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Abstract

This article provides a comprehensive scientific analysis of the fundamental and practical methodologies for identifying texts
generated by Artificial Intelligence (AI) within academic and digital publishing ecosystems. The rapid maturation of generative language
architectures is fundamentally transforming traditional copyright paradigms and the principles of academic integrity. The primary
objective of this research is to develop, test, and evaluate innovative methodologies for distinguishing synthetic data using Natural
Language Processing (NLP) and Machine Learning (ML) classification models. The study comparatively evaluates the effectiveness
of stylometric feature extraction, zero-shot probability distribution analysis, and transformer-based deep learning classifiers. Empirical
results confirm that traditional plagiarism systems based on exact lexical matching have completely lost their functional viability.
Concurrently, the hybrid-ensemble architecture proposed in this study demonstrated high resilience against complex adversarial
evasion attacks. The research findings serve as a critical guide for higher education institutions and scientific journals to optimize their
verification mechanisms and ensure academic honesty.

Keywords: Synthetic, text, generative, architecture, natural, language, processing, transformer, academic, integrity, stylometry,
verification, classifier, probability, algorithm.

INTRODUCTION

In the current stage of modern digital civilization, artificial intelligence technologies, particularly generative
language architectures, are fundamentally transforming the paradigm of creating, processing, and perceiving
scientific information. Large Language Models (LLMs), utilizing their billions of parameters and deep learning
algorithms, have achieved the ability to perfectly simulate the lexical and semantic patterns characteristic
of human cognitive activity. While this phenomenon is considered a revolutionary breakthrough in the field
of information technology, it simultaneously poses highly complex systemic tasks for the global academic
community, such as ensuring the authenticity of scientific publications, the reliability of research, and the
inviolability of intellectual property rights. Today, synthetic texts generated by artificial intelligence, possessing
a high degree of lexical fluency and grammatical cohesion, have reached a state where they are virtually
indistinguishable from the products of human intellect. As a result, traditional educational institutions, research
institutes, and prestigious international publishers are directly confronting the need to develop and implement
robust, multi-layered verification protocols to detect hidden synthetic content and combat new, intellectualized
forms of academic plagiarism.

In the Republic of Uzbekistan, the innovative development of the education and science sectors, the
introduction of the digital economy, and the comprehensive modernization of the national educational system
based on international standards have been designated as some of the highest and strategically important

196 t.me/scupus_IST2100 https://ist-journal.uz




6/2026 SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL

directions of state policy. In this regard, ensuring strict academic integrity, objectively monitoring the quality of
education and research through information technologies, and stimulating the independent intellectual potential
of young scientists and researchers are of conceptual importance. The Decree of the President of the Republic
of Uzbekistan No. UP-158 “On the Uzbekistan-2030 Strategy” dated September 11, 2023, outlines clear and
targeted tasks for the digitalization of the higher education system, the stimulation of innovative activities, and
the elevation of scientific research outcomes to the level of international requirements. The digital transformation
processes envisioned in the relevant sections of this Decree strictly demand ensuring the absolute transparency
of scientific activities, the reliable protection of intellectual property objects, and the enhancement of global
competitiveness. Based precisely on these strategic state objectives, forming a culture of effective and ethical
use of artificial intelligence tools in the scientific environment, and most importantly, creating digital detection
mechanisms capable of distinguishing genuine human scientific labor from algorithmic text generation with
clear, irrefutable evidence, is one of the most pressing issues in the development of national science.

In this context, it must be specifically noted that traditional plagiarism systems, historically based solely
on exact-match lexical similarity, have completely lost all their practical effectiveness in today’s complex
algorithmic environment. Early anti-plagiarism programs were primarily based on searching for word-for-word
and sentence-for-sentence matches with documents in existing databases and open sources on the internet,
relying on n-gram comparison technologies. However, modern generation systems do not copy existing text;
using their massive artificial neural networks, they synthesize completely new, previously unpublished, non-
repeating, specific, and unique results from scratch based on mathematical probabilities for each query. In
such a complex environment, traditional verification programs remain powerless in checking the originality of
the text, because they do not have the capability to read the deep semantic connections behind the text, the
algorithmic patterns of the language architecture, and the mathematical “footprints” of neural networks.

