Journal of Educational Technology and Innovation

Zcilight

https://jeti.thewsu.org/index.php/cieti

Review

Al-Driven Research Ecosystem: Unifying Human-Al
Collaboration Models and New Research Thinking
Paradigms

Feng Xiong !, Xinguo Yu *, Hon Wai Leong ? and Anran Ma !

! Faculty of Artificial Intelligence in Education, Central China Normal University, Wuhan 430079, China
2 Department of Computer Science, National University of Singapore, Singapore 119077, Singapore
* Correspondence: xgyu@ccnu.edu.cn

How To Cite: Xiong, F., Yu, X., Leong, H. W., & Ma, A. (2025). Al-Driven Research Ecosystem: Unifying Human-Al Collaboration Models
and New Research Thinking Paradigms. Journal of Educational Technology and Innovation, 7(1), 39-53. https://doi.org/10.61414/n0n76¢97.

Received: 25 January 2025 Abstract: The integration of artificial intelligence (Al) is fundamentally reshaping
Revised: 10 March 2025 the scientific research, giving rise to a new era of discovery and innovation. This
Accepted: 25 March 2025 paper explores this transformative shift, introducing an innovative concept of the
Published: 31 March 2025 “Al-Driven Research Ecosystem”, a dynamic and collaborative research

environment. Within this ecosystem, we focus on the unification of human-Al
collaboration models and the emerging new research thinking paradigms. We
analyze the multifaceted roles of Al within the research lifecycle, spanning from a
passive tool to an active assistant and autonomous participants, and categorize these
interactions into distinct human-AlI collaboration models. Furthermore, we examine
how the pervasive involvement of Al necessitates an evolution in human research
thinking, emphasizing the significant roles of critical, creative, and computational
thinking. Through a review of existing literature and illustrative case studies, this
paper provides a comprehensive overview of the Al-driven research ecosystem,
highlighting its potential for transforming scientific research. Our findings advance
the current understanding of AI’s multiple roles in research and underscore its
capacity to revolutionize both knowledge discovery and collaborative innovation,
paving the way for a more integrated and impactful research paradigm.

Keywords: Al; research ecosystem; human—Al collaboration; research thinking;
research paradigm

1. Introduction

The rapid advancement of artificial intelligence (AI) technologies, particularly pretrained large-scale
language models (LLMs) and multimodal models, is profoundly reshaping the field of scientific research. High-
impact journals such as Nature and Science, alongside premier academic conferences including NeurIPS, ICML,
AAAI and CVPR, have documented AI’s diverse applications in automating literature reviews, data analysis,
interdisciplinary knowledge integration, and scientific discovery. Simultaneously, breakthroughs from leading Al
research institutions—such as OpenAl, Google DeepMind, and Microsoft Research—have transformed theoretical
innovations into practical tools that enhance research workflows.

For instance, the GPT series excels in natural language generation, facilitating automated literature synthesis
and scientific writing (Brown et al., 2020). BERT and its variants support precise data mining and knowledge
graph construction through superior semantic understanding (Devlin et al., 2019). Meanwhile, models like DALL-
E enable novel visualization techniques, providing interdisciplinary researchers with innovative means to explore
patterns and concepts beyond textual data (Ramesh et al., 2021). Beyond these specialized models, integrated
multimodal architectures—combining textual, visual, and auditory data—have further expanded the depth and
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breadth of research methodologies, promoting Al-driven advancements in experimental design and data
processing. Furthermore, Al is increasingly moving beyond the roles of tool and assistant to become an active and
independent research participant (Xiong et al., 2024a). As a research agent, Al systems like SciAgents
(Ghafarollahi & Buehler, 2024) autonomously generate hypotheses in fields like bioinspired materials science.
Besides, Al is also being utilized as a research subject, as exemplified by the AlTurk (Qin et al., 2024) where
LLMs simulate human responses in social science experiments. This paradigm shift necessitates a comprehensive
understanding of the evolving relationship between human researchers and Al, and the structural changes
occurring within the research environment itself.

In response to this evolution, this paper introduces an innovative concept of the “Al-Driven Research
Ecosystem”, a dynamic and collaborative research environment where Al’s expanding role in knowledge creation
is reshaping scientific inquiry itself. This ecosystem offers unprecedented possibilities for human-Al collaboration
and the emergence of new research thinking paradigms. Against this context, this study examines the evolving
roles of Al within the Al-driven research ecosystem and their implications for new research thinking paradigms.
We hold the view that the integration of Al across various functionalities in research—encompassing its capacity
as a tool, assistant, and active participant—fundamentally reconfigures the research process. A rigorous and
systematic understanding of these multifaceted roles within the proposed Al-driven research ecosystem is crucial,
as it not only promises to enhance research efficacy but also to cultivate novel interdisciplinary collaborations,
thereby signifying a substantive evolution in the very fabric of scientific inquiry.

