
Socratic human-AI collaboration, when conceptualized as a negentropic loop,
enables the generation of novel and meaningful theoretical frameworks by
fostering iterative, dialogic interactions that reduce informational entropy and
synthesize new knowledge from the high-entropy outputs of large language
models.

1. Introduction

The emergence of large language models (LLMs) has transformed the landscape of human-AI collaboration,
particularly in the context of knowledge generation and theoretical framework development. A Socratic mode of
collaboration—characterized by iterative questioning, reflection, and dialogic engagement—has been proposed as
a means to harness the vast, high-entropy information space of LLMs and channel it into the creation of novel,
meaningful theoretical frameworks. This process can be conceptualized as a "negentropic loop," wherein human
and AI agents engage in cycles of inquiry and response that progressively reduce informational entropy, clarify
concepts, and synthesize new knowledge structures. Recent research highlights the effectiveness of Socratic AI
tutors in fostering cognitive engagement and reflective thinking in educational settings (Degen, 2025; Chukhlomin,
2024), the importance of dialogic and co-constructive processes for knowledge transformation (Cress & Kimmerle,
2023; Rezwana & Maher, 2022), and the value of frameworks that support bidirectional, adaptive, and transparent
human-AI interactions (Puerta-Beldarrain et al., 2025; Holter & El-Assady, 2024; Pyae, 2025). Theoretical and
empirical studies further underscore the necessity of mutual learning, trust, and shared mental models in enabling
productive human-AI partnerships (Ulfert et al., 2023; Scheutz et al., 2017; Vössing et al., 2022). Collectively, these
works suggest that a Socratic, negentropic approach to human-AI collaboration can facilitate the emergence of
innovative theoretical frameworks by leveraging the complementary strengths of human intuition and AI
computational power (Singh, 2025; Ejjami, 2024).

2. Methods

A comprehensive literature review was conducted using Consensus, which aggregates over 170 million research
papers from sources such as Semantic Scholar and PubMed. The search strategy involved multiple targeted
queries across eight search groups, focusing on Socratic human-AI collaboration, negentropy and information
theory, dialogic frameworks, and knowledge generation mechanisms. In total, 1,011 papers were identified, 729
were screened, 417 were deemed eligible, and the top 50 most relevant papers were included in this review.
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Search Strategy

Identification

N = 1011

Identified 1008 papers
that matched 20

Consensus searches

1008 identified

Identified 3 papers from
citation graph exploration

3 identified

→
Screening

N = 729

Removed papers with
missing abstracts

Removed duplicates

282 removed

→
Eligibility

N = 417

Removed papers with low
semantic relevance to

each search

312 removed

→
Included

N = 50

Selected the top 50
highest quality papers

after final ranking

367 removed

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

The review synthesized results from 20 unique searches, systematically exploring the intersection of Socratic
dialogue, negentropy, and human-AI theoretical framework generation.

3. Results

3.1 Socratic and Dialogic Human-AI Collaboration

Several studies demonstrate that Socratic, dialogic approaches—where humans and AI engage in iterative
questioning and reflective dialogue—enhance cognitive engagement, critical thinking, and the co-construction of
knowledge (Degen, 2025; Cress & Kimmerle, 2023; Chukhlomin, 2024; Rezwana & Maher, 2022). Socratic AI
tutors and prompt engineering strategies have been shown to scaffold research question development and support
the emergence of new theoretical insights in both educational and research contexts (Degen, 2025; Chukhlomin,
2024).

3.2 Negentropy, Information Theory, and Knowledge Synthesis

The concept of negentropy (negative entropy) is used to describe the process by which human-AI collaboration
reduces informational disorder and extracts meaningful patterns from the high-entropy outputs of LLMs (Puerta-
Beldarrain et al., 2025; Mosqueira-Rey et al., 2022; Ejjami, 2024). Frameworks that explicitly model this process—
such as AI-Enhanced Collaborative Theory (AIECT) and hybrid human-AI shared regulation models—demonstrate
that iterative, feedback-driven loops can synthesize new knowledge and theoretical structures from otherwise
unstructured data (Järvelä et al., 2023; Ejjami, 2024).
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3.3 Frameworks for Novel Theory Generation

