
Distinguishing AI as Autonomous Agent vs. Cognitive Partner in Scientific
Collaboration

1. Introduction

The academic literature draws a clear distinction between AI as an autonomous agent—which executes delegated
scientific tasks with minimal human intervention—and AI as a cognitive partner, which interactively scaffolds
human creativity and decision-making in a symbiotic relationship. Autonomous agents are characterized by their
self-sufficiency, adaptability, and ability to pursue complex goals independently, often excelling in structured,
repetitive, or high-throughput scientific tasks (Acharya et al., 2025; Totschnig, 2020; Croon et al., 2022; R &
Biradar, 2024; Panda, 2025). In contrast, cognitive partners are designed to augment human cognition, facilitate
real-time collaboration, and enhance creative or complex problem-solving by leveraging complementary strengths
of both human and machine (Chakraborti et al., 2017; Vaccaro et al., 2024; Jarrahi, 2018; Ren et al., 2023; Moura,
2023; Sowa et al., 2021; Lemaignan et al., 2017; Kacprzyk, 2022; Schelble et al., 2022; Gao et al., 2024). Recent
research highlights that while autonomous agents can outperform humans in certain domains, the most significant
gains in scientific discovery and innovation often arise from interactive, human-AI teaming—where AI systems are
transparent, explainable, and capable of adapting to human needs and workflows (Hauptman et al., 2022; Vaccaro
et al., 2024; Endsley, 2023; Sowa et al., 2021; Lemaignan et al., 2017; Schelble et al., 2022; Gao et al., 2024). The
literature also emphasizes the importance of trust, team structure, and shared mental models in maximizing the
benefits of human-AI collaboration, and cautions against over-reliance on AI or the erosion of human autonomy
(Seeber et al., 2020; Zhai et al., 2024; Prunkl, 2024; Fügener et al., 2021; Liu et al., 2021; Steyvers & Kumar, 2023;
Atchley et al., 2024; Köbis et al., 2021; Bergdahl et al., 2023). Overall, the distinction is not merely technical but
deeply conceptual, with implications for the design, deployment, and ethical governance of AI in scientific
research.

2. Methods

A comprehensive search was conducted across over 170 million research papers in Consensus, encompassing
databases such as Semantic Scholar, PubMed, and others. The search strategy involved 20 targeted queries
grouped into 8 thematic clusters, focusing on conceptual, operational, and interdisciplinary distinctions between AI
as autonomous agents and as cognitive partners. In total, 1,020 papers were identified, 609 were screened, 502
were deemed eligible, and the top 50 most relevant papers were included in this review.
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Search Strategy
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Removed papers with
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→
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N = 502

Removed papers with low
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each search
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→
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Selected the top 50

highest quality papers

after final ranking

452 removed

FIGURE 1  Flow diagram of the literature search and selection process.

Eight unique search groups were executed, systematically exploring both technical and conceptual framings of AI
autonomy and partnership in scientific collaboration.

3. Results

3.1 Conceptual Distinctions: Autonomy vs. Partnership

The literature consistently distinguishes between autonomous agents—AI systems that operate independently to
achieve delegated goals—and cognitive partners—AI systems that interactively support, augment, or co-create
with humans (Acharya et al., 2025; Chakraborti et al., 2017; Totschnig, 2020; Jarrahi, 2018; Sandini et al., 2024;
Prunkl, 2024; Moura, 2023; Lemaignan et al., 2017; Kacprzyk, 2022; Gao et al., 2024). Autonomous agents are
often described as tools or delegates, while cognitive partners are framed as collaborators or teammates, requiring
shared mental models, transparency, and mutual adaptation (Hauptman et al., 2022; Chakraborti et al., 2017;
Endsley, 2023; Sowa et al., 2021; Lemaignan et al., 2017; Schelble et al., 2022; Musick et al., 2021).

