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ABSTRACT

The exponential growth of scholarly output and the advent of generative artificial intelligence have intensified demands for
scalable, accurate verification of academic content, encompassing plagiarism detection, citation accuracy, factual consistency,
and identification of Al-generated text. This review examines automated verification systems powered by domain-specific
large language models (LLMs), framing them as intelligent engineering systems (IES) that enhance research integrity within
academic publishing ecosystems. Grounded in systems engineering, cyber-physical systems (CPS) theory, and information
theory, these frameworks leverage fine-tuned scientific language models, retrieval-augmented generation (RAG), and cross-
modal analysis of text, figures, and citation networks. The analysis delineates four Al-driven transformation pathways: from
generic, standardized screening tools to personalized, discipline-specific verification; from reactive post-submission detection
to proactive risk forecasting during manuscript development; from labor-intensive manual curation to autonomous intelligent
pipelines; and from isolated software modules to integrated cyber-physical ecosystems linking authors, editors, reviewers,
and institutional repositories. Concrete examples include domain-specific LLMs such as SciBERT and BioBERT augmented
with RAG for citation context verification, and graph-based models for detecting anomalous citation patterns. While these
systems markedly improve throughput and consistency, they introduce risks of hallucination, training-data bias, and
adversarial manipulation. Future trajectories emphasize knowledge-grounded architectures, multi-agent verification
ensembles, and digital-twin representations of the scholarly communication process. The work supplies a rigorous foundation
for developing trustworthy, domain-aware verification technologies aligned with broader IES principles.
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1. INTRODUCTION

The integrity of scholarly communication underpins scientific progress, yet manual verification of manuscripts for plagiarism,
citation accuracy, factual consistency, and emerging threats such as Al-generated content has become unsustainable amid rising
submission volumes and reviewer fatigue [1,2]. Domain-specific large language models (LLMs), pre-trained or fine-tuned on
scientific corpora, offer a transformative solution by enabling nuanced understanding of disciplinary language, citation
contexts, and logical coherence that generic detectors cannot achieve. These systems process heterogencous inputs—text,
mathematical expressions, figures, and citation graphs—through transformer architectures augmented by retrieval mechanisms
to ground outputs in verifiable knowledge sources.

Positioned within intelligent engineering systems (IES), automated academic content verification constitutes a cyber-physical
pipeline in which the “physical” elements (manuscripts, author workflows, editorial processes) are tightly coupled with
computational layers (LLM inference, knowledge retrieval, anomaly detection) through continuous feedback loops. Grounded
in systems engineering for end-to-end pipeline assurance, CPS theory for real-time monitoring of verification outcomes against
actual editorial decisions, and information theory for quantifying uncertainty reduction across modalities and knowledge
sources, such frameworks exemplify Al-driven transformation of academic quality assurance. This review synthesizes
theoretical foundations, transformation pathways, practical applications, and critical challenges, balancing demonstrated gains
in scalability and consistency against risks of model hallucination, bias amplification, and over-reliance on automated
judgments. Concrete illustrations are drawn from validated deployments of scientific LLMs in journal workflows and
institutional integrity offices.

2. The Theoretical Foundation of Artificial Intelligence and Intelligent Engineering Systems
2.1 The Connotation and Characteristics of Intelligent Engineering Systems
Intelligent engineering systems integrate physical or socio-technical processes with computational intelligence and

bidirectional data flows to exhibit adaptive, goal-directed behavior under uncertainty. Defining characteristics include
autonomy in complex decision-making, adaptability through continuous learning from operational data, resilience via self-
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diagnosis and drift detection, and interconnectivity supporting coordinated system-of-systems operation [1,3]. These properties
align directly with cyber-physical architectures in which real-world entities are augmented by cyber layers that close feedback
loops in real time.

In academic publishing, an automated verification system functions as a socio-technical IES. Manuscripts and associated
artifacts (figures, datasets, citation lists) constitute the physical layer, while domain-specific LLMs, retrieval engines, and graph
analytics form the cyber layer that performs perception (content parsing), comprehension (factuality and originality
assessment), and projection (risk forecasting). The system perceives multi-modal scholarly content, reasons about integrity
violations or quality issues, and actuates recommendations or flags that feed back into editorial or author revision cycles.
Domain-specific pre-training on scientific text has been shown to capture disciplinary semantics and citation conventions more
effectively than general-purpose models, enabling higher precision in verification tasks [1,2].

2.2 The Theoretical Logic of Artificial Intelligence Empowering Engineering Systems

The enabling logic rests on three complementary theoretical pillars. Systems engineering supplies the holistic methodology for
requirements specification, modality alignment, and rigorous verification of the end-to-end verification pipeline. CPS theory
provides the architectural pattern of networked computation embedded within socio-technical workflows, supporting
continuous model updating from editorial outcomes and author revisions. Information theory offers the quantitative foundation:
verification corresponds to entropy reduction regarding the originality, factual grounding, and logical coherence of scholarly
claims; optimal retrieval-augmented and cross-modal architectures maximize mutual information between model outputs and
ground-truth knowledge sources or citation contexts [3,4].

