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1 | THE LINGUISTIC TURN IN
SCIENTIFIC REASONING

Consider a molecular biologist exploring transcriptomic
data through an Al interface. A simple query about an
expression outlier triggers a cascade of speculative
exchanges—rapid, iterative, and dialogical. For the first
time, researchers can engage in sustained, dialogical
exchanges with computational systems. Al—particularly
large language models (LLMs)—has turned computation
into dialog [1]. This shift marks a deeper epistemic
reconfiguration: reasoning becomes dialogical, evolving
through feedback between representation and interpre-
tation. In philosophical terms, LLMs function as medi-
ating artifacts that shape what can be inferred and how
hypotheses are articulated [2]. Where past generations
of scholars had to master the syntax of code or statistical
languages, today’s scientists can explore ideas in plain
language, asking why as easily as how. Until recently, the
rhythm of research followed a linear path: read the liter-
ature, form a hypothesis, design the experiment, publish
the results [3]. Creativity often lived in the margins—hailf-
written notes or sporadic conversations—whereas much
thinking happened in isolation.

Historically, however, science had evolved differ-
ently. The first academies of science—such as the
Royal Society—thrived on correspondence and dispu-
tation [4]. Knowledge emerged through dialog and
collective reasoning. Yet, over time, that conversational
culture gave way to specialization, formal reporting, and
the economy of publication.

LLMs now may be reopening that space for dialog,
though the interlocutor is nonhuman [5]. Scientists can
brainstorm, translate, and critique ideas with systems
that respond instantly and fluently. The interaction is not
peer review, nor is it mere automation. It is something in
between: a private conversation that amplifies reflection
[6]. Researchers can test a line of reasoning, rephrase a
hypothesis, or probe a gap in logic before bringing it to
colleagues. In this sense, Al does not replace collabo-
ration; it extends it, relocating conversational energy in-
side the researcher’s workflow [7]. The chat interface
becomes a cognitive scaffold—a space where individual
reasoning can be externalized and iteratively refined [8].
Inquiry becomes less a sequence of procedural steps
and more a recursive exchange between human judg-
ment and algorithmic suggestion [1].

Science, long defined by its formal languages and
methods, is becoming increasingly interactive and
conversational. And in that rediscovered conversation,
researchers may find not only new answers but a
renewed way of asking questions [1].

2 | TALKING TO MACHINES: A NEW
GENRE OF SCIENTIFIC THOUGHT

When scientists first began using computers, they had
to learn the machine’s language. Every analysis, every
model, had to be translated into code or a specific way
to interact with a software interface. Thought became
instruction, and curiosity was constrained by syntax.
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Yet today that boundary is rapidly eroding. LLMs—
systems such as generative pre-trained transformer
(GPT) and the now-household name ChatGPT—allow
researchers to ask questions, test ideas, and explore
data in plain language. A biologist can request a sta-
tistical summary, or a historian can have an Al sum-
marize archival material [1].

This transformation introduces a qualitatively
different mode of reasoning with computational sys-
tems. Each exchange builds iteratively on the previous
one, creating a continuous feedback loop in which
questions and answers co-evolve. In quantitative
research, this can alter the modeling workflow, allowing
hypothesis refinement and interpretation within a single
dialog. In practice, interaction with an LLM feels less
like consulting software and more like externalizing
one’s own reasoning process [9]. A researcher might
prompt the model to surface alternative explanations or
identify conceptual analogies across fields. The re-
sponses are not always correct—hallucinations remain
a significant limitation—but they often introduce unex-
pected conceptual connections that sustain exploratory
reasoning [10]. They turn reasoning into a continuous
process of revision rather than a single step of execu-
tion [11].

This conversational rhythm is emerging as a
distinctive mode of scientific reasoning [12]. It changes
the temporal structure of inquiry: brainstorming occurs
in real time, feedback becomes instantaneous, and
conceptual exploration—traditionally  confined to
collaborative settings—integrates seamlessly into daily
workflow [5]. The model's capacity to retrieve and re-
contextualize information from vast textual corpora
enables connections that might otherwise remain un-
discovered. The dialog is asymmetrical—the model
possesses no agency or intent—but it is remarkably
adaptive, mirroring the user’s phrasing, maintaining
context, and elaborating on partially formed ideas. In
effect, the model acts as a reflective medium that ex-
ternalizes reasoning and exposes implicit assump-
tions [6].