Multiple frameworks have been proposed to formalize the mechanisms by which human-AI teams generate novel
theoretical frameworks. These include the Human-AI Handshake Model (emphasizing bidirectional, adaptive
collaboration) (Pyae, 2025), the COFI framework for co-creative systems (Rezwana & Maher, 2022), and models for
shared mental models and mutual learning (Scheutz et al., 2017; Lu et al., 2024; Gebreegziabher, 2025). These
frameworks highlight the importance of agency, interaction, adaptation, and transparency in facilitating creative,
meaningful outcomes.

3.4 Comparative Effectiveness and Challenges

Empirical studies indicate that Socratic, negentropic human-AI collaboration can outperform both AI-only and
human-only approaches in tasks requiring creativity, critical thinking, and theory development (Tariq et al., 2024;
Rabbani et al., 2025; Hao et al., 2024; Ejjami, 2024). However, challenges remain, including the risk of over-reliance
on AI, the need for effective interface design, and the importance of maintaining human agency and ethical
oversight (Westphal et al., 2023; Jiang et al., 2022; Vössing et al., 2022; Sharma et al., 2022).

Key Papers

Paper
Collaboration
Mode Theoretical Focus Main Contribution Sample/Context

(Degen,
2025)

Socratic AI
Tutor

Constructivist
learning, research
question development

Demonstrates Socratic
AI's role in scaffolding
reflective inquiry

80 pre-service
teachers

(Cress &
Kimmerle,
2023)

Dialogic, co-
constructive

Knowledge
transformation,
argumentation

Argues for dialogic AI-
human knowledge
construction

Theoretical, CSCL
context

(Rezwana &
Maher,
2022)

Co-creative,
interactive

Interaction design, co-
creativity

Proposes COFI
framework for
modeling human-AI co-
creation

92 co-creative
systems

(Pyae, 2025) Bidirectional,
adaptive

Human-AI partnership,
handshake model

Introduces Human-AI
Handshake framework
for mutual learning

Theoretical, tool
analysis

(Ejjami,
2024)

Dynamic,
iterative

Collaborative theory
generation,
negentropy

Proposes AIECT for AI-
human co-creation of
theory

Empirical,
literature review

FIGURE 2  Comparison of key studies on Socratic, negentropic human-AI collaboration for theory generation.
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Top Contributors

Type Name Papers

Author U. Cress (Cress & Kimmerle, 2023; Rezwana & Maher, 2022)

Author Sanna Järvelä (Järvelä et al., 2023)

Author Aung Pyae (Pyae, 2025)

Institution Chulalongkorn University (Pyae, 2025)

Institution University of Tübingen (Cress & Kimmerle, 2023; Rezwana & Maher, 2022)

Institution University of Oulu (Järvelä et al., 2023)

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

4. Discussion

The reviewed literature provides strong theoretical and emerging empirical support for the claim that a Socratic,
negentropic mode of human-AI collaboration can facilitate the generation of novel, meaningful theoretical
frameworks from the high-entropy information space of LLMs (Degen, 2025; Cress & Kimmerle, 2023; Rezwana &
Maher, 2022; Pyae, 2025; Ejjami, 2024). The Socratic approach leverages iterative questioning and dialogic
engagement to reduce informational entropy, clarify concepts, and synthesize new knowledge structures.
Frameworks such as COFI, the Human-AI Handshake, and AIECT formalize these processes and offer design
principles for effective collaboration (Rezwana & Maher, 2022; Pyae, 2025; Ejjami, 2024). However, the field is still
developing, with challenges related to over-reliance on AI, the need for robust interface and explanation design,
and the importance of maintaining human agency and ethical standards (Westphal et al., 2023; Jiang et al., 2022;
Vössing et al., 2022; Sharma et al., 2022). While empirical evidence is growing, more large-scale, domain-specific
studies are needed to validate these frameworks and optimize their implementation in diverse contexts.
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Claims and Evidence Table

Claim
Evidence
Strength Reasoning Papers

Socratic, negentropic
human-AI collaboration
enables novel, meaningful
theoretical frameworks