Al empowers these systems by learning rich, context-sensitive representations that rule-based or traditional machine-learning
detectors cannot capture. Domain-specific LLMs encode scientific discourse patterns, while RAG mechanisms retrieve and
cross-reference external knowledge to mitigate hallucination. Graph neural networks model citation networks for anomaly
detection. An original insight is that such verification pipelines perform progressive “information-to-decision” compression
across heterogeneous scholarly artifacts: raw multi-modal content is abstracted into compact integrity and quality signals that
preserve evidentiary value while enabling scalable, low-latency inference suitable for high-volume journal or institutional
deployment.

3. The Transformation Path of Intelligent Engineering Systems Mode Driven by Artificial Intelligence
3.1 Transition from Standardized Production to Personalized and Flexible Manufacturing

Standardized verification historically relied on generic plagiarism-detection engines and rule-based citation format checkers
applied uniformly across disciplines. Domain-specific LLMs enable a transition to personalized, flexible “manufacturing” of
verification outputs tailored to individual fields, author stylistic profiles, or institutional norms. Fine-tuned models such as
SciBERT or BioBERT, augmented with domain-specific retrieval corpora, generate nuanced assessments of originality,
citation appropriateness, and disciplinary conventions that generic tools overlook [1,5]. Concrete examples include systems
that adapt verification thresholds and explanation styles for engineering versus biomedical manuscripts or that incorporate
author-specific writing histories for style-consistency analysis. This personalization improves relevance and acceptance by
domain experts, yet introduces risks of overfitting to limited disciplinary corpora and requires ongoing calibration against
evolving publication standards.

3.2 Transition from Reactive Response to Proactive Prediction and Optimization

Traditional integrity checks occur reactively after submission, often identifying issues only during peer review or post-
publication. Multi-modal domain-specific LLMs shift the paradigm toward proactive prediction and optimization. Models
trained on historical manuscript—decision pairs forecast potential integrity risks or quality deficiencies during pre-submission
or drafting stages, while optimization routines suggest targeted revisions [3,6]. Reinforcement learning can further optimize
verification prioritization or author guidance strategies by treating successful editorial outcomes as reward signals. Real-world
illustrations include pilot systems that scan preprints for citation anomalies or factual inconsistencies and provide authors with
prioritized remediation recommendations before formal submission. The proactive stance reduces downstream editorial burden
and improves manuscript quality upstream, although over-prediction of risks may discourage legitimate innovative work or
introduce new forms of publication bias.

3.3 Transition from Manual Operation to Autonomous Intelligent Control
Verification previously depended on labor-intensive manual screening by editors or specialized staff supplemented by basic
software. Domain-specific LLMs enable a transition to autonomous intelligent control through end-to-end or hierarchical

pipelines that parse, retrieve, reason, and flag issues with minimal human intervention [2,4]. RAG-augmented LLMs perform
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real-time citation context verification and factual grounding checks, while graph-based modules detect anomalous citation or
co-authorship patterns. Edge or secure on-premise deployments support confidential processing of unpublished manuscripts.
Demonstrated prototypes achieve high agreement with expert human verifiers on benchmark integrity tasks while scaling to
thousands of submissions. Autonomy alleviates reviewer and editor workload, yet necessitates robust uncertainty estimation,
human oversight mechanisms, and clear escalation protocols for borderline or high-stakes cases.

3.4 Transition from Isolated Systems to Integrated Cyber-Physical Ecosystems

Isolated verification tools operate on static inputs without learning from broader editorial or post-publication outcomes.
Integration into cyber-physical ecosystems connects LLM-based verifiers to journal management platforms, ORCID and
Crossref databases, institutional repositories, and digital twins of research workflows [5,7]. Shared representations enable
continuous model improvement from aggregated (anonymized) editorial decisions while preserving manuscript confidentiality.
Digital twins of individual manuscripts or author profiles support longitudinal integrity monitoring and personalized guidance.
This ecosystem perspective transforms verification from a discrete checkpoint into a resilient, learning component of the
scholarly communication infrastructure, while elevating data governance, interoperability standards, and auditability to primary
design requirements.

4. Applications of Artificial Intelligence in Intelligent Engineering Systems
4.1 Application in Intelligent Fault Diagnosis and Predictive Maintenance

Data-driven fault diagnosis and predictive maintenance sustain long-term reliability of verification systems. Drift detectors
monitor degradation in LLM performance caused by evolving disciplinary language, new publication formats, or adversarial
content [6,8]. Predictive models forecast when verification accuracy on specific subfields or content types will fall below
acceptable thresholds, triggering targeted fine-tuning or retrieval-corpus updates. Concrete examples include monitoring
frameworks that detect rising hallucination rates on emerging research topics and automatically schedule domain-adaptive
retraining using recent open-access literature. This approach maintains calibration of verification outputs across dynamic
academic landscapes, although it requires high-quality labeled outcome data from editorial decisions and careful control of
false-positive drift alerts that could disrupt publishing workflows.