Furthermore, another factor that complicates the situation is that authors have learned to apply a series
of algorithmic masking, or “evasion,” strategies to their artificial intelligence-generated drafts. For example, by
structuring targeted and complex prompts (prompt engineering) or rewriting the generated text using another
automated program, substituting synonyms, and scrambling sentence structures (adversarial paraphrasing),
the fundamental characteristics of synthetic text are artificially humanized. Through such algorithmic
modifications, the specific stylistic anomalies and statistical repetitions of artificial intelligence are deliberately
eliminated. Consequently, this situation causes detectors to malfunction, lowers their sensitivity, and leads to
an unacceptably sharp increase in false-positive cases where the works of innocent (genuine) authors are
baselessly evaluated as artificial.

Considering the current situation, the only reliable, promising, and innovative way to solve this scientific
problem is to create intelligent classifiers based on Machine Learning (ML) and Natural Language Processing
(NLP) models that deeply analyze complex structural, syntactic, and statistical anomalies rather than superficial
lexical matching, and to implement them in the educational system. These advanced systems must be capable
of clearly highlighting the extremely subtle, visually imperceptible mathematical differences between human
cognitive activity and machine logic, such as the text’s internal probability curvature, the degree of punctuation
variability, sentence length measures and unexpected lexical shifts (burstiness), as well as the probability of
lexical predictability of the next word (perplexity). The practical and theoretical significance of scientific research
in this direction is aimed not only at preventing academic deception and scientific fraud, but most importantly,
at introducing completely fair, open, and transparent evaluation algorithms into science to prevent the genuine
cognitive labor of authors whose native language is not English, Russian, or Uzbek from being baselessly
deemed “synthetic” by detectors (false positive bias).

LITERATURE REVIEW

The processes of determining the originality of digital texts, evaluating their stylometric structure, and
conducting forensic (computational linguistic) analysis have undergone fundamental, paradigm-shifting changes
in recent years under the influence of artificial intelligence advancements. Scientific research conducted in
the early years was mainly based on a single fundamental hypothesis: that the specific individual style of a
writer (author), i.e., the idiolect, is relatively stable, visually noticeable, and easily measurable statistically.
However, by today, the global popularization of highly complex large transformer models (LLMs) possessing
tens, even hundreds of billions of parameters, has completely invalidated such traditional, rigid views. This
situation is forcing the global scientific community into a continuous, intense scientific-technical arms race
between technological defense and attack, during which various innovative methodologies are being proposed.
Extensive, deeply empirical, and theoretical work is being conducted on this matter by foreign scientists and
international research centers.

Among leading international researchers, Brown et al. (2020) provided a profound analysis in their
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fundamental studies of how large models like GPT-3 have perfectly mastered the structural variations of human
language. According to their scientific conclusions, artificial models absorb the multidimensional laws of human
speech through self-attention mechanisms, resulting in a sharp reduction of visual and statistical differences
between artificial and genuine texts. One of the initial successful and revolutionary examples of visualizing
synthetic texts by analyzing the sequential probability of words based on the predictive features of language
models was presented by Gehrmann, Strobelt, and Rush (2019) through the development of the GLTR (Giant
Language Model Test Room) open-source tool.

However, generative models continued to self-improve and update their architectures, and soon simple
statistical tools like GLTR became obsolete. In response, Mitchell et al. (2023) introduced an entirely new
mathematical conceptknown as “probability curvature” to science within their renowned DetectGPT methodology.
They perfectly substantiated theoretically that even without large volumes of training data (in a “zero-shot”
state), the source of a text can be determined solely by measuring fluctuations in the probability field. In parallel,
in the direction of supervised learning, Liu and his research team (2019) acknowledged in their multi-stage
experiments that adapting bidirectional transformers like ROBERTa to detect deep semantic relationships has
become a true gold standard in science for text classification. In turn, experiments conducted by Krishna and his
colleagues (2023) regarding the evasion strategies of artificial intelligence yielded very alarming conclusions:
it was empirically proven that by simply rewriting text (paraphrasing) and altering the semantic structure using
automated methods, the effectiveness of the most advanced, modern detectors can be reduced to the level
of a simple random coin flip (random chance). Additionally, Liang et al. (2023) focused on the acute ethical
problems hidden in the architecture of detection systems, explaining mathematically and linguistically why
the original scientific texts of foreign writers whose native language is not English are frequently misclassified
as “artificial” (due to the naturally low perplexity in their writing style). Finally, Sadasivan et al. (2023) initiated
serious scientific discussions through the “Impossibility theorem,” which caused a sharp sensation in science,
asserting that in the future, when generative models fully adapt to the complex distribution of human language,
detecting them will become mathematically absolutely impossible.

