
Established Models for "Autonomous Scientist" AI Agents in Scientific
Discovery and the Role of Human Interaction Versus Human-in-the-Loop or
Symbiotic Models

1. Introduction

The emergence of "autonomous scientist" AI agents marks a transformative shift in scientific discovery, with
models now capable of independently generating hypotheses, designing and executing experiments, analyzing
data, and even authoring scientific manuscripts (Lu et al., 2024; Yamada et al., 2025; Zhang et al., 2025;
Ghafarollahi & Buehler, 2024; Ghafarollahi & Buehler, 2024; Kramer et al., 2023; Sparkes et al., 2010; King et al.,
2009; Gower et al., 2024; Ifargan et al., 2024). These systems range from fully autonomous agents, such as The AI
Scientist and its successors, to collaborative frameworks that integrate human oversight and symbiotic human-AI
interaction (Lu et al., 2024; Yamada et al., 2025; Gao et al., 2024; Kitano, 2021; Goyal, 2025; Gottweis et al., 2025;
Ifargan et al., 2024; Hastings, 2023; Sourati & Evans, 2023; Harada, 2023). Foundational models like the
Autonomous Generalist Scientist (AGS) and multi-agent systems (e.g., SciAgents, DORA, ChemAgents)
demonstrate the breadth of approaches, from end-to-end automation to modular, role-based collaboration (Zhang
et al., 2025; Ghafarollahi & Buehler, 2024; Naumov et al., 2025; Song et al., 2025; Su et al., 2024). While some
paradigms aim for minimal human intervention, others emphasize the necessity of human-in-the-loop or symbiotic
models to ensure reliability, creativity, and ethical oversight (Gao et al., 2024; Kitano, 2021; Goyal, 2025; Bengio et
al., 2025; Ifargan et al., 2024; Hastings, 2023; Sourati & Evans, 2023). The literature reveals a spectrum of
autonomy, with ongoing debate about the optimal balance between AI-driven automation and human guidance in
scientific research (Lu et al., 2024; Gao et al., 2024; Kitano, 2021; Goyal, 2025; Ifargan et al., 2024; Hastings, 2023;
King et al., 2009). This review synthesizes the established models, their capabilities, and the evolving role of human
interaction and oversight in these paradigms.

2. Methods

A comprehensive literature review was conducted using Consensus, searching over 170 million research papers
from sources including Semantic Scholar and PubMed. The search identified 872 potentially relevant papers,
screened 569 for eligibility, and included the top 50 most relevant and high-quality papers in this review. The
search strategy involved 20 unique queries targeting autonomous scientist AI agents, foundational models, human-
in-the-loop systems, and symbiotic human-AI paradigms.
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Search Strategy

Identification

N = 872

Identified 872 papers that

matched 20 Consensus

searches

872 identified

→
Screening

N = 569

Removed papers with

missing abstracts

Removed duplicates

303 removed

→
Eligibility

N = 506

Removed papers with low

semantic relevance to

each search

63 removed

→
Included

N = 50

Selected the top 50

highest quality papers

after final ranking

456 removed

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

Twenty unique searches were executed, focusing on models of autonomous scientific discovery, human-AI
collaboration, and oversight frameworks.

3. Results

3.1. Established Models of Autonomous Scientist AI Agents

Recent years have seen the development of fully autonomous AI scientist agents, such as The AI Scientist and its v2
iteration, which can independently generate hypotheses, design and execute experiments, analyze results, and
author scientific papers—sometimes even passing peer review without human intervention (Lu et al., 2024;
Yamada et al., 2025). Other notable models include the Autonomous Generalist Scientist (AGS), which integrates
agentic AI with robotics to automate the entire research lifecycle across disciplines (Zhang et al., 2025), and the
Adam and Eve robot scientists, which pioneered closed-loop automation in genomics and drug discovery (Kramer
et al., 2023; Sparkes et al., 2010; King et al., 2009). Multi-agent systems like SciAgents and DORA employ modular,
role-based architectures to tackle complex scientific problems (Ghafarollahi & Buehler, 2024; Naumov et al., 2025;
Ghafarollahi & Buehler, 2024; Song et al., 2025; Su et al., 2024).

