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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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AHHOTaLHA. ATTTIOTUHATHUBTI Tinaep Kypaeni MOP(}OTOTHSLITBIK
KYpBbUIBIMBIHA,  ©HIMII  addukcanuscblHa  KOHE  KOFapbl  MOP(OJIOTHUSIIBIK
KOMMOHUTIriHE OalmaHbICTBl TaOWFU TUIAI OHIEY YIIIH ol Je aiTapibiKrai
KUBIHJBIKTAp  TyFbI3aAbl. MyHIall TulgepAae ce3  TamnTapblH — aHbIKTAY  MeEH
Mop(]onorHsUIbIK Au3amMOuryanus Oip-OipiMeH THIFBI3 OalIaHBICTBI OONFAHBIMEH, OJap
KeOiHece KeKke MIHJETTep peTiHAe KapacThIpbuiaabel. byn Makamaga MopGhOIOTHUSIIBIK
IU3aMOUTryalsi MEH Ce3 TalTapblH Oenriieyre apHaifaH OipTyTac MOJAENbACY TICLi
KapacThIpbliazibl, MyHAa OipieckeH OoJpkay OpTaK JIMHIBUCTHUKAJIBIK aKmapaTThl
HEFYpJIBIM THUIMAI TaijanaHyFa MyMKIHIOIK Oepeal JereH YCTaHbIM —ajibIHAJbI.
¥YChIHBUTFAH ofiC MOPQOJOTUSIIBIK Oenriiep MeH CHUHTAKCUCTIK KaTeropusiap
apachlHIarbl  e3apa  OalIaHBICTBl ~ aHBIKTAY  VIIIH  KOHTEKCTTIK  HEHpPOHJIBIK
KOpIHICTepAl KYpPBUIBIMIAIFAaH  JeKoaTayMeH  OipikTipeni. TeMmeH  pecypcTbl
arrIIOTUHATUBTI  TUIAE JKYPTi3UINeH HSKCIEepUMEHTTep OipJecKeH MOJenbAeydiH
KOHBEHEpIIIK JKOHE J>XeKe-)KeKe YMpeTuUIreH OazaiblK MOJAEbAEPIEH TYPaKThl Typle
O0acbIM  eKeHiH, ocipece MOPQOJOTUSIIBIK TYPFbIIAH KYpAeni opli KemMoHI
cespopmanapaa  alkelH ~ kepcereni.  Kartemepali — Tangay — JIMHIBUCTHUKAJIBIK
YHJIECIMIUTIKTIH apTKaHBIH JkKoHE TaHOanmay KaTeNlepiHiH TapalyblHbIH a3aliFaHblH
ToNenAekal. AJBIHFaH HOTIXKeNep MOp(Qoiorusra ce3iMTal arrfiioTHUHATUBTI TUIAEpPIl
Tanjaay YurH OiplieCKeH MIbIFapy 9IICIHIH JOTHKAIBIK 9P TUIM/II TOCUT €KeHIH KOpCeTe/Ii.

Tyiinai ce3mep: MopdoNOTHANBIK AM3aMOUTYallMs, CO3 TanTapblH Oenriiey,
arrJIIOTUHATUBTI TiIAEp, OipIECKEH MOJENBIILY, €CENTIK MOP(OIOTHS, TOMEH PECYPCTHI
Tiaaep

Joiiexcezgep ymin: ©O.K. Oitim  (2026). ArmioTHHATHBTI  TLIAEpTe
apHanfaH  Mopdosorusiblk - au3amOuryanms MeH  POS-tanGanmaynel  Gipiecin
Mozenbaey // XambIKapajblK aKmapaTThIK JKOHE KOMMYHHUKAIMSUIBIK TEXHOJIOTHSIIAP
xypHaibsl. T. 7. No. 26. b. 62—77. https://doi.org/10.54309/1JICT.2026.26.2.005. (AfbL1.
TIJL.).

