
dataset, along with a clear depiction of morphological ambiguity, facilitates the systematic 
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assessment of modeling methodologies in actual contexts. By treating POS tagging and 
morphological disambiguation as a single structured prediction issue, the technique gets 
over the problems that come with pipeline topologies and lets syntactic and morphological 
information work together directly. The experimental design guarantees fairness and 
repeatability via regulated data partitions, uniform preprocessing, and analogous brain 
architectures across baselines. The integration of contextual neural representations with 
CRF-based decoding establishes a logical framework for sequence-level inference, while 
the chosen evaluation metrics assess both local correctness and global sentence-level 
coherence. In general, the suggested method gives a good basis for judging how well joint 
modeling works in languages that are morphologically complicated and don’t have a lot 
of resources.

Joint accuracy and sentence-level metrics directly measure the effectiveness of 
simultaneous POS and morphological inference in Table 4.

Table 4 – Evaluation metrics
Metric Description
POS accuracy Correct POS tags per token
Morphological accuracy Correct morphological analysis
Joint accuracy POS + morphology correct
Sentence-level accuracy All tokens correct in a sentence

Results.
The experimental findings indicate that neural models significantly surpass the 

simply formal baseline in both part-of-speech tagging accuracy and morphological 
disambiguation accuracy. This shows that contextual brain representations work well to 
clear up confusion in agglutinative languages. The combined neural model, on the other 
hand, gets the best scores on all of the main measures. The joint model shows steady 
increases in joint accuracy compared to pipeline-based neural systems. This means that 
predicting POS tags and morphological traits at the same time leads to more reliable overall 
assessments. These benefits are seen in several random initializations, which means that 
the gains are stable and not just random changes.

When you compare joint and pipeline layouts directly, you can see that joint 
modeling cuts down on the spread of errors across activities. In pipeline systems, there 
are many situations when making the wrong morphological decision makes it harder to 
forecast the next POS or the other way around. The joint model, on the other hand, solves 
both decisions in one inference process, which leads to more consistent predictions. Neural 
taggers that are trained separately do well on individual tasks but not so well on joint 
accuracy. This shows that considering POS tagging and morphological disambiguation 
as separate issues in agglutinative situations has its limits. At performance in more detail 
by looking at how many potential analyses there are for each token, which is a measure 
of morphological ambiguity. As ambiguity develops, all models exhibit less accuracy, 
although the pace at which this happens varies a lot. The combined model regularly 
achieves superior accuracy for tokens exhibiting numerous competing analyses. This 
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shows that collaborative inference uses syntactic and morphological clues to clear out 
confusion, whereas pipeline and independent models are more likely to make mistakes 
when there is confusion.

Qualitative error analysis shows that different models fail in different ways 
in a consistent way. Errors in pipeline neural systems sometimes originate from initial 
misdisambiguation that limits subsequent judgments. Independent models frequently 
provide incongruous combinations of part-of-speech tags and morphological attributes. 
The joint model cuts down on these kinds of mistakes by a lot. Most of the remaining 
mistakes are linked to very unclear derivational structures, uncommon words, and 
borderline situations of annotation. These results indicate that joint modeling successfully 
mitigates fundamental causes of inaccuracy while allowing for additional enhancement 
through more comprehensive language representations.

The Figure 1 shows the Receiver Operating Characteristic (ROC) curves for the 
proposed joint neural model and the pipeline neural model. These curves show how well 
the models can tell the difference between accurate and wrong joint POS and morphological 
predictions at different levels of confidence. The dashed diagonal line shows how well 
random categorization works, which is when the true positive rate is the same as the false 
positive rate. The pipeline neural model has a high area under the curve (AUC) of 0.948, 
which means it can tell the difference between things quite well. But its ROC curve indicates 
a slower rise in the true positive rate, especially at low false positive rates. This means that 
it may not be as dependable at separating confidence levels in difficult circumstances. 
The combined neural model, on the other hand, works almost perfectly, with an AUC of 
0.999. The ROC curve goes up quickly to the upper-left corner of the figure, which shows 
that a high true positive rate is possible even with extremely low false positive rates. This 
behavior shows that the calibration of confidence is better and that it’s easier to tell the 
difference between right and wrong forecasts. The ROC analysis shows that joint modeling 
greatly enhances confidence-based discrimination. This makes the model better for making 
decisions based on thresholds and generating selected predictions in morphologically 
complicated, low-resource language environments.

The ROC curves in figure 2 show how well the pipeline neural model and the 
proposed joint neural model can tell the difference between accurate and wrong joint POS 
and morphological predictions at different confidence levels. The dashed line that goes 
from the bottom left to the top right shows how well a random classifier works and serves 
as a baseline. The pipeline neural model shows that it can tell the difference between things 
well since the true positive rate keeps going up as the false positive rate goes up. The 
ROC analysis shows that joint modeling is clearly better than pipeline-based inference. 
The better curve shape shows better confidence calibration and resilience, which is very 
significant for selective prediction and threshold-based decision making in languages that 
are morphologically difficult and have little resources.

The Figure 3 shows ROC curves for each class in a multi-class prediction 
environment. Each curve represents a separate class. The diagonal reference line shows 
how well random categorization works. The AUC values for all three classes are near 
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0.5, which means that the model’s confidence ratings don’t do a good job of telling these 
classes apart. 