4.2 Application in Intelligent Process Optimization and Quality Control

Treating the verification pipeline itself as the optimizable “process™ yields measurable improvements in throughput and output
quality. Multi-objective optimization and automated prompt or architecture search tune retrieval strategies, fusion weights, and
explanation generation to balance accuracy, calibration, and computational cost [3,4]. Quality control encompasses rigorous
benchmarking against expert-annotated integrity datasets, temporal validation that simulates real-world deployment drift, and
human-in-the-loop auditing of LLM-generated flags and explanations. Graph-based and cross-modal modules provide real-
time “in-line inspection” of citation networks and figure integrity. These techniques have produced documented gains in both
precision-recall metrics for integrity violation detection and downstream editorial efficiency, although certifying generalization
across the full diversity of scholarly genres and disciplines remains challenging.

4.3 Application in Intelligent Human-Machine Collaboration and Operational Efficiency Enhancement

Full automation of integrity decisions raises ethical and epistemic concerns; intelligent human—machine collaboration
maximizes efficiency while preserving expert accountability. Domain-specific LLMs supply decision support through ranked
integrity assessments, highlighted evidence passages, and natural-language explanations grounded in retrieved sources [2,7].
Interactive dashboards allow editors or integrity officers to query the model, inspect supporting evidence, and override or refine
outputs. This collaborative model accelerates screening of high-volume submissions and standardizes assessment criteria across
editorial teams, enabling specialists to concentrate on nuanced or high-impact cases. Interface design must actively
communicate model uncertainty and limitations to prevent automation bias and maintain appropriate human authority over
final judgments.

5. Challenges and Prospects of Artificial Intelligence Empowering Intelligent Engineering Systems
5.1 Current Main Challenges

Domain-specific LLMs remain susceptible to hallucination and factual inconsistency when retrieval coverage is incomplete or
when encountering novel interdisciplinary content [1,5]. Training-data biases can perpetuate or amplify existing inequities in
citation practices or disciplinary representation. Adversarial attacks—subtle textual manipulations designed to evade
detection—pose growing risks to automated integrity systems. Privacy and confidentiality constraints limit large-scale training
and evaluation on real unpublished manuscripts. Regulatory and community acceptance of automated verification for high-
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stakes decisions (rejection, retraction, or authorship investigation) lags behind technical capability, while the rapid evolution
of generative Al outpaces the development of robust, future-proof detectors. Finally, over-reliance on automated flags may
erode human critical judgment and introduce new forms of publication bias.

5.2 Prospects for Future Development Trends

Promising directions address these limitations through knowledge-grounded and multi-agent architectures that combine
multiple domain-specific LLMs with symbolic reasoning layers and structured knowledge graphs, substantially reducing
hallucination while improving explainability [4,8]. Federated and privacy-preserving fine-tuning paradigms enable
collaborative improvement across institutions without centralizing sensitive manuscripts. Digital-twin representations of the
scholarly communication process will support prospective simulation of verification policies and longitudinal integrity
monitoring at individual, institutional, and field levels. Advances in uncertainty quantification, causal representation learning,
and adversarial robustness testing will strengthen the evidentiary basis for regulatory acceptance. Over the medium term, these
developments are expected to embed domain-specific LLM verification as a routine, trustworthy layer within learning academic
ecosystems, materially strengthening research integrity while furnishing transferable design principles for IES in other high-
stakes knowledge-intensive domains.

6. Conclusion

This review has positioned automated academic content verification systems powered by domain-specific large language
models as a paradigmatic example of Al-empowered intelligent engineering systems operating at the heart of scholarly
communication. By grounding the analysis in systems engineering, cyber-physical systems theory, and information theory, the
framework illuminates four interlocking transformation pathways that shift integrity assurance from reactive, generic, and
labor-intensive modes toward proactive, personalized, and ecosystem-integrated intelligence. Applications in model
monitoring, process optimization, and human—Al collaboration demonstrate concrete benefits in scalability, consistency, and
editorial efficiency, supported by benchmark evaluations and early institutional deployments [1-8]. Persistent challenges in
hallucination control, bias mitigation, adversarial robustness, and socio-technical acceptance nevertheless require sustained
interdisciplinary research. Future progress depends on knowledge-grounded architectures, privacy-preserving collaboration,
and rigorous assurance methodologies capable of delivering certifiable, equitable, and explainable verification. Successful
realization will materially strengthen the foundations of research integrity while offering generalizable insights for the design
of trustworthy intelligent engineering systems across knowledge-intensive domains.
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