Yet this fluency entails epistemic risks. Coherence
can mask uncertainty, and linguistic confidence can
foster misplaced trust [13]. The apparent authority of
well-formed text may obscure error or bias. If engaged
uncritically, such systems risk encouraging intellectual
passivity [14]. When used reflexively, however, they
function as scaffolds for thought—tools that externalize
reasoning without replacing it. The human researcher
remains the locus of interpretation and judgment; the
model serves as a conversational catalyst that keeps
inquiry active [8].

What emerges from this partnership is a new
cognitive configuration—part solitary reflection, part
dialogical collaboration. It exemplifies hybrid cognition,
in which reasoning is distributed across human and
artificial agents [15]. Here, the machine contributes to

retrieval and recombination of information, while the
human provides interpretation, evaluation, and
epistemic control. Scientific thinking becomes dynamic
and iterative, unfolding through interaction rather than
instruction. The rise of Al in research, therefore, is not
merely a story of automation but a rediscovery of dialog
as a method of inquiry, where understanding develops
through iterative questioning and refinement.

3 | FROM CONVERSATION TO
MODELING LOOP

In quantitative biology, computational reasoning has
always been iterative and tightly coupled to data.
Models are built, tested, refined, and sometimes
discarded—a cyclical process central to quantitative
inquiry [16]. Traditionally, much of the reasoning
shaping these cycles remained implicit or undocu-
mented. What LLMs introduce is a new layer in that
loop: a linguistic interface that externalizes reasoning
itself. Instead of translating thought into code or equa-
tions through specialized syntax, researchers can now
express intentions in natural language and receive
executable or explanatory responses. The model
functions as a linguistic interface between conceptual
framing and numerical implementation, allowing re-
searchers to articulate modeling intentions and receive
structured computational output.

This shift transforms how modelers engage with
uncertainty and abstraction. A systems biologist might
ask an Al to propose parameter sets producing oscil-
lations, then explain which feedback terms drive insta-
bility. Each exchange refines both the computational
setup and its interpretation. The dialog becomes a living
record of the modeling process—one that captures the
rationale, context, and evolving assumptions that often
vanish from published methods. This has direct impli-
cations for reproducibility: decisions that would nor-
mally be buried in code or tacit expertise become
verbally traceable. In this sense, the Al acts as a form of
epistemic documentation: a transparent transcript of
how models are conceived, questioned, and re-aligned
with data.

Classical modeling cycles often end when validation
metrics converge; conversational loops continue,
generating hypotheses about why a fit succeeded or
failed. They make explicit what was previously implicit
—how researchers reason between models and ob-
servations. This recursive coupling mirrors what phi-
losophers of science describe as circular knowledge
production: models shape interpretation, interpretation
reshapes modeling choices, and the cycle becomes
explicit through language [17]. Dialog is no longer a
prelude to analysis; it is part of analysis.

Yet this conversational layer does not dissolve rigor
—it repositions it. Responses from an Al can be



COMMENTARY

| 30of6

interrogated, revised, or traced, making the reasoning
process more auditable [18]. Properly integrated into
computational pipelines, these exchanges could
become part of the provenance metadata that accom-
panies models and datasets. Such records could
complement existing standards for model documenta-
tion, including workflow descriptions, parameter his-
tories, and justification of modeling choices. In doing so,
conversational Al does not replace the modeling loop of
quantitative biology; it renders that loop visible and
linguistically documented, enabling continuous revision
and scrutiny.

4 | WHEN SCIENCE STARTS TALKING
BACK

Scientific ideas rarely emerge fully formed. They evolve
—through sketches on a whiteboard, arguments in the
lab, or extended correspondence among collaborators.
What LLMs add to this process is instant, structured
feedback that can be directly linked to analytical or
modeling decisions [5, 7]. Instead of waiting for a
seminar or a peer review, a researcher can now test a
thought the moment it arises.