The primary work of this paper unfolds through a structured exploration of the Al-driven transformation of
scientific research. We commence by introducing the novel concept of the “Al-Driven Research Ecosystem”,
establishing a foundational framework for understanding the integration of Al. Subsequently, we delve into
“human-Al collaboration models”, categorizing and analyzing the various ways in which humans and Al can
collaborate across the research lifecycle. This is followed by an examination of “Al-driven new research thinking
paradigms”, where we define the human research thinking and explore how Al shapes the evolution of human
research thinking through the 3C theoretical framework. We then analyze “Al’s multiple roles empowering
research thinking”, detailing how the diverse involvement of Al contributes to human cognitive processes in
research. Finally, we present “case analysis of human-Al collaborative potential in research ecosystems”,
providing empirical evidence and practical illustrations of the transformative impact of Al on scientific
collaboration and innovation.

2. AI-Driven Research Ecosystem

The integration of artificial intelligence is fundamentally reshaping scientific research, moving beyond an
auxiliary tool to become a central component driving new methodologies. This part delves into the concept of the
“Al-Driven Research Ecosystem,” a dynamic system where Al technologies are intrinsically woven into the fabric
of scientific investigation, fundamentally altering traditional methodologies and fostering new paradigms of
research thinking.

2.1. Definition of AI-Driven Research Ecosystem

The Al-Driven Research Ecosystem is defined as a dynamic and collaborative environment where Al acts as
an intelligent partner and participant throughout the research lifecycle. This ecosystem fosters intelligent
automation, augments research capabilities, drives knowledge discovery, and facilitates hypothesis generation,
marking a significant shift in how research is conducted. Beyond enabling the intelligent automation of workflows,
the Al-driven research ecosystem is distinguished by AI’s capacity to drive knowledge discovery, facilitate
hypothesis generation, and autonomously participate in experimental processes. These advanced functionalities
represent a significant evolution from traditional approaches, catalyzing a paradigm shift in scientific
methodologies and the very nature of research itself.

2.2. Components of the AI-Driven Research Ecosystem

This section delineates the key components that constitute the Al-driven research ecosystem. To provide a
structured analysis, we examine these components through the framework of activities that are transformed by Al
throughout the research lifecycle and the actors that operate within this evolving environment.
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2.2.1. Activities within the AI-Driven Research Ecosystem

e  Al-Driven Research Literature: Al-powered tools, such as recommendation systems and NLP, significantly
transform literature review by efficiently suggesting relevant articles and synthesizing information to identify
key findings and gaps.

e  Al-Driven Research Question: Human-Al collaboration enhances question formulation. Al analyzes literature
to identify unanswered questions and helps refine broad interests into focused, impactful, and feasible inquiries.

e  Al-Driven Research Paradigm: Al can shape overarching research frameworks by enabling novel
methodologies and interdisciplinary collaborations, potentially leading to the evolution or creation of new
paradigms through its ability to integrate diverse information.

e  Al-Driven Research Method: Al plays a key role in defining research methods, including developing Al-
powered data collection tools (e.g., adaptive surveys) and optimizing experimental designs by suggesting
parameters and predicting outcomes.

e  Al-Driven Research Experiment: Al transforms experiment execution by automating procedures, controlling
equipment, and collecting precise data. Al can also serve as a research participant in simulations or as an entity
being studied.

e  Al-Driven Research Data-analysis: Al’s ability to analyze complex datasets using machine learning algorithms
is crucial for identifying patterns and anomalies. Al also aids in data visualization and interpretation to extract
meaningful insights.

e  Al-Driven Research Writing: Al tools support the documentation and communication of research findings by
assisting with grammar, style, and clarity, and even drafting sections of papers, streamlining the writing process.

2.2.2. Actors within the Al-Driven Research Ecosystem

The Al-Driven Research Ecosystem comprises a diverse set of actors, each playing a vital role in its
functioning and evolution.

e  Human Researchers: Human researchers are the foundational actors in the Al-driven research ecosystem,
possessing domain-specific knowledge, research thinking, and the ability to formulate original research
questions. They are responsible for defining research objectives, designing methodologies, interpreting
results (including Al outputs), ensuring ethical conduct, disseminating findings, and guiding the application
of Al tools to advance their research goals.

e Al Researchers: Al can take on various roles within the research process, effectively acting as a researcher
in different capacities. (1) Al as a research tool (ART). Al serves as a sophisticated instrument to augment
human researchers’ capabilities, with examples including Al for data analysis, literature review, simulation
and modeling, operating under human direction to perform specific tasks; (2) Al as a research assistant (ARA).
Al takes on a more proactive and supportive role, working alongside human researchers by assisting with
research planning, experiment design, and providing personalized research support, exhibiting more
autonomy but remaining under human oversight; (3) Al as research participants (ARPs). Al becomes a more
active agent in the research process, potentially contributing to question formulation and experimental design,
scientific discovery, exhibiting greater agency while still operating within human-defined boundaries.
Furthermore, Al can even act as research subjects in experiment process.