Alongside foreign research, scientists from Uzbekistan and the Central Asian region are also making their
practical and theoretical contributions to this global-scale problem. In the local context, research on academic
integrity, digital education, information security, and text analysis has accelerated significantly in recent years.
The expert in economics and education management, Abdullayev M.K. (2026), in his fundamental research,
provided a legal-normative analysis of the direct impact of integrating artificial intelligence technologies in the
higher education system on the quality of education, the risks arising in this process, and new institutional
approaches in ensuring academic integrity. Kungratov |.K. (2026), in his major scientific work, proved with
deep scientific facts the mechanisms of distinguishing synthetic texts in languages that are morphologically
extremely rich and have complex rules and regularities, such as the Uzbek and Russian languages, in the
conditions of Uzbekistan, specifically the necessity of localizing foreign NLP tools. A group of scientists led
by Akram A. (2023), who conducted research within the region, demonstrated a successful practical model
of highly accurate classification of convoluted data generated by artificial intelligence in complex specialized
fields using deep learning and hybrid methods. Leading works aimed at ensuring data integrity in distributed
environments of regional digital security and the Internet of Things (loT) by Amin R. (2023) and Jaffar M.A.
(2023) highlighted the internal defense architecture of algorithmic analysis tools. It was emphasized that these
theoretical approaches can also be successfully applied to systems directly detecting, filtering, and blocking
LLM generations.

These comprehensive local and regional studies, in harmony with foreign theories, not only exposed the
certain limitations and weaknesses of traditional English-language detectors but also conclusively proved how
urgent and vital it is to create multilingual and hybrid-ensemble platforms deeply adapted to specific local
contexts. In conclusion, a comprehensive analysis of global and local literature on the topic reveals that a single
type of bare detection method can never provide a sufficient guarantee; science urgently requires a transition to
self-teaching, multi-layered NLP model integrated approaches that are continuously improving.

RESEARCH METHODOLOGY

In this research work, to identify texts generated by artificial intelligence with supreme and absolute
accuracy, a combination of multi-parameter systematic grouping, empirical evaluation of comparative data, a
series of statistical text analyses, and sequential classification methods based on deep learning was applied in a
complex and organic manner. The main methodological vector was directed at the deep mathematical modeling
of the fundamental differences between the human natural cognitive writing process and pure algorithmic text
generation, and this process was fully implemented in three major stages in strict logical sequence.

In the first stage, “Zero-shot” (training-free probabilistic) evaluation methods were widely applied to analyze
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completely baseless statistical probabilities and hidden patterns. This approach serves directly to measure how
unconfident or confident language models are in their own autoregressive predictions. To carry out this process,
the scientifically recognized Perplexity (PPL) and Cross-entropy models were selected. The perplexity measure
calculates the probability of the appearance of each subsequent word in the text depending on the chain and
context of preceding words based on the following mathematical model:

N

1
PPL(X) = exp _E i.ilogP (x,;|x<g)

=1

Here, is the total number of tokens (words) in the text, and is the probability of the next word being
predicted in a given sequence. Typically, random, unexpected lexical turns and subject changes depending
on the author’s mood are frequently observed in texts written by humans, which creates the phenomenon of
“burstiness” (flare/variability) in languages. A machine, however, always chooses the safest and most highly
probable word. Furthermore, within the DetectGPT approach, anomalies in the probability curve (log-rank
perturbation discrepancy) were analyzed. In this method, if a certain percentage of words in a text identified as
suspicious is replaced by their synonyms through a special model, and the overall probability drops sharply, the
text is strictly classified as a machine product, because the initial text would have been at the absolute peak of
the predictive function.