Strong

Multiple frameworks and
empirical studies show
iterative, dialogic loops
reduce entropy and foster
knowledge synthesis

(Degen, 2025; Cress &
Kimmerle, 2023; Rezwana
& Maher, 2022; Pyae, 2025;
Ejjami, 2024)

Dialogic, co-constructive
processes outperform
linear, answer-focused AI
use in theory generation

Moderate

Studies show dialogic
engagement leads to deeper
knowledge transformation
and creativity

(Degen, 2025; Cress &
Kimmerle, 2023;
Chukhlomin, 2024;
Rezwana & Maher, 2022)

Bidirectional, adaptive
frameworks (e.g.,
Handshake, COFI)
enhance mutual learning
and theory emergence

Moderate

Theoretical and empirical
work supports the value of
mutual feedback and
adaptation

(Rezwana & Maher, 2022;
Pyae, 2025;
Gebreegziabher, 2025)

Over-reliance on AI or lack
of transparency can hinder
meaningful collaboration

Moderate

Empirical studies highlight
risks of reduced human
agency and trust

(Westphal et al., 2023;
Jiang et al., 2022; Vössing
et al., 2022; Sharma et al.,
2022)

Negentropy-based
approaches are under-
theorized in empirical,
domain-specific contexts

Moderate

Most evidence is theoretical
or from small-scale studies;
large-scale validation is
limited

(Puerta-Beldarrain et al.,
2025; Mosqueira-Rey et al.,
2022; Ejjami, 2024)

Socratic AI collaboration is
less effective without
explicit scaffolding or user
training

Weak

Some studies report limited
impact when dialogic
processes are not well-
structured

(Tong et al., 2025; Nguyen
et al., 2024)

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

5. Conclusion

In summary, the literature indicates that a Socratic, negentropic mode of human-AI collaboration—characterized
by iterative, dialogic engagement—can effectively facilitate the generation of novel, meaningful theoretical
frameworks from the high-entropy outputs of large language models. This process is supported by emerging
frameworks and empirical studies, though further research is needed to optimize and validate these approaches
across domains.
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5.1 Research Gaps

Despite promising theoretical and initial empirical support, several gaps remain. There is a need for more large-
scale, domain-specific empirical studies, deeper integration of information-theoretic (negentropy) metrics, and
practical guidelines for scaffolding Socratic, dialogic processes in real-world human-AI teams.

Research Gaps Matrix

Topic/Framework Education
Creative
Design

Scientific
Research Business/Org. Healthcare

Socratic/Negentropic
Loop

3 2 1 1 GAP

Dialogic/Co-constructive 4 2 1 1 GAP

Bidirectional/Adaptive 2 2 1 1 GAP

Negentropy
Metrics/Validation

1 GAP GAP GAP GAP

Empirical, Large-Scale
Trials

1 GAP GAP GAP GAP

FIGURE 5  Matrix of research topics and domains, highlighting gaps in empirical and domain-specific studies.

5.2 Open Research Questions

Future research should focus on empirically validating negentropic, Socratic collaboration frameworks in diverse
domains, developing practical scaffolding and training methods, and integrating information-theoretic metrics to
measure knowledge emergence.

6 / 9

https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export


Question Why

How can negentropic, Socratic human-AI collaboration
frameworks be empirically validated across diverse
domains?

Empirical validation is needed to confirm the
generalizability and effectiveness of these frameworks
in real-world settings.

What practical scaffolding and training methods best
support dialogic, co-constructive human-AI knowledge
generation?

Effective scaffolding is crucial to ensure users engage
in meaningful, iterative dialogue rather than passive
information consumption.

How can information-theoretic (negentropy) metrics be
operationalized to measure knowledge emergence in
human-AI collaboration?

Quantitative metrics are needed to rigorously assess
the reduction of entropy and the emergence of new
knowledge structures.

FIGURE 6  Open research questions and their significance for advancing the field.

In conclusion, Socratic, negentropic human-AI collaboration holds significant promise for generating novel
theoretical frameworks, but further empirical research and practical development are needed to fully realize its
potential.

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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