Mynaenep KakThIFbIChI: ABTOpJIap OChl Makaiajga MYZJenep KaKThIFBICHI KOK
JeT MTIMAEH .
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AHHOTALHSA. ATTIIOTUHATUBHbBIE A3BIKU POJOKAIOT CO3/1aBaTh
3HAYUTENbHbIE TPYIHOCTU JUIsi 0OpabOTKM €CTECTBEHHOIO s3bIKa BCIEACTBHE HX
CIIOKHOH MOP(QOJOTUYECKON CTPYKTYphl, MPOAYKTUBHOW ad@uKcauu U BBICOKOU
MOp(OJIOTHUECKOM HEOAHO-3HAYHOCTH. B Takux s3bIkaXx pa3MeTka dYacTedl pedd |
MopdooTHUecKasi TU3aMOWTyaIisi TECHO B3aWMOCBS3aHBI, OJHAKO Ha MPAKTUKE OHHU
4acTO paccMaTPUBAIOTCS KaK HE3aBHUCHU-Mble 3aJaud. B naHHON paboTe paccMmarpuBaeTcs
eIrHas MOJENb UIT MOP(OIOTHYECKON TU3aMOWTyalli W pa3METKH 4YacTed peuw,
UCXO/ M3 TPEAIoSIOKEHHs, YTO COBMECTHOE NpeJcKa3zaHHe I03BoJIsieT Oosee
3G GEKTHBHO HCIIONB30BaTh OOMIYI0 JMHTBUCTHUYECKYIO WHGpopmanuio. [Ipenmaraembrit
MOJIXO/l COYeTaeT KOHTEKCTHbIE HEHpPOHHBIE MPEICTABICHHUS CO CTPYKTYpUPOBAHHBIM
NEKOJUPOBAHMEM  JJIi  BBIABICHUS  3aBUCUMOCTEH  MEXIy  MOp(OIOrHYECKUMU
NPU3HAKAMH M CHHTAKCHMYECKUMM KaTeropusiMH. OKCIEPHUMEHTHI, NPOBEIEHHBIE Ha
HU3KOPECYPCHOM arrjlOTUHATUBHOM $3bIKE, IMOKa3bIBAlOT, YTO COBMECTHOE MOJIEIHMPO-
BaHME CTAOMJIBHO MPEBOCXOJUT KOHBEWEpHble M HE3aBUCUMO OOydeHHbIe 0a30BbIe
MOJIe-T, OCOOCHHO MpHU 00paboTke MOP(OIOTHYECKH CIIOKHBIX W HEOJHO3HAYHBIX
cioBoopM. AHanu3 OMHUOOK TakKe JAEMOHCTPUPYET IMOBBIIIEHUE JIMHIBUCTUYECKOMN
COTJIACOBAHHOCTM M CHIDKEHHE OJ(QeKTa pacnpoCTpaHEHHs OIMHOOK pPa3MEeTKH.
[TonmyueHHbIe pe3ynbTaThl MOATBEPKAAIOT, YTO COBMECTHBIA BBIBOJ SIBISETCS JIOTMYHBIM
u  3GQPEKTUBHBIM  IMOIXOAOM K MOP(OIIOTUYECKH YyBCTBUTEIBHOMY  aHAIN3Y
arrJIIOTUHATHUBHBIX SI3BIKOB.

KiawueBble cioBa: Mopdomoruueckas au3amMOuTyanms, pasMeTka JacTeld peuw,
arrJItOTUHATUBHBIE A3BIKH, COBMECTHOE MOJIEIIUPOBaHKE, BBIUMCIINTENIbHAS
MOpP(OIIOTHSL, S3BIKM C OTPAHUICHHBIMU PECypCamMu

Jia uutupoBanus: O.K. Oiitim (2026). CoBmecTHast Mopdooruyeckas 1u3am-
ouryaruss u POS-pazmeTka IS armyIIOTHHATHBHBIX SI3BIKOB  //  MexXIyHapOJHBIH
KypHaJ UH(OPMAILIMOHHBIX U KOMMYHHMKallMOHHbIX TexHosoruit. T. 7. No. 26. Crp. 62—

77. https://doi.org/10.54309/1JICT.2026.26.2.005. (Ha anrn.).
KoHpMKT HHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(DINKTA HHTEPECOB.

Introduction.
Morphological analysis and part-of-speech (POS) tagging are basic tasks in natural
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language processing that give important information for more advanced syntactic and
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 (Miiller 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
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comprehensive investigations investigating the impact of joint inference on ambiguity
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 Cetinoglu (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; Garcia 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. Miiller 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).
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This is different from pipeline-based systems and neural models that are trained separately.
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):

X = (xl,xz,...,xnj- (1)

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

Yi = (Pij mil )

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

=P xXM.
Y 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):

y = argmax P(y|x
y gmax (¥])- "

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):

h; = Encoder(x);, h; € R4,
(5)
For each token, emission scores over joint labels are computed as (6):
S5; — Whl + b,
(6)

where and W € RIY!*d and b € RIYV!.
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):

Score (x,}’) — L(yt) + zl 1 J"i. 1.Vis
(7)

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

exp(Score(x,y))
yleyn exp(Score(x,y"))

P(ylx) =
(8)

Model parameters & are optimized by minimizing the negative log-likelihood of
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the gold joint label sequence y":

_ *
Lioint 0) =-— lﬂg P (}7 |I)
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):

P(p; mylx;) = P(p;lx;) - P(mylx;, py), (10)

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

P(p;, m;lx;)

(11)
within a unified inference framework.
Joint decoding ensures global sequence consistency (12):
Y= Vs Vo) y1 = (B my),
(12)

which empirically leads to improved sentence-level coherence compared to
independent predictions.
The ROC curve is defined as the parametric curve (13):

ROC = {(FPR(T])r TPR{T]NT € R} (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):

AUC = [, TPR(FPR™"(u))du "

AUC is approximated using the trapezoidal rule (15):

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License
69



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

TPRy+1+TPRy

AUC ~ YX_Y(FPR,., — FPR,) - .

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
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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 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
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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 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.
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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
0.5, which means that the model’s confidence ratings don’t do a good job of telling these

classes apart.
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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.
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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
that the combined model yields well-calibrated confidence estimates and consistently
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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.
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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.

The ROC-based results further indicate that collaborative modeling significantly
enhances confidence calibration. The nearly flawless distinction between accurate
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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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