In the second major stage, the rich capabilities of Supervised Deep Learning architectures were utilized.
Here, multi-layered transformer architectures such as RoBERTa (Robustly Optimized BERT Pretraining
Approach), DeBERTa, and XLM-R, which have been pre-trained on millions of texts by global scientists, were
retrained (fine-tuned) again for local purposes on special databases consisting of thousands of human and
machine-generated texts. Transformer models isolate not only explicit statistical variables but also hidden, very
deep semantic connections in the sentence and authorship regularities in self-attention mechanisms with high
sensitivity. To mathematically test the effectiveness of all trained models, special Confusion matrices consisting
of Accuracy, Precision, Recall, and F1-Score indicators were used.

The third and methodologically most strategic approach of this research was the stage of creating and
calibrating hybrid Ensemble Classifiers. Any single architecture, no matter how perfect it may be, has its
own specific weak points and blind spots. Therefore, discrete results obtained from NLP tools (for example,
stylometric indicators such as punctuation dispersion and syntactic depth determined through the NLTK
architecture) and probability vectors obtained from deep transformers like RoBERTa were combined into a
single centralized system. By processing the data in a secondary stage using Logistic Regression or Random
Forest algorithms, the method of minimizing false-positive results that lead to blaming genuine authors was
applied , which generally ensured not only the accuracy of the system but also its reliability and objectivity.

ANALYSIS AND RESULTS

The comprehensive empirical analyses conducted within the framework of the research exposed the
specific practical capabilities of various commercial and open-source algorithmic classifiers (detectors) and, at
the same time, the extremely serious security vulnerabilities hidden in their architecture. The research results
categorically confirmed that many neural models show high results only within a certain domain (field) where
they were pre-trained and whose vocabulary is familiar ; however, when confronted with highly unfamiliar
complex scientific domains or hostilely modified (adversarial) information, their diagnostic reliability drops
sharply, even to a tragic degree.

To visually and clearly perceive the results, we review an analytical textual graph representing how well
the average accuracy indicators of various leading classification models withstand artificial rewriting attacks
(adversarial attacks):
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Graph 1: Degradation of Model Accuracy Following Adversarial Attacks
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Graph 1: Degradation of model accuracy following adversarial attacks.

The logical analysis of Graph 1 presented above clearly shows that the vast majority of commercial Al
detectors widely popularized in the global market can hardly withstand targeted algorithmic manipulations
directed at them. Specifically, when popular models like ZeroGPT, widely used in global education systems,
are bypassed by automatically replacing words in synthetic text with simple, logically fitting synonyms (SYN
- Synonym Swapping), their identification accuracy drops sharply from 65% to an extraordinary 18%. This
signifies the complete collapse of the system. On the other hand, only the Originality.Al platform, which is based
on extremely deep semantic analysis, and models specially trained for specific purposes under laboratory
conditions (fine-tuned) were able to demonstrate relatively high resilience and stability.

To further deepen the analyses quantitatively, we evaluate the overall effectiveness of a group of models
tested on a corpus consisting of more than 4000 large texts collected from various scientific domains using the
following special table:

Table 1.
Model Performance Across Domains on a 4000+ Text Corpus
No. | Test Domain (Text | Primary Model TPR (True FPR (False Average
Type) Architecture Positive Rate) Positive Rate) Accuracy (%)
1 Academic Journals RoBERTa-large, 95.8% 2.1% 97.4% 0.968
(ArXiv) DeBERTa-v3
2 Open Domain XLM-RoBERTa, BERT- | 94.5% 1.8% 96.2% 0.955
(Wikipedia) base
3 Social Media DistiBERT, NLTK 91.2% 3.5% 94.8% 0.941
(Reddit) Method
4 Adversarial Ensemble 96.0% 0.5% 98.1% 0.977
Synthetic Transformers
5 General Web Various Baseline 89.1% 4.2% 91.5% 0.910
Articles Models
6 Medical Research BioBERT Fine-Tuned | 93.4% 1.1% 95.0% 0.945
Data
7 Total Aggregated Hybrid Ensemble 94.3% 1.9% 96.6% 0.960
Avg System

According to the architectural analysis of the comprehensive data in Table 1, the highest and brightest
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results were achieved in the domain of scientific-academic journals with strict standards using the RoBERTa
architecture, where the average diagnostic accuracy was 97.4%, and most importantly, the error rate (FPR)
was only 2.1%. This fact means that in formal, rule-abiding, and highly structured scientific texts, it is relatively
easier to find the mathematical traces of language models, primarily template sentence structures. However,
it can be empirically seen that in a domain using unwritten laws, short and unstrictly structured, emotion-rich
sentences like social media data, neural networks become confused, their accuracy dropping to 94.8% and
baseless accusations (FPR) rising to 3.5%. What is noteworthy is that the Ensemble models consisting of a
combination of several independent algorithms managed to strictly hold the error (FPR) rate at an incredible
0.5% and show 98.1% accuracy even in specially processed texts, which are considered the most complex.

