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Abstract

As global scholarly research output continues to grow, the number of
submissions to academic journals and conference proceedings is increasing at an
exponential rate. Traditional manual peer review systems are finding it increasingly
difficult to cope with the escalating volume and complexity of review demands.
Issues such as resource bottlenecks, prolonged review cycles, inconsistencies in
evaluation standards, and subjective bias have become increasingly prominent,
severely impacting the timely dissemination of research findings and the healthy
development of the academic community. Against this backdrop, artificial
intelligence (Al)—and especially large language models (LLMs), with their
powerful natural language processing and reasoning capabilities—offer both new

opportunities and challenges for reshaping the scholarly review process.

This thesis focuses on the application and effectiveness of LLM-driven Al
tools in the peer review process for academic manuscripts. It systematically
examines the impact of Al-assisted review on efficiency, accuracy, quality,
cognitive load, and user experience, with the aim of providing both theoretical
foundations and practical pathways for constructing a more efficient, scientific, and
sustainable academic review ecosystem. Two empirical experiments were
conducted to investigate both the independent effects of Al tools and the
mechanisms of their collaboration with human reviewers. Based on large-sample
quantitative and qualitative data, this study comprehensively reveals the advantages,

limitations, and future directions of human-AlI collaborative models.

Experiment I employed a randomised controlled trial (RCT) design, randomly
assigning participants to an experimental group (Al-assisted) and a control group
(human-only independent review), simulating a real journal review environment.
Review tasks covered five core dimensions: content richness, argument logic,
expression and writing, innovation and significance, and overall evaluation. All
materials for review were selected by domain experts, with expert consensus scores
serving as reference standards. Through quantitative analysis of multiple

indicators—review efficiency, scoring deviation, cognitive load, and trust—



Experiment I finds that LLM assistance significantly enhances the overall
efficiency of the review process, with the experimental group showing marked
reductions in time spent on preliminary screening and mechanical formatting tasks.
Moreover, Al assistance demonstrates particularly strong scoring accuracy in
objective, quantifiable dimensions such as “content richness” and “overall
evaluation,” with results highly consistent with expert scores. This markedly
reduces score divergence among reviewers and increases scoring consistency.
However, in dimensions such as “innovation and significance” and “argument
logic,” which require deeper professional judgement and critical thinking, the effect
of LLM assistance is relatively limited. Data analysis indicates that while Al tools
can reduce scoring deviation to some extent, human experts' judgement remains
indispensable in these highly subjective dimensions. Additionally, Al-assisted
review may initially increase cognitive load slightly, but as users become more
familiar, their trust in Al output grows, and cognitive burden tends to decrease

accordingly.

To further explore the potential for and strategies of Al-human reviewer
collaboration, Experiment Il was conducted on the AiScholar platform by
establishing multiple experimental groups with distinct human—AlI collaboration
and reflection mechanisms. The study compared a control group (no Al assistance)
with three types of Al-assisted models: targeted reflection (reflection only on Al-
weakness dimensions), strengths-based reflection (reflection only on Al-strength
dimensions), and comprehensive reflection (multi-round reflection on all
dimensions). The review process consisted of initial review, Al score prompts,
reflection, and final review, with comprehensive collection of data on score
improvement, review duration, subjective cognitive load, and user satisfaction. The
results show that introducing targeted reflection interventions on subjective and
complex dimensions where Al capability is relatively weak (e.g., innovation,
argument logic) can achieve accuracy improvements close to those of
comprehensive reflection, but with significantly lower cognitive and time costs. In
contrast, reflection only on Al-strength dimensions does not effectively improve
review outcomes and may even cause distraction and unnecessary burden. Further

statistical tests and regression analyses confirm that rational task allocation and
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process design—such as targeted reflection—optimise resource allocation and
achieve optimal human—Al collaborative efficiency while maintaining review
quality. Open-ended surveys and user feedback further indicate that the structured
and explainable nature of Al recommendations plays a critical role in increasing
reviewers' trust and stimulating critical reflection. During the reflection intervention
phase, reviewers are more willing to combine Al recommendations with their own

judgement, proactively correcting initial intuitive biases.