3.2. Human-in-the-Loop and Symbiotic Models

While some systems strive for full autonomy, many frameworks emphasize human-in-the-loop or symbiotic models.
These approaches integrate human creativity, domain expertise, and ethical oversight with AI's computational
power and scalability (Gao et al., 2024; Kitano, 2021; Goyal, 2025; Gottweis et al., 2025; Ifargan et al., 2024;
Hastings, 2023; Sourati & Evans, 2023; Harada, 2023). For example, biomedical AI agents are designed to
collaborate with human scientists, planning workflows and performing self-assessment while allowing for human
intervention at critical decision points (Gao et al., 2024). The Nobel Turing Challenge and several survey papers
argue that human oversight remains essential for ensuring safety, reliability, and ethical compliance, especially as AI
systems become more autonomous (Kitano, 2021; Goyal, 2025; Bengio et al., 2025; Ifargan et al., 2024; Hastings,
2023; King et al., 2009).
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3.3. Comparative Analysis of Autonomy Levels

The literature describes a spectrum of autonomy, from AI as a research assistant (narrow, human-defined tasks) to
AI as a collaborator (broader tool use and hypothesis generation) and, ultimately, to fully autonomous agents
capable of independent scientific reasoning and discovery (Gao et al., 2024; Kramer et al., 2023; King et al., 2009).
Some frameworks draw analogies to self-driving cars, with levels of autonomy ranging from passive tools to
systems requiring no human intervention (Kramer et al., 2023; King et al., 2009). However, most real-world
deployments still rely on varying degrees of human oversight, particularly for complex or high-stakes research (Gao
et al., 2024; Kitano, 2021; Goyal, 2025; Ifargan et al., 2024; Hastings, 2023; King et al., 2009).

3.4. Key Themes and Challenges

Key themes include the need for transparency, reproducibility, and explainability in autonomous scientific discovery
(Wang et al., 2023; Ifargan et al., 2024; Hastings, 2023; King et al., 2009). Challenges persist in benchmarking,
evaluation, and ensuring that AI-generated discoveries align with human scientific values and standards (Reddy &
Shojaee, 2024; Bengio et al., 2025; Ifargan et al., 2024; Hastings, 2023; Sourati & Evans, 2023). Ethical concerns,
such as bias, misuse, and loss of human control, are frequently cited as reasons for maintaining human-in-the-loop
frameworks (Kitano, 2021; Goyal, 2025; Bengio et al., 2025; Ifargan et al., 2024; Hastings, 2023; King et al., 2009).

Key Papers

Paper Model/Framework Autonomy Level
Human
Interaction Key Results

(Lu et al.,
2024)

The AI Scientist Fully autonomous Minimal (peer
review only)

Produced peer-review-
accepted papers without
human authorship

(Zhang et
al., 2025)

Autonomous Generalist
Scientist (AGS)

End-to-end
automation

Optional Automates research
lifecycle across
disciplines, integrates
robotics

(Gao et
al., 2024)

Biomedical AI Agents Collaborative,
modular

Human-in-the-
loop

Combines AI and human
expertise for biomedical
discovery

(Kitano,
2021)

Nobel Turing Challenge Hybrid
(autonomous +
human-in-the-loop)

Essential for
safety/ethics

Proposes highly
autonomous systems
with human oversight

(Kramer et
al., 2023)

Adam Robot Scientist Closed-loop
automation

Minimal
(validation)

Discovered new gene
functions in yeast
autonomously

FIGURE 2  Comparison of key studies on autonomous scientist AI agents and human-AI interaction paradigms.
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Top Contributors

Type Name Papers

Author Ross D.
King

(Kramer et al., 2023; Gower et al., 2024; Sparkes et al., 2010; King et al., 2009; Reder et al.,
2023)

Author Cong Lu (Yamada et al., 2025; Lu et al., 2024)

Author M.
Zitnik

(Gao et al., 2024; Wang et al., 2023)

Journal ArXiv (Yamada et al., 2025; Lu et al., 2024; Zhang et al., 2025; Gridach et al., 2025; Naumov et
al., 2025; Reddy & Shojaee, 2024; Ghafarollahi & Buehler, 2024; Gottweis et al., 2025;
Cerrato et al., 2024; Liu et al., 2024; Kramer et al., 2023; Bengio et al., 2025; Gower et al.,
2024; Ifargan et al., 2024; Schmidgall & Moor, 2025; Jansen et al., 2024; Zenil et al., 2023;
Ament et al., 2021; Song et al., 2025; Desai et al., 2025; Behandish et al., 2022; Yin, 2024;
Liu et al., 2024; Leskovec, 2025; Ferrag et al., 2025; Cao et al., 2024)

Journal Nature (Wang et al., 2023; Szymanski et al., 2023)

Journal Science (Gil et al., 2014; King et al., 2009)