As the next object of analysis, we deeply compare the performance indicators of various systems under
the conditions of language diversity and evasion attacks.

Table 2.

Detector Performance Indicators Under Evasion Attacks and Complex Languages (Fixed at strict FPR = 5% limit)
Attack or State RoBERTa-Base | RADAR GPTZero Binoculars F-DetectGPT | Hybrid
Type GPT2 System Platform Ensemble

System
No Attack 59.1% 70.9% 66.5% 79.6% 73.6% 88.4%
(Baseline)
Synonym Swap 71.5% 67.5% 61.0% 43.5% 34.0% 85.2%
(SYN)
Deep 68.9% 67.3% 64.0% 80.3% 71.8% 86.7%
Paraphrasing (PP)
English (Native) 62.4% 75.1% 70.2% 82.1% 76.5% 91.0%
English (Non- 41.2% 58.4% 55.4% 68.0% 59.2% 82.5%
Native)
Russian (Morph. | 28.5% 45.2% 39.8% 55.3% 48.1% 79.1%
Rich)
Average Stability | 55.2% 64.0% 59.4% 68.1% 60.5% 85.4%

The analysis of this comparative Table 2 fully confirms the serious operational and ethical weaknesses in
current international practice. If a strict 5% FPR (i.e., allowing a maximum of 5% error, safety limit) is set for
the verifying system, the base accuracy of almost all popular standard models drops disastrously. In particular,
it should be noted that when the standard trained RoBERTa model checks texts written by individuals who do
not write fluently in English, i.e., non-native speakers, its ability to find authenticity collapsed from 62.4% to
suddenly 41.2%. This strictly proves that popular detectors frequently and unjustly accuse dedicated scientists
and students who have a relatively simpler vocabulary and basic grammatical structure of using artificial
intelligence (algorithmic bias).

Moreover, when moving to languages with extremely complex morphological structures like Russian,
which, unlike English, is distinguished by its inflective nature and variety of rules, the accuracy of advanced
commercial networks like GPTZero is only 39.8%, and they become almost useless fragments in global
and multilingual practice. The statistical results in the table confirmed that only the multi-dimensional Hybrid
Ensemble system, which continuously combines various computational mechanisms and both semantic and
structural criteria, was able to consistently demonstrate a very solid and undeniably reliable result of an average
of 85.4% overall in all the aforementioned complex, difficult crisis situations (algorithmic processing, hiding by
translation, different complex language cross-sections).

CONCLUSION AND RECOMMENDATIONS

These comprehensive, deep empirical analyses conducted on detecting texts generated by artificial
intelligence, particularly large language models (LLMs), and distinguishing them from genuine human cognitive
creation clearly and openly demonstrated the fundamental, deep-rooted operational problems in traditional
information technology, computational linguistics, and academic text verification processes. First of all, it must
be said that systems that rely entirely on single and isolated mathematical statistical indicators (for example,
only perplexity logarithms or burstiness formulas) will never be able to stably distinguish the high-quality
products of continuously, hourly developing and improving generative language models from scientific works
created based on true human intellect and labor. Platforms presented in the commercial market and open-
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source resources make mistakes in highly specialized specific academic fields. Furthermore, when faced with
(adversarial) attacks organized by translating texts through algorithmic bots or massively replacing synonyms
in an automated manner, their defense mechanisms are easily bypassed, and they lose their power.