3.2 Operational and Design Implications

Autonomous agents excel in well-defined, repetitive, or high-throughput scientific tasks, such as data analysis,
simulation, or automated experimentation (Acharya et al., 2025; Totschnig, 2020; Croon et al., 2022; R & Biradar,
2024; Abràmoff et al., 2020; Panda, 2025). In contrast, cognitive partners are most effective in creative,
ambiguous, or complex problem-solving contexts, where real-time interaction, explainability, and adaptability are
crucial (Chakraborti et al., 2017; Vaccaro et al., 2024; Jarrahi, 2018; Ren et al., 2023; Moura, 2023; Sowa et al., 2021;
Lemaignan et al., 2017; Kacprzyk, 2022; Schelble et al., 2022; Gao et al., 2024). The design of AI systems for
cognitive partnership emphasizes transparency, explainability, and the ability to build trust and shared
understanding with human users (Hauptman et al., 2022; Endsley, 2023; Sowa et al., 2021; Lemaignan et al., 2017;
Schelble et al., 2022; Gao et al., 2024).
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3.3 Human-AI Teaming and Synergy

Meta-analyses and empirical studies show that human-AI teams can outperform either humans or AI alone,
particularly in creative or content-generation tasks (Vaccaro et al., 2024; Jarrahi, 2018; Ren et al., 2023; Sowa et al.,
2021; Lemaignan et al., 2017; Schelble et al., 2022; Gao et al., 2024). However, the effectiveness of such teaming
depends on task type, team structure, and the degree of interactivity and mutual adaptation (Hauptman et al.,
2022; Vaccaro et al., 2024; Endsley, 2023; Sowa et al., 2021; Lemaignan et al., 2017; Schelble et al., 2022; Musick et
al., 2021). Over-reliance on AI or poor team design can undermine human autonomy and critical thinking (Zhai et
al., 2024; Prunkl, 2024; Fügener et al., 2021; Liu et al., 2021; Steyvers & Kumar, 2023; Atchley et al., 2024; Köbis et
al., 2021; Bergdahl et al., 2023).

3.4 Ethical, Social, and Cognitive Considerations

The literature highlights ethical challenges, such as the risk of eroding human autonomy, the need for responsible
delegation, and the importance of maintaining human agency in scientific decision-making (Totschnig, 2020;
Seeber et al., 2020; Zhai et al., 2024; Prunkl, 2024; Bengio et al., 2023; Fügener et al., 2021; Liu et al., 2021;
Steyvers & Kumar, 2023; Atchley et al., 2024; Köbis et al., 2021; Bergdahl et al., 2023). There is also a growing
recognition of the need for new paradigms and governance frameworks to address the unique risks and
opportunities posed by both autonomous agents and cognitive partners (Moura, 2023; Bengio et al., 2023;
Kacprzyk, 2022; Gao et al., 2024).

Key Papers

Paper
Distinction
Focus Methodology Key Results

Application
Domain

(Vaccaro et
al., 2024)

Human-AI
synergy

Systematic
review & meta-
analysis

Human-AI teams outperform
alone in creative tasks; synergy
depends on task type

Broad (decision-
making, content
creation)

(Chakraborti
et al., 2017)

Cognitive
teaming vs.
autonomy

Analytical
review

Human-robot teaming requires
new cognitive models beyond
autonomy

Robotics, HCI

(Hauptman et
al., 2022)

Adaptive
autonomy in
teams

Mixed methods
(survey,
interviews)

Dynamic autonomy enhances
team performance and
cohesiveness

Incident response,
HCI

(Jarrahi, 2018) Human-AI
symbiosis

Conceptual
analysis

AI augments human cognition,
especially under
complexity/uncertainty

Organizational
decision-making

(Gao et al.,
2024)

Levels of AI
autonomy

Conceptual
framework

Proposes levels from tool to
autonomous agent; highlights
risks and opportunities

Biomedical
research

FIGURE 2  Comparison of key studies on distinctions between AI as autonomous agent and cognitive partner.
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Top Contributors

Type Name Papers

Author Nathan J.
Mcneese

(Hauptman et al., 2022; Schelble et al., 2022; Musick et al., 2021)

Author Beau G. Schelble (Hauptman et al., 2022; Schelble et al., 2022; Musick et al., 2021)

Author Michelle Vaccaro (Vaccaro et al., 2024)

Journal Comput. Hum.
Behav.