By integrating the findings of the two experiments, this thesis further
delineates the complementary advantages and interaction mechanisms between Al
and human experts within the review process. Al excels at rapidly processing large-
scale, structured data analysis and preliminary screening, which significantly
alleviates reviewers’ mechanical workload and demonstrates outstanding
performance in dimensions characterised by high consistency and low subjectivity.
In contrast, human reviewers are able to deploy deep analysis and creative
judgement in addressing the more subjective and complex tasks where Al is less
effective, thereby effectively avoiding the “anchoring effect” and potential systemic
biases of Al. The thesis also systematically discusses the theoretical value of Dual
Process Theory (System 1/2) in Al-human collaborative peer review: Al-generated
suggestions often stimulate rapid, intuitive decision-making (System 1), while the
reflection stage activates deeper reasoning (System 2), thereby achieving a dynamic
balance between review quality and efficiency. By precisely activating System 2
through targeted reflection mechanisms, the collaborative strengths of both Al and

human reviewers are maximised.

This study also establishes strict protocols and institutional safeguards
concerning core issues of ethics, privacy, and data security. All experimental
procedures underwent informed consent and ethical approval; all collected data
were de-identified and stored in encrypted form for academic analysis only. Al
suggestions were presented anonymously in the review interface, precluding any
bias arising from identity information and ensuring the scientific validity and
fairness of the results. Simultaneously, it was made explicit that Al tools serve only
as auxiliary support, and all final judgements rested solely with the reviewers

themselves, strictly preventing automation bias and over-reliance on Al.
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The practical significance of this study lies in providing directly actionable
experiences and decision-making references for the intelligent transformation and
optimisation of the academic publishing field’s review system. First, the research
results offer data-driven evidence for journal editors and publishing organisations,
demonstrating that the adoption of LLM-driven Al tools can not only significantly
enhance review efficiency but also optimise resource allocation and shorten
publication cycles. Second, the design of the targeted reflection mechanism
presents a process improvement paradigm for review platform developers and
administrators, facilitating precise interventions and rational task allocation to
avoid over-reliance on either Al or individual reviewer judgement, thereby
improving review quality and consistency. Third, the collaboration strategies and
interactive processes proposed in this study—such as the “initial human review,
followed by Al prompt, and subsequent reflection for final review”—can serve as
the core logic for building intelligent review platforms, providing both theoretical
foundations and practical templates for the future development of collaborative
human—Al academic review systems. Moreover, the evaluation of subjective
cognitive load and satisfaction offers the academic community quantitative criteria
for determining the appropriateness and application boundaries of Al intervention,
which is valuable for formulating reasonable review standards and quality
monitoring mechanisms. More broadly, the experiences of this study are
transferrable to other knowledge-intensive industries such as healthcare, law,
engineering, and finance, supporting the establishment of efficient, controllable,
and trustworthy intelligent knowledge workflows and driving digital and intelligent

transformation in relevant fields.

In terms of theoretical contributions, this thesis, through abundant
experimental data and rigorous statistical analysis, validates the value of Al-
empowered peer review, clearly delineates the strengths and limitations of Al across
different review dimensions, and proposes the optimised ‘“human—Al
complementarity—targeted reflection” model, thus enriching the empirical content
of decision-making and cognitive theory in human—Al collaboration. On the
practical level, the study provides concrete and feasible design recommendations

for Al review processes in academic journals, research management, and publishing
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industries, such as precisely activating human critical reflection on Al-weak
dimensions and fully leveraging Al automation advantages in objective workflow
stages, laying a solid foundation for the intelligent upgrading and management

innovation of academic review systems.

In summary, through multidimensional and multi-stage experimental design
and data analysis, this thesis comprehensively reveals the great potential of LLM-
driven Al tools in improving the efficiency, quality, and user experience of
academic review, clarifies best practices for the complementary advantages and
dynamic collaboration between Al and human experts, and provides both
theoretical support and practical paradigms for the future intelligent and
standardised development of academic review. With the ongoing advancement of
LLM technology and its deepening application across disciplines, efficient
knowledge work modes characterised by close collaboration between Al and human
experts are expected to be promoted in a broader range of research contexts, thereby
facilitating the high-quality development of scholarly publishing and innovation

ecosystems.

Keywords:Artificial Intelligence; Academic Paper Review; Al Assistance; Human-
Al Collaboration; Review Efficiency; Review Accuracy; Innovation; Methodologys;
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