2.3. Overview of AI-Driven Research Ecosystem

The Al-Driven Research Ecosystem operates as an iterative and interconnected process (Figure 1),
integrating Al throughout scientific inquiry to enhance traditional workflows. This cyclical process sees Al in
different roles. As a research tool, Al supports research literature review and research writing. As a research
assistant, Al aids in research topic identification and research question formulation. Notably, Al evolves to
Research Participants in shaping the Research Paradigm, selecting Research Methods, and even during the
Research Experiment stage. These distinct Al Roles will be explored in greater detail in the subsequent chapter,
further elucidating their impact on the future trajectory of scientific research.
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Figure 1. Overview of Al-Driven Research Ecosystem.

3. Unified Human-Al Collaboration Models

In Al-Driven Research Ecosystem, the integration of Al into research has fundamentally reshaped the
landscape of scientific inquiry, giving rise to diverse of human-Al collaboration models. These models can be
categorized based on AI’s level of autonomy and engagement, forming a progressive continuum from passive
automation to interactive assistance and finally to autonomous participation (Xiong et al., 2024a). Therefore, the
human-AlI collaboration in research can be classified into three distinct models:

e  AlasaResearch Tool (ART)—AI functions as a passive tool that enhances efficiency by automating repetitive
research tasks.

e Al as a Research Assistant (ARA)—AI takes on an interactive role, engaging with researchers to refine
methodologies, optimize experimental processes, and analyze data.

e  AlasResearch Participants (ARPs)—AI actively participates in research, either by autonomously generating
insights (Al as a Research Agent) or by being studied as an experimental subject (Al as a Research Subject).

This classification reflects an increasing level of Al autonomy and contribution, reshaping research
methodologies across disciplines, as depicted in Figure 2.

m ART: Al as a research tool

. ARA: Al as a research assistant

HumanU Al ARPs: Al as research participants -

Unified Human-Al Collaboration Models

Figure 2. Unified human-AlI collaboration models.

3.1. Al as a Research Tool (ART)

At the foundational level, Al operates as a research tool (ART), primarily augmenting human capabilities by
automating repetitive, time-consuming tasks. In literature retrieval and academic writing, Al-driven platforms such
as Semantic Scholar, Google Scholar streamline information processing, enabling researchers to analyze vast
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datasets with efficiency (Burger et al., 2023; Li & Zou, 2019). Similarly, Al-based writing assistants like
Grammarly and Zotero enhance manuscript clarity and citation management (Nah et al., 2023). By optimizing
these foundational tasks, ART reduces researchers’ cognitive burden, allowing them to focus on higher-order
intellectual pursuits rather than manual processing.

3.2. Al as a Research Assistant (ARA)

Beyond passive automation, Al assumes a more interactive role as a research assistant (ARA), engaging with
researchers in hypothesis generation, experiment design, and data analysis. Al’s adaptive capabilities enable it to
optimize research workflows, refine methodologies, and provide real-time insights. In neuroimaging and
behavioral research, Al systems recommend experimental protocols, detect anomalies, and adjust parameters
dynamically, improving data accuracy and reproducibility (Birbaumer et al., 2006; Darestani et al., 2021).
Furthermore, large language models (LLMs) enhance survey design and qualitative research by adapting questions
in real time based on participant responses (Grossmann et al., 2023). For instance, studies have shown that Al can
replicate expert-coded labels across disciplines such as political science and sociology, demonstrating its ability
to function as an intelligent research collaborator (Korinek, 2023; Ziems et al., 2023). However, while Al as an
assistant improves efficiency, it remains fundamentally subordinate to human researchers, lacking the autonomy
to initiate independent research agendas.

3.3. Al as Research Participants (ARPs)

Al as aresearch participant (ARP) represents a paradigm shift from Al as a tool or assistant to an autonomous
entity in research. Unlike ART and ARA, which function under human direction, ARPs engage in research either
as independent collaborators (Al as research agents) or as experimental subjects (Al as research subjects). The
nature of human-Al collaboration differs across these roles: as research agents, Al and humans co-create
knowledge, whereas as research subjects, Al is analyzed for its cognitive and behavioral properties.

3.3.1. Al as Research Agents

Al as research agents engage in hypothesis generation, methodological refinement, and scientific evaluation,
contributing actively to the research process. For instance, MIT’s SciAgents framework structures Al-driven
research into specialized models that define concepts, generate hypotheses, and evaluate research quality
(Ghafarollahi & Buehler, 2024). This system mirrors aspects of human scientific reasoning, enabling Al to explore
vast knowledge spaces and propose research ideas that humans assess and refine.

The human-Al collaboration in this setting is co-creative, with Al accelerating hypothesis testing while
humans provide contextual judgment and theoretical grounding. However, AI’s reliance on pre-existing
knowledge raises concerns about originality, making human oversight essential to validate Al-generated insights.
To enhance Al’s credibility as a research agent, transparency in decision-making processes and interpretability of
Al-generated knowledge are crucial.

3.3.2. Al as Research Subjects

Al as research subjects shifts Al from an active collaborator to a passive entity under human investigation.
In social and cognitive sciences, Al-driven models are increasingly used to simulate human behavior and decision-
making. Platforms like AlTurk facilitate Al-based human subject simulations, allowing large-scale behavioral
studies without traditional human participants (Qin et al., 2024).