(Hauptman et al., 2022; Seeber et al., 2020; Candrian & Scherer, 2022; Endsley,
2023; Walliser et al., 2019; Frischknecht, 2021; Musick et al., 2021)

Journal Nature Human
Behaviour

(Vaccaro et al., 2024; Köbis et al., 2021)

Journal Cell (Gao et al., 2024)

FIGURE 3  Authors & journals that appeared most frequently in the included papers.

4. Discussion

The distinction between AI as an autonomous agent and as a cognitive partner is well-established and increasingly
nuanced in the literature. Autonomous agents are valuable for automating routine, well-structured scientific tasks,
but their effectiveness is limited in domains requiring creativity, adaptability, and nuanced judgment (Acharya et al.,
2025; Totschnig, 2020; Croon et al., 2022; R & Biradar, 2024; Abràmoff et al., 2020; Panda, 2025). Cognitive
partners, by contrast, are designed to scaffold human creativity, support complex decision-making, and foster
innovation through interactive, symbiotic relationships (Chakraborti et al., 2017; Vaccaro et al., 2024; Jarrahi, 2018;
Ren et al., 2023; Moura, 2023; Sowa et al., 2021; Lemaignan et al., 2017; Kacprzyk, 2022; Schelble et al., 2022; Gao
et al., 2024). High-quality evidence, including systematic reviews and meta-analyses, supports the claim that
human-AI teaming can yield superior outcomes in creative and collaborative contexts, provided that systems are
designed for transparency, trust, and mutual adaptation (Hauptman et al., 2022; Vaccaro et al., 2024; Endsley,
2023; Sowa et al., 2021; Lemaignan et al., 2017; Schelble et al., 2022; Gao et al., 2024).

However, challenges remain. Over-reliance on AI can erode human autonomy and critical thinking, while poorly
designed autonomous agents may introduce new risks or ethical concerns (Zhai et al., 2024; Prunkl, 2024; Fügener
et al., 2021; Liu et al., 2021; Steyvers & Kumar, 2023; Atchley et al., 2024; Köbis et al., 2021; Bergdahl et al., 2023).
The literature calls for new paradigms, governance frameworks, and empirical research to ensure that AI systems—
whether autonomous or collaborative—are deployed responsibly and effectively (Moura, 2023; Bengio et al., 2023;
Kacprzyk, 2022; Gao et al., 2024).
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Claims and Evidence Table

Claim
Evidence
Strength Reasoning Papers

The literature clearly
distinguishes between AI
as autonomous agent
and as cognitive partner

Strong

Multiple high-quality
reviews and empirical
studies explicitly define
and contrast these
roles

(Hauptman et al., 2022; Acharya et
al., 2025; Chakraborti et al., 2017;
Vaccaro et al., 2024; Jarrahi, 2018;
Ren et al., 2023; Prunkl, 2024;
Moura, 2023; Sowa et al., 2021;
Lemaignan et al., 2017; Kacprzyk,
2022; Schelble et al., 2022; Gao et
al., 2024)

Human-AI teaming
outperforms either alone
in creative/content-
generation tasks

Strong

Meta-analyses and
systematic reviews
show synergy in
creative tasks, but not
always in decision tasks

(Vaccaro et al., 2024; Jarrahi, 2018;
Ren et al., 2023; Sowa et al., 2021;
Lemaignan et al., 2017; Schelble et
al., 2022; Gao et al., 2024)