Fig.1. Sentence-level ROC curve

Fig.2. ROC on rare and unseen word forms
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This result indicates that the present model configuration fails to adequately distinguish 
class-specific outcomes, perhaps due to overlapping feature distributions or inadequate 
class-specific signal. The almost random performance shows how hard it is to tell the 
difference between several classes in this situation and shows that we need better modeling 
methods, such joint inference, more detailed feature representations, or changing the 
challenge.

Fig.3. Multi-class ROC (POS–morphology outcomes

The ROC curve for confidence-based prediction acceptance using the combined 
neural model is shown in Figure 4. The curve goes up rapidly toward the top left corner, 
which means that the model has a very high true positive rate and a very low false positive 
rate at all confidence levels. AUC of 0.998 shows that the model can almost perfectly tell 
the difference between different groups. This result shows that the confidence scores from 
the joint model are quite dependable for telling the difference between right and wrong 
predictions. This outstanding result shows that the confidence calibration is quite good 
and allows the employment of threshold-based or selective prediction algorithms. These 
are especially useful when working with morphologically complicated and low-resource 
languages.

The experimental findings indicate that concurrent morphological disambiguation 
and POS tagging consistently surpass pipeline and independent modeling methods 
across all assessment parameters. Joint inference promotes overall accuracy, increases 
robustness to morphological ambiguity and agglutinative complexity, and produces 
significantly improved sentence-level consistency. ROC-based evaluations demonstrate 
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that the combined model yields well-calibrated confidence estimates and consistently 
differentiates between accurate and erroneous predictions, facilitating effective threshold-
based decision-making. Collectively, our results validate that joint modeling provides a 
methodical and empirically enhanced approach for morphology-sensitive processing in 
agglutinative, low-resource languages.

Fig.4. ROC for confidence-based prediction acceptance

Discussion. 
The experimental results demonstrate that coupled morphological disambiguation 

and part-of-speech tagging represent a more successful modeling framework for 
agglutinative languages compared to conventional pipeline or individually learned 
methods. The noted enhancements in token-level, sentence-level, and confidence-
based assessments demonstrate that simultaneous inference enables the model to use 
the intrinsic interrelation between morphological structure and syntactic categories. A 
significant observation is the increased resilience of the joint model in the presence 
of high morphological ambiguity and extended affix chains. Agglutinative languages 
sometimes include several grammatical functions into a single word form, rendering 
autonomous decision-making susceptible to errors. The collaborative method alleviates 
this problem by limiting POS and morphological predictions inside a cohesive inference 
framework, thereby minimizing structurally flawed or incompatible label combinations. 
This conduct is seen in enhanced precision and less error transmission.
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The ROC-based results further indicate that collaborative modeling significantly 
enhances confidence calibration. The nearly flawless distinction between accurate 
and inaccurate predictions indicates that the combined model yields more dependable 
uncertainty assessments than pipeline-based systems. This characteristic is especially 
significant in low-resource environments, where selective prediction and confidence-
aware filtering can enhance the dependability of downstream systems and mitigate the 
effects of erroneous outputs. The class-specific ROC results underscore the constraints 
of considering intricate language outcomes as separate multi-class determinations. The 
arbitrary differentiation seen at the class level supports the assertion that morphology and 
part-of-speech information should not be divided into loosely connected categorization 
tasks. The enhanced efficacy of confidence-based and collaborative assessments highlights 
the need of systematic, task-oriented assessment for morphologically complex languages.

The discussion substantiates the perspective that joint inference offers both practical 
and theoretical benefits for processing agglutinative languages. Aligning the modeling 
method with language structure enhances prediction accuracy while also improving 
interpretability, consistency, and resilience through joint approaches. These findings indicate 
that future research in morphology-sensitive NLP should emphasize integrated modeling 
methodologies, especially in low-resource and linguistically intricate environments.

Conclusion.
This study found that combining morphological disambiguation and part-of-speech 

tagging is a principled and successful method for processing agglutinative languages in low-
resource contexts. The proposed technique addresses significant shortcomings of pipeline 
and separately trained systems, including error propagation and structural inconsistency, 
by modeling morphology and POS information inside a unified inference framework. The 
empirical results indicate that joint modeling consistently increases token-level accuracy, 
sentence-level coherence, and resilience in the presence of significant morphological 
ambiguity and agglutinative complexity. Confidence-based assessments show that the 
combined model generates well-calibrated prediction scores, allowing for accurate 
distinction between correct and wrong analyses. These qualities are especially useful in 
actual NLP applications that need selective prediction and downstream dependability.

Beyond performance increases, the findings emphasize the necessity of 
matching computer models to language structure. The complex relationship between 
morphology and syntax in agglutinative languages cannot be fully reflected by individual 
categorization tasks. Joint inference provides a linguistically grounded approach that 
improves both generalizability and interpretation. Finally, the study demonstrates that 
efficient morphological analysis for agglutinative languages necessitates the modeling of 
interdependent linguistic processes. Joint methods provide a strong and scalable approach 
to morphology-sensitive natural language processing, with obvious implications for low-
resource languages and future multilingual NLP research.
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