A recent study tested Al’s ability to replicate human-like responses by ensuring that its training data did not
include studies published after a certain date. While this demonstrated AI’s potential for controlled behavioral
modeling, it also highlighted limitations—AI lacks human emotions, biases, and contextual understanding, making
its responses inherently constrained by its training data and algorithms.

In this context, human-Al interaction is observational rather than collaborative, with researchers analyzing
Al’s behavioral outputs rather than working alongside it as a knowledge partner. Ethical concerns regarding
validity, generalizability, and transparency must be addressed before Al can be widely adopted as a reliable
research subject.

3.4. Comparative Analysis of Human-AI Collaboration

The evolution of Al in research influences how humans collaborate with Al, shifting from task automation
(ART) to interactive assistance (ARA) and finally to autonomous engagement (ARP). The following Table 1
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summarizes how Al roles shape human-Al research collaboration, focusing on interaction dynamics, human
responsibilities, Al contributions, and key challenges.

Table 1. Al roles and human-AlI collaboration in research process.

fH -
Al Role Nature o urflan Human Responsibilities Al Contributions
Al Collaboration

. Defines tasks; S i Automates tasks,
Al as a Research Tool (ART) Task automation CHINCS TASKS, SUpCIvISes Lomates fasks

Al actions; improves efficiency

Al as a Research Assistant Interactive Designs studies; Optimizes process,
(ARA) collaboration Validates Al’s analyses; Suggests refinements
Al as Research Human-Al co- Interprets Al insights; Generates hypotheses;

Al as Research _ Agents creation Sets research objectives; Proposes solutions;
Participants Al as Research Al as experimental ~ Designs experiments, Simulates human-like

(ARPs) behavior, interacts

Subjects entities examine Al’s responses : o
with research stimuli,

As shown in Table 1, the progression from ART to ARA to ARP marks a shift from Al as a passive tool to
an autonomous research participant, fundamentally altering human-AlI collaboration models. In ART and ARA,
Al primarily supports human decision-making, either by automating tasks or optimizing research workflows, with
humans retaining full control over research direction and interpretation. However, as Al assumes the role of a
research agent (ARP-Agents), it begins to generate hypotheses and refine methodologies, raising questions about
the originality, validity, and interpretability of Al-generated knowledge. Meanwhile, as a research subject (ARP-
Subjects), Al becomes an object of study, useful for behavioral and cognitive modeling but inherently limited by
its lack of human cognition and lived experience.

4. New Research Thinking Paradigms

4.1. Definition of Human Research Thinking

Traditional research thinking comprises three core cognitive abilities: breaking down complex problems and
critically evaluating their components to uncover underlying structures; developing innovative ideas and refining
them through logical validation to enhance research approaches; and creating structured problem-solving
frameworks and creatively adapting them to novel research contexts (Xiong et al., 2024b). Therefore, research
thinking has historically involved the capacity for decomposition and analysis, idea generation and refinement,
and algorithm design and implementation.

Based on above analysis, we define human research thinking as critical thinking, creative thinking and
computational thinking through the lens of three essential and interconnected modes of thought:

e  C(ritical Thinking: This involves rigorously evaluating information, methodologies, and findings through logical
reasoning, bias identification, and assessment of validity, ensuring research trustworthiness in the Al era.

e  Creative Thinking: This refers to the ability to generate novel ideas and solutions by exploring unconventional
perspectives, connecting concepts, and adapting knowledge, driving innovation in Al-driven research.

e  Computational Thinking: This involves the ability to formulate problems for effective processing, including
decomposition, pattern recognition, abstraction, and algorithm design, essential for leveraging Al tools in
research workflows.

Thus, research thinking encompasses computational thinking, critical thinking, and creative thinking, each
contributing to different aspects of problem-solving, innovation, and knowledge generation. Critical thinking
ensures rigorous evaluation and logical reasoning, and creative thinking fosters originality and adaptability in
research, and computational thinking enables structured analysis and systematic solutions,

4.2. New Research Thinking Paradigm

In our previous work, we introduced the “3C” framework (Xiong et al., 2024b), which integrates critical,
creative, and computational thinking. The “3C” framework is crucial for navigating the Al-driven research
ecosystem. Al is not merely a tool for efficiencys; it is actively shaping how researchers approach problems, analyze
data, and generate insights. The 3C Framework provides a structured model to ensure that Al’s integration
enhances rather than replaces human intellectual agency:
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e  C(ritical Thinking safeguards research integrity by requiring rigorous evaluation of Al-generated insights,
preventing biases and maintaining methodological accuracy.

e  Creative Thinking enables researchers to use Al-driven generative models as inspiration tools while
preserving human originality and intellectual diversity.

e  Computational Thinking allows researchers to leverage Al’s algorithmic power to tackle complex problems
efficiently, ensuring structured and scalable approaches to research.

This integration of Al into multi-dimensional research thinking forms the foundation for a strategic human-

Al partnership, where researchers retain control over knowledge generation, ethical responsibility, and scientific
integrity, as shown in Figure 3.

Research
Thinking

- \___/
\\- Human U Al

Al-driven New Research Thinking Paradigms

Figure 3. Al-driven new research thinking paradigms.

4.3. Al-Enhanced Human Critical Thinking

In the Al-driven research ecosystem, Al is reshaping critical thinking by expanding researchers’ ability to
analyze, evaluate, and synthesize information. Natural language processing (NLP) models provide adaptive
learning and real-time analytical insights (Labadze et al., 2023; Mayasari et al., 2024), helping researchers
critically assess vast amounts of literature (Szmyd & Mitera, 2024).

However, as Al-driven analysis tools become more sophisticated, concerns arise regarding over-reliance on
Al for critical evaluation, as highlighted by Ferrucci et al. (2013). While Al can detect patterns, contradictions,
and logical gaps, it lacks human intuition, ethical reasoning, and contextual awareness, making human oversight
essential (Bender et al., 2021).

A new paradigm of Al-empowered critical thinking must therefore ensure that Al enhances, rather than
diminishes, human analytical rigor. Researchers must develop hybrid evaluation strategies, where Al assists in
information processing, but final interpretations and critical judgments remain firmly within human control. This
approach preserves scientific integrity, originality, and intellectual independence in the research ecosystem.

4.4. AI-Enhanced Human Creative Thinking

AT’s role in creative research thinking is expanding, with generative models facilitating ideation, design, and
knowledge discovery. Gobet and Sala (2019) highlight how Al-assisted tools enhance collaborative creativity,
introducing alternative perspectives and accelerating innovation in research and design fields. Similarly, studies
by Csikszentmihalyi (1996) and Sternberg & Lubart (1995) suggest that Al extends the boundaries of traditional
creativity, offering novel solutions beyond conventional human cognition (McCormack et al., 2019; Sawyer, 2006).

Despite these advancements, Al-driven creativity must be carefully managed. Al models inherently generate
outputs based on existing data, meaning over-reliance on Al may lead to idea convergence rather than true
originality (Csikszentmihalyi, 1996; Elgammal et al., 2017). Al can suggest unconventional connections, but
human intuition, experience, and cultural understanding remain irreplaceable in creative problem-solving.

Thus, in the Al-driven research ecosystem, creativity should be viewed as a human-Al co-evolution process,
where Al serves as an expansion tool rather than a replacement for human ideation. The key to maintaining
intellectual depth and originality lies in strategic integration, where researchers leverage Al for inspiration while
ensuring that human insight and creative judgment drive the final output.
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4.5. AI-Enhanced Human Computational Thinking

Computational thinking in the Al-driven research ecosystem has undergone a transformation, where Al assists
in problem decomposition, pattern recognition, and large-scale data processing. Platforms like Code.org and Scratch
(Brennan & Resnick, 2012) provide structured environments for developing algorithmic reasoning, aligning with
Wing’s Computational Thinking model (Wing, 2006). Al allows researchers to focus on higher-order problem-
solving by automating repetitive calculations and optimizing data processing workflows (Weintrop et al., 2016).

However, as Grover and Pea (2013) emphasize, Al-driven computational workflows introduce challenges
related to algorithmic bias, ethical transparency, and interpretability. If researchers uncritically accept Al-
generated computations, they risk amplifying biases and overlooking fundamental errors. Therefore, the new
computational thinking paradigm must balance Al automation with human verification, ensuring that Al-driven
insights are interpretable, ethically sound, and aligned with scientific rigor.

The Al-driven research ecosystem demands a shift from blind reliance on Al models to a collaborative
approach, where Al assists in computational reasoning, but human researchers remain responsible for oversight,
validation, and ethical accountability.

4.6. AI’s Role in Shaping Research Thinking Paradigms

Across critical, creative, and computational thinking, Al is reshaping the fundamental processes of research.
However, its role should be positioned as an enabler rather than a substitute for human intelligence. The Al-driven
research ecosystem requires active human oversight, ethical Al integration, and a balanced approach to Al
augmentation.

e  Critical Thinking: Al enhances data analysis and evaluation, but human oversight is essential to maintain
scientific integrity and intellectual independence.

e  Creative Thinking: Al generates novel solutions, but human ingenuity must drive originality, adaptability,
and cultural depth in research ideation.

e  Computational Thinking: Al automates data-intensive tasks, yet human intervention is crucial to ensure
ethical transparency, bias mitigation, and correct interpretation.

Table 2 highlights AI’s role in augmenting human research thinking while emphasizing the necessity of
human oversight in Al-assisted scientific inquiry.

Ultimately, the future of research thinking will depend on how well Al is integrated as a cognitive partner—
not as a replacement for human reasoning, but as a catalyst for deeper scientific inquiry, innovation, and problem-
solving. Researchers must strategically harness AI’s potential while maintaining the scientific rigor, originality,
and ethical responsibility that define human-driven discovery.

Table 2. Human research thinking and AI’s roles in augmenting human research.

Components of Human Corresponding Higher- New Research Thinking Paradigms in the AI-

Research Thinking Order Thinking Driven Research Ecosystem

Al accelerates problem decomposition through data
Problem decomposition Computational Thinking mining and pattern recognition.
and analysis Critical Thinking Human validates Al-generated insights are accurate

and relevant.

Al generate diverse ideas, expanding research

Creative Thinking :
perspectives.

Idea generation and refine

Critical Thinki D .
filical 2hnking Human refines the originality and academic rigor.
. . . L Al automates and optimizes algorithm devel t,
Algorithm Design and Computational Thinking au o.ma ° aI.l optimizes agortm deveiopmen
. . . enhancing efficiency.
Implementation Creative Thinking

Human oversight ensures fairness.

5. AI’s Multiple Roles Empower Research Thinking

Al plays diverse roles in scientific research, acting as a research assistant (Assistant) that provides support
and a research participant (Participant) that contributes to reasoning, decision-making, and experimentation. AI’s
impact on critical thinking, creative thinking, and computational thinking depends on its role within research
contexts, and these roles can dynamically shift across different scientific tasks. Based on existing studies, this
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section explores Al’s varied contributions to research thinking and examines how it enhances, challenges, or even
transforms human cognitive processes in academia.

5.1. AI’s Multiple Roles Empower Critical Thinking

Critical thinking involves evaluating information, constructing logical reasoning, and forming well-supported
arguments. Al, as a research tool (Tool) and research assistant (Assistant), plays a significant role in these
processes. In fields such as law, public policy, and academic research, Al facilitates automated information
filtering and reasoning enhancement. Zheng et al. (2023) investigated AI’s role in group decision-making,
revealing that while Al efficiently provides analytical insights, its effectiveness is limited by its inability to fully
grasp discussion dynamics. This suggests that Al can support human reasoning in research but still requires human
oversight for final decision-making.

On the other hand, Al can also function as a research participant (Participant) when it becomes the subject of
critical thinking research. Slonim et al. (2021) explored IBM Project Debater, an Al system capable of engaging
in open-ended debates with human opponents. Researchers analyzed Al-generated arguments, rebuttal strategies,
and logical coherence to evaluate its performance in academic discourse. Their findings indicate that while Al can
construct persuasive arguments using data-driven methodologies, it struggles with contextual understanding and
value-laden reasoning. Thus, Al not only enhances critical reasoning but also serves as an object of study to assess
its inferential capacities and limitations.

5.2. AI’s Multiple Roles Empower Creative Thinking

Creative thinking involves generating novel ideas and structuring innovative problem-solving approaches.
Al contributes to this process both as a research assistant (Assistant) that supports human creativity and as a
research participant (Participant) whose creative potential can be studied and evaluated.

As a research assistant, Al has been increasingly utilized in the fields of art, literature, and design. Gabriel
(2024) examined the ethical and societal implications of advanced Al assistants, highlighting their potential to aid
researchers in generating and refining creative ideas. Al-based generative models such as GPT and DALL-E can
automate ideation processes, offering researchers a broader spectrum of conceptual possibilities. This role allows
Al to act as an extension of human creativity, enhancing brainstorming efficiency and fostering innovation in
scientific inquiry, product design, and artistic production.

However, creativity extends beyond idea generation; it also involves critically assessing originality and
innovation. In this context, Al becomes a research participant (Participant) when its generated outputs are studied
for their authenticity and originality. For instance, researchers have examined Al-generated literary and artistic
works to determine whether they exhibit genuine creativity or merely recombine existing patterns. Gabriel (2024)
warned that excessive reliance on Al for creativity might constrain human innovation by leading to standardized
outputs. This highlights the dual role of Al in creative thinking research: it is both a tool for facilitating ideation
and a subject for investigating the nature and limitations of machine-generated creativity.

5.3. A’s Multiple Roles Empower Computational Thinking

Computational thinking emphasizes algorithmic problem-solving and structured reasoning, where Al plays
a crucial role both as a research assistant (Assistant) that aids human researchers and as a research participant
(Participant) whose computational strategies can be studied.

As a research assistant, Al enhances research by optimizing algorithms, processing large datasets, and
assisting with programming. Arulkumaran et al. (2017) provided a comprehensive survey of deep reinforcement
learning, demonstrating how Al-driven automation enhances decision-making and computational modeling. Al’s
ability to refine strategy selection and dynamically adjust models enables researchers to explore complex
algorithmic structures and develop more efficient solutions.

However, when Al autonomously optimizes its own strategies through machine learning, it transitions into a
research participant (Participant). Silver et al. (2017) studied AlphaGo Zero, an Al system that mastered the game
of Go entirely through self-play and reinforcement learning, eventually surpassing human champions. This case
exemplifies how Al can develop its own computational problem-solving techniques, making it not just a tool but
also a research subject. Researchers analyze AI’s learning patterns, adaptation mechanisms, and strategic
generalization to gain insights into artificial intelligence’s computational reasoning. This suggests that AI’s role in
computational thinking research extends beyond aiding human decision-making—it also serves as an experimental
entity that researchers can study to understand how Al constructs and refines its own problem-solving methods.
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6. Case Analysis of Human-Al Collaborative Potential

By analyzing representative case studies such as SciAgents and Co-scientist, we examine Al’s impact on
interdisciplinary collaboration, research team dynamics, and knowledge innovation, demonstrating how Al-driven
systems facilitate novel forms of scientific cooperation.

6.1. Case Analysis of AITurk in Social Science Research

In this case study, Qin et al. introduced AlTurk (Qin et al., 2024), an innovative approach that leverages
ChatGPT as research participants to simulate responses on online crowdsourcing platforms such as Amazon
Mechanical Turk, Prolific, and CloudResearch. By replicating 22 social science experiments from leading
psychology journals—studies that postdate ChatGPT-4.0’s training data cutoff—AITurk provides an independent
evaluation of the AI’s ability to generate credible responses comparable to those of human participants. The
findings indicate that ChatGPT can effectively replicate a high proportion of the original study outcomes, while
significantly reducing the time and cost typically associated with traditional data collection methods.

This case exemplifies the concept of ARP (Al as research participants, especially as research subjects)—a
central theme in our investigation—where ChatGPT transcends its role as a mere tool or assistant to actively
participate in experimental settings. Its performance not only underscores the potential of Al to serve as a reliable
proxy for human subjects but also challenges conventional research paradigms by offering a scalable, cost-
effective alternative for preliminary investigations and replicability studies. The success of AITurk reinforces our
broader argument that integrating Al as research subjects can fundamentally reshape collaborative frameworks
and enhance cognitive processes in social science research, paving the way for innovative methodologies and
deeper insights into human behavior.

6.2. Case Analysis of SciAgents by MIT

SciAgents (Ghafarollahi & Buehler, 2024) is a novel multi-agent Al framework designed to automate and
enhance the process of scientific discovery through bioinspired graph reasoning. The system integrates large
language models (LLMs) with specialized Al agents, including an ontologist, scientists, and a critic, to
collaboratively generate, refine, and evaluate research hypotheses. By leveraging a comprehensive ontological
knowledge graph constructed from scientific literature, the framework systematically explores complex
relationships between concepts, identifies research gaps, and proposes innovative hypotheses. A key innovation is
the implementation of two distinct approaches: a pre-programmed interaction model and a fully automated, self-
organizing system that dynamically adapts to evolving research contexts. The integration of human-in-the-loop
interactions further enhances the system’s flexibility and the relevance of its outputs, enabling expert feedback and
strategic guidance at various stages of hypothesis development. Empirical validation in bioinspired materials
science demonstrates the system’s capacity to propose hypotheses that are both novel and experimentally feasible,
showcasing AI’s role in accelerating scientific innovation.

6.3. Case Analysis of Co-Scientist by Google

Al Co-Scientist (Gottweis et al., 2025) is a multi-agent system built on Gemini 2.0, designed to collaborate
with human experts in scientific research. The system employs a modular multi-agent architecture, including
specialized agents for hypothesis generation, evaluation, ranking, and refinement. These agents work together to
explore research goals, generate novel hypotheses, and propose experiments, all while maintaining scientific rigor
through internal reviews and iterative improvements. The co-scientist demonstrates its capabilities across diverse
domains, such as drug repurposing for acute myeloid leukemia, identifying novel therapeutic targets for liver
fibrosis, and advancing understanding in antimicrobial resistance. By leveraging large language models and
integrating domain-specific tools, the system not only accelerates hypothesis generation but also ensures the quality
and relevance of its outputs through a tournament-based ranking mechanism and expert-in-the-loop interactions.

6.4. Comparasion Analysis of SciAgents and Co-Scientist

These works on SciAgents and Co-Scientist exemplify the evolving paradigm of Al-empowered human
research, where Al transitions from a passive analytical tool to an active scientific collaborator capable of
hypothesis generation, refinement, and validation. Their comparative summary and overview are further detailed
in Table 3 and Figure 4. By integrating multi-agent architectures, large language models, and domain-specific
knowledge graphs, both SciAgents and the Al Co-Scientist enhance the efficiency, depth, and interdisciplinarity
of scientific inquiry. Their ability to dynamically adapt to evolving research contexts, engage in self-organizing
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hypothesis exploration, and incorporate expert-in-the-loop feedback enables researchers to overcome cognitive
and disciplinary limitations, accelerating discoveries in complex fields such as biomedicine and materials science.

These Al systems not only augment human reasoning and decision-making but also establish a synergistic research

ecosystem, where Al-driven insights complement human expertise, driving innovation and expanding the frontiers

of scientific knowledge.

Table 3. Comparisons between SciAgents and Co-Scientist.
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Figure 4. Overview of (a) SciAgents (Ghafarollahi & Buehler, 2024) and (b) Co-Scientist (Gottweis et al., 2025).
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7. Future Prospects of AI-Driven Research Ecosystem

The integration of Al into research is driving a fundamental transformation, reshaping not only research
efficiency but also how knowledge is generated, validated, and disseminated. AI’s expanding role as a tool,
assistant, and even participant introduces new opportunities and challenges, requiring a re-examination of human—
Al collaboration, research thinking paradigms, and scientific methodologies. This section explores the future
trajectory of scientific research through the lens of AI’s evolving roles, its impact on research thinking, and the
potential and challenges inherent in Al-driven research ecosystems.