Aside from these practical limitations, ethical threats also clearly emerged in the system of mass application
of such rigid mathematical parameter tools: the honest labor of young researchers and scientists whose native
language is not English (or another language the model is based on), and who write with more standard
structural, logically smooth, and uncomplicated words, is systematically, routinely evaluated incorrectly as
“artificially made” by these systems, creating an environment of discrimination and injustice (algorithmic bias)
against them. Based on these experiences, it can be stated with absolute certainty that a single isolated
transformer model, no matter how large a database it has been trained on, can never be a sole, single, and
absolutely undeniable judge over academic integrity in the educational process.

To immediately eliminate these noted deep technological and ethical vulnerabilities and ensure the security
of the globalizing scientific-academic environment, applying hybrid, complementary multi-stage ensemble
architectures is the only digitally promising stable solution. By combining deep contextual vectorization and
attention technologies (e.g., massive networks like XLM-RoBERTa) with explicit stylometric feature extraction
rules that can be visually seen and explained, it is possible to cross-verify dry probability results with
understandable human grammatical structures and pass them through an error-checking filter. This highly
complex and logically cautious approach allows reducing to an absolute minimum the false-positive ratings
that are most dangerous in the education and science system and can destroy students’ lives. In rapidly
developing scientific environments like Uzbekistan, to flawlessly, accurately, and correctly process information
in morphologically, syntactically, and semantically rich and variable languages like Uzbek and Russian, directly
importing foreign detector systems is not the answer; instead, continuously retraining and teaching them on
customized open databases specific to national and local values is a crucially important strategic practice at the
state policy level. The automated detection process is no longer just a static, install-once software; it is a very
sharp, active, and dynamic classification struggle against increasingly smarter language models that requires
relentless re-sorting of data and regular updating and tuning of algorithms to local language rules.

Therefore, to prevent future problems, it is strictly recommended that higher education institutions, editorial
boards of prestigious scientific journals, and independent scientific researchers in our country and the world
systematically implement the following practical, institutional steps immediately:

Gradual Abandonment of Single-Metric Commercial Tools and Implementation of Ensemble
Architectures: Universities and editorial boards must abandon relying on closed commercial programs that
output an unjustified single answer like “Artificial Intelligence probability 80%,” and must immediately transition
to open and flexible, complex platforms capable of jointly analyzing both the layered neural network semantic
depth and exact linguistic stylometric dimensions of the text in the process.

Strict Institutional Establishment of False-Positive Error Limits: To legally protect the honest labor
and research of studying students from baseless digital accusations, the relevant academic committees of
higher educational institutions must strictly limit the maximum false-positive (FPR) rate of any implemented
software to between 1% and 5% as a security corridor. It must be legally guaranteed that no disciplinary or
financial action will ever be taken immediately, nor a work rejected, based solely and exclusively on a machine
algorithm’s conclusion without additional full human investigation.

Mandatory Implementation of Human Intervention - Expert Final Control (Human-in-the-loop): By its
nature, any modern algorithmic detection system should only serve as a primary filter indicating the probability
level, an information sieve, not a judging instance. If any research article or dissertation is found “suspicious” or
“synthetic” by the system, the human factor—experienced professors of the field, scientific advisors, or editorial
representatives—must conduct a deep mandatory visual analysis and interview over the scientific logic of the
text, the sequence of the theoretical chain, the existence of original sources of the cited quotations, and the
conceptual core ideas of the work.

Continuous, Open Formation of Data Corpora in Local Languages and Fields: In the current fast-
paced era, commercial generative models are changing their data every week, every hour. In this highly volatile
condition, to maintain research accuracy and save systems from backwardness, regional universities must be
institutionally mandated to continuously and uninterruptedly input verified local texts, graduation qualification
works (specifically in Uzbek, Karakalpak, Russian, and English languages) guaranteed to have been written by
human intellect over centuries and years into the institution’s internal closed detection databases, repeatedly
improving artificial intelligence to work without errors.

Updating Special Policies, Norms, and Authorship Requirements on Academic Writing: Independent
international and local scientific journals must immediately redevelop their publication requirements and
submission rules for authors and researchers in accordance with the spirit of the times. It is the most urgent
requirement of today to implement open, strict, and understandable rules specifying with clear legal terms for
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what limited purposes the author can legally use artificial intelligence during the research process (for example,
only for translation into a foreign language, as an assistant in data analysis, or simple formatting) and when it
is considered an academic crime and prohibited (for example, having Al write the main scientific conclusions
and ideas).
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