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

4. Discussion

The research landscape for autonomous scientist AI agents is rapidly evolving, with several models demonstrating
impressive capabilities in automating the scientific process (Lu et al., 2024; Yamada et al., 2025; Zhang et al., 2025;
Ghafarollahi & Buehler, 2024; Ghafarollahi & Buehler, 2024; Kramer et al., 2023; Sparkes et al., 2010; King et al.,
2009). However, the literature consistently highlights the importance of human interaction and oversight, especially
for ensuring scientific rigor, ethical compliance, and creative problem-solving (Gao et al., 2024; Kitano, 2021;
Goyal, 2025; Bengio et al., 2025; Ifargan et al., 2024; Hastings, 2023; King et al., 2009). While fully autonomous
systems like The AI Scientist and Adam have achieved notable milestones, most real-world applications still rely on
human-in-the-loop or symbiotic models to address limitations in AI reasoning, data quality, and interpretability
(Gao et al., 2024; Kitano, 2021; Goyal, 2025; Ifargan et al., 2024; Hastings, 2023; King et al., 2009). The field is
moving toward hybrid paradigms that balance the scalability and efficiency of AI with the judgment and creativity
of human scientists (Gao et al., 2024; Kitano, 2021; Goyal, 2025; Ifargan et al., 2024; Hastings, 2023; King et al.,
2009).
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Claims and Evidence Table

Claim
Evidence
Strength Reasoning Papers

Fully autonomous AI scientist
agents can independently
generate, test, and publish
scientific discoveries in some
domains

Strong

Demonstrated by systems
like The AI Scientist and
Adam, which produced
peer-reviewed research with
minimal human input

(Lu et al., 2024; Yamada et
al., 2025; Kramer et al.,
2023; Sparkes et al., 2010;
King et al., 2009)

Human-in-the-loop or
symbiotic models are
essential for ensuring
reliability, creativity, and
ethical oversight

Strong

Most frameworks and
surveys emphasize the
necessity of human
guidance, especially for
complex or high-stakes
research

(Gao et al., 2024; Kitano,
2021; Goyal, 2025; Bengio
et al., 2025; Ifargan et al.,
2024; Hastings, 2023;
King et al., 2009)

Multi-agent and modular
systems enhance scalability
and interdisciplinary research

Moderate

Multi-agent frameworks like
SciAgents and DORA enable
division of labor and
integration of diverse
expertise

(Ghafarollahi & Buehler,
2024; Naumov et al.,
2025; Ghafarollahi &
Buehler, 2024; Song et al.,
2025; Su et al., 2024)

Current autonomous systems
face challenges in
transparency, reproducibility,
and explainability

Moderate

Literature highlights ongoing
issues with benchmarking,
evaluation, and alignment
with human scientific values

(Wang et al., 2023; Reddy
& Shojaee, 2024; Bengio
et al., 2025; Ifargan et al.,
2024; Hastings, 2023;
Sourati & Evans, 2023)

Fully autonomous scientific
discovery without human
oversight is not yet feasible
for complex, open-ended
research

Moderate

Most real-world
deployments require human
intervention for validation,
creativity, and ethical
decision-making

(Gao et al., 2024; Kitano,
2021; Goyal, 2025; Bengio
et al., 2025; Ifargan et al.,
2024; Hastings, 2023;
King et al., 2009)

AI-driven scientific discovery
poses ethical risks, including
bias, misuse, and loss of
human control

Moderate

Several papers discuss the
need for ethical guidelines
and human oversight to
mitigate risks

(Kitano, 2021; Goyal, 2025;
Bengio et al., 2025; Ifargan
et al., 2024; Hastings,
2023; King et al., 2009)

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

Autonomous scientist AI agents are reshaping the landscape of scientific discovery, with models ranging from fully
automated systems to collaborative, human-in-the-loop frameworks. While fully autonomous agents have
demonstrated remarkable capabilities, the consensus in the literature is that human interaction and oversight
remain crucial for ensuring scientific rigor, creativity, and ethical responsibility. The field is moving toward hybrid
paradigms that leverage the strengths of both AI and human scientists.

5.1. Research Gaps

Despite significant progress, gaps remain in benchmarking, evaluation, and the development of systems that can
autonomously handle complex, open-ended scientific problems. There is also a need for more research on ethical
frameworks, transparency, and the integration of human creativity and judgment in AI-driven discovery.

Research Gaps Matrix

Research Topic /
Study Attribute

Fully
Autonomous

Human-in-
the-Loop

Multi-
Agent Interdisciplinary

Ethical
Oversight

Hypothesis
Generation

8 12 7 5 2

Experiment Design &
Execution

7 10 6 4 2

Data Analysis &
Interpretation

9 11 8 6 3

Manuscript Writing &
Publication

5 8 4 3 1

Ethical/Legal
Considerations

1 6 2 1 10

FIGURE 5  Matrix of research topics and study attributes, highlighting gaps in fully autonomous, interdisciplinary, and ethical oversight

research.

5.2. Open Research Questions

Future research should focus on developing robust benchmarks, improving transparency and explainability, and
exploring new models for human-AI collaboration in scientific discovery.
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Question Why

How can we ensure transparency and
reproducibility in fully autonomous scientific
discovery systems?

Transparency and reproducibility are critical for scientific
credibility, yet current autonomous systems often lack clear
mechanisms for traceability and validation.



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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