Type a question, get an answer, ask again. Each
exchange reshapes the problem. The conversation
does not end—it loops. The scientist’'s question be-
comes the seed for the next response, which in turn
sparks a new question. This recursive rhythm sustains
cognitive momentum. In quantitative workflows, this
often translates into faster refinement of model as-
sumptions, parameter choices, or analytical strategies.
Even when the model's answers are incomplete or
imprecise, they perform a heuristic function: they
generate candidate explanations, alternative formula-
tions, or analytical directions that can later be evaluated
empirically. Dialog itself becomes an experimental in-
strument, allowing researchers to “think out loud” in an
environment that provides structured feedback. Empir-
ical evidence supports this intuition. When researchers
were tasked with generating hypotheses with and
without Al assistance, the Al-supported ideas were
rated as more novel, though sometimes less feasible
[10]. This suggests that LLMs expand the exploratory
space of reasoning while leaving feasibility assessment
and selection to human judgment. They invite scientists
to pursue fragile or incomplete intuitions that might
otherwise be dismissed as premature [19].

The implications extend beyond individual creativity.
As reasoning becomes conversational, knowledge cir-
culates through new channels. However, this openness
introduces new epistemic tensions. When algorithms
participate in knowledge formation, questions of
authorship, verification, and accountability become
increasingly complex [13].

At a deeper level, this recursive dynamic exposes a
feature of scientific reasoning that is usually hidden: the
continual adjustment between interpretation and
modeling decisions. Dialog with Al makes this interpre-
tive work visible, rendering the reasoning process
observable, revisable, and open to meta-cognitive
reflection. The shift from iteration to conversation thus
marks not merely a technological development, but a
transformation in epistemic practice: discovery increas-
ingly emerges through interaction, where understanding
evolves through continuous dialog alongside, rather than
replacing, discrete experimental events [1].

5 | THE ACCESSIBLE MIND: WHO GETS
TO SPEAK SCIENCE?

When analysis can be conducted through ordinary
language, the boundaries of scientific participation
expand. What was once limited to those fluent in pro-
gramming or embedded within well-resourced in-
stitutions can now, in principle, be accessed by a far
broader range of researchers, including those without
advanced computational training [20]. Tasks that pre-
viously required scripting analyses, configuring soft-
ware pipelines, or accessing dedicated bioinformatics
support can now be initiated through dialog. For re-
searchers in underfunded institutions or regions with
limited resources, this transition represents a tangible
step toward greater epistemic equity in global sci-
ence [19].

Yet this same shift redefines what it means to be
scientifically literate. As technical barriers decline, lin-
guistic precision becomes the new epistemic threshold.
The capacity to formulate effective questions, to interpret
probabilistic answers critically, and to detect when fluent
language conceals error or bias now determines the
quality of reasoning. In a context where Al can execute
analytical procedures autonomously, the human contri-
bution centers on understanding—the ability to reason
clearly, read critically, and construct questions that elicit
meaning rather than merely retrieve information.

This transition has major implications for scientific
education. The next generation of researchers will need
to cultivate interpretive as well as computational skills.
Teaching statistical interpretation, scientific writing, and
critical reading thus becomes central—not peripheral—
to training, as these skills govern how researchers
evaluate and integrate Al-generated analyses.

Language models also function as linguistic and
cultural bridges. A researcher can query in Spanish
about a paper written in Standard Chinese and receive a
coherent contextual synthesis. In this sense, scientific
dialog becomes multilingual by default, lowering lin-
guistic barriers that have historically limited participation
and slowed the circulation of methods and results [1].
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However, the promise of democratization remains
contingent. Access depends on digital infrastructure,
licensing regimes, and critical engagement [3]. More-
over, while the models appear neutral, they reproduce
the biases embedded in their training data: over-
representation of English-language and Western sci-
entific discourse, underrepresentation of regional or
minority scholarship, and epistemic blind spots in non-
dominant traditions [13, 21]. In practice, this can skew
literature summaries, marginalize region-specific dis-
ease research, or bias model recommendations toward
dominant methodological traditions. Without deliberate
correction, these asymmetries risk transforming “inclu-
sive Al” into a new mechanism of exclusion—amplifying
existing hierarchies under the guise of universality.

The outcome will depend on design and gover-
nance. Open, transparent, and multilingual models
could form part of a shared conversational infrastruc-
ture that supports more equitable participation in sci-
entific  reasoning and method development.
Conversely, proprietary systems restricted by paywalls
or licensing constraints risk entrenching epistemic
inequality.

In short, conversational Al broadens access but
raises the cognitive bar for understanding. The scientist
of the near future may write fewer lines of code—but