7.1. Expanding Collaborative and Interdisciplinary Horizons

Al’s role in facilitating large-scale, interdisciplinary collaboration will become increasingly crucial.
Advanced Al tools, including intelligent knowledge graphs and automated discovery platforms, will streamline
knowledge synthesis and validation across diverse domains. Existing work (Xiong et al., 2024a) emphasizes that
Al-empowered research models, particularly those integrating brain science and social sciences, offer new
frameworks for understanding human cognition and interdisciplinary knowledge synthesis. In teaching design,
advanced ChatGPT-generated instructional plans can enhance task-based language teaching for non-Chinese-
speaking students in Hong Kong by providing practical, culturally relevant tasks. Despite initial limitations,
improved Al designs can complement human expertise in Chinese as a Second Language (CSL) instruction,
especially in resource-limited settings (Xu & Lai, 2025). The emergence of Al as a co-researcher, actively
contributing to refining research questions and methodologies, promises to accelerate scientific progress and
bridge the gaps between traditional disciplines.

7.2. AI's Dynamic Role Transitions and The Evolving Landscape of Research Thinking

The dynamic transitions of Al’s roles across critical, creative, and computational thinking will continue to
redefine research paradigms:

e In critical thinking, Al functions as a legal and academic analysis tool, enhancing logical argumentation and
reasoning. At the same time, it can be studied as a research object to analyze its argumentative logic and
decision-making strategies (Slonim et al., 2021; Zheng et al., 2023).

e In creative thinking, Al serves as a creativity support tool, expanding the ideation process and generating
novel perspectives. Meanwhile, Al itself can be examined to assess the uniqueness and originality of its
generated content (Gabriel, 2024).

e In computational thinking, Al improves problem-solving as an algorithm optimization tool, enhancing
computational efficiency. Simultaneously, it serves as a research subject for studying its self-learning
mechanisms and adaptability in complex computational tasks (Arulkumaran et al., 2017).

Future research should focus on understanding and optimizing the interplay between human intuition and Al-
driven analysis, ensuring Al serves as a powerful cognitive amplifier. This necessitates a deeper exploration of the
mechanisms that enable AI’s flexible role transitions and the development of strategies to maximize the synergistic
potential of human-AlI collaborations in knowledge creation.

7.3. Challenges and Ethical Considerations

As Al takes on a greater role in scientific discovery, it introduces new challenges related to bias, transparency,
and intellectual ownership (Milano & Nyholm, 2024). Ensuring that Al-generated knowledge remains
interpretable, reproducible, and ethically aligned with human research values is crucial. Gabriel (2024) highlight
the potential risks associated with Al assistants acting on behalf of researchers, including the erosion of
independent human judgment in scientific reasoning. Furthermore, the increasing reliance on Al for decision-
making raises concerns about human cognitive dependency and the roles of researcher in research. In education
research, despite the benefits of Al tools in personalized assessment, their use in higher education raises ethical
concerns—including security, privacy, algorithmic bias, and academic integrity issues. It is necessary to develop
strong guidelines to ensure the responsible use of Al (Zhao, 2025).

7.4. Realizing the Potential of AI-Driven Research Ecosystems

Looking ahead, the research ecosystem will increasingly rely on Al-powered platforms for automating
literature synthesis and fostering open science. Al-enabled autonomous experiment and hypothesis testing may
further accelerate discovery cycles. However, realizing the full potential of Al in research requires robust
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governance frameworks, interdisciplinary oversight, and human-centered Al design, ensuring that Al serves as an
enabler rather than a replacement for human scientific intuition.

8. Conclusions

In this paper, we explore the transformative impact of Al on scientific research through the lens of the “Al-
Driven Research Ecosystem,” a novel concept introduced herein as a unifying framework for understanding the
evolving relationship between human researchers and Al. Our analysis has delineated three distinct models of
human-AI collaboration—AI as a Research Tool (ART), Al as a Research Assistant (ARA), and Al as Research
Participants (ARPs)—highlighting the increasing autonomy and contribution of Al across the research lifecycle.
Furthermore, we have examined the emergence of new research thinking paradigms, emphasizing the crucial role
of the “3C” framework (critical, creative, and computational thinking) in navigating this evolving landscape.
Through illustrative case studies, we have demonstrated the tangible collaborative potential of Al in fostering
interdisciplinary research and driving knowledge innovation, while also underscoring the challenges and ethical
considerations of integrating Al in scientific inquiry. Ultimately, this study concludes that the AI-Driven Research
Ecosystem represents a profound shift in the way scientific research is conducted. Future studies should continue
to explore the dynamics of this evolving ecosystem, focusing on refining human-AlI collaboration models, further
understanding the transformation of research thinking, and developing robust ethical guidelines to fully realize the
potential of Al in advancing the frontiers of science.
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