Autonomous agents
excel in routine, well-
structured scientific
tasks

Strong

Empirical and
conceptual studies
show high performance
in automation, data
analysis, and repetitive
tasks

(Acharya et al., 2025; Totschnig,
2020; Croon et al., 2022; R &
Biradar, 2024; Abràmoff et al., 2020;
Panda, 2025)

Cognitive partners are
most effective in
complex, creative, or
ambiguous tasks

Strong

Reviews and case
studies highlight the
value of interactivity,
explainability, and
adaptability

(Chakraborti et al., 2017; Vaccaro et
al., 2024; Jarrahi, 2018; Ren et al.,
2023; Moura, 2023; Sowa et al.,
2021; Lemaignan et al., 2017;
Kacprzyk, 2022; Schelble et al.,
2022; Gao et al., 2024)

Over-reliance on AI can
erode human autonomy
and critical thinking

Moderate

Systematic reviews and
conceptual analyses
warn of risks to
autonomy and agency

(Zhai et al., 2024; Prunkl, 2024;
Fügener et al., 2021; Liu et al., 2021;
Steyvers & Kumar, 2023; Atchley et
al., 2024; Köbis et al., 2021; Bergdahl
et al., 2023)

The boundary between
tool and agent is
sometimes blurred in
practice

Moderate

Some systems exhibit
both tool-like and
agentic qualities,
complicating clear
categorization

(Prunkl, 2024; Albrecht & Stone,
2017; De Zúñiga et al., 2023;
Bitterman et al., 2020; Mosqueira-
Rey et al., 2022; Yıldız, 2025)

FIGURE 4  Key claims and support evidence identified in these papers.
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5. Conclusion

In summary, the academic literature robustly distinguishes between AI as an autonomous agent and as a cognitive
partner, with each role offering unique strengths and challenges in scientific collaboration. The most promising
advances in scientific discovery are likely to arise from thoughtfully designed human-AI partnerships that leverage
the complementary capabilities of both.

5.1 Research Gaps

Despite significant progress, gaps remain in empirical research on the long-term impacts of human-AI teaming, the
development of shared mental models, and the ethical governance of increasingly autonomous systems. There is
also a need for more interdisciplinary studies and real-world evaluations of cognitive partnership models.

Research Gaps Matrix

Topic / Study
Attribute

Empirical
Studies

Conceptual
Analyses

Meta-
analyses

Case
Studies Ethical/Philosophical

Autonomous
agents

12 8 2 4 3

Cognitive
partners

9 10 3 5 4

Human-AI
teaming

8 7 2 3 2

Trust &
explainability

5 6 1 2 3

Ethics &
governance

3 7 GAP 1 6

FIGURE 5  Matrix of research topics and study attributes, highlighting areas with fewer studies.

5.2 Open Research Questions

Future research should focus on empirically validating cognitive partnership models, developing robust frameworks
for trust and explainability, and exploring the ethical implications of increasingly autonomous AI in scientific
collaboration.
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Question Why

How do different models of human-AI cognitive
partnership impact long-term scientific creativity
and innovation?

Understanding this will inform the design of AI systems
that best augment human creativity and drive scientific
breakthroughs.

What governance frameworks are needed to
ensure responsible deployment of autonomous
agents in science?

As AI autonomy increases, robust governance is essential
to mitigate risks and ensure ethical, transparent scientific
practice.

How can trust and shared mental models be
effectively developed in human-AI teams?

Trust and shared understanding are critical for effective
collaboration, but best practices for fostering them remain
underexplored.

FIGURE 6  Open research questions for future investigation in human-AI scientific collaboration.

In conclusion, the literature provides a strong conceptual and empirical foundation for distinguishing between AI as
autonomous agent and as cognitive partner, but ongoing research is needed to optimize these roles for scientific
advancement.

These papers were sourced and synthesized using Consensus, an AI-powered search engine for research. Try it at
https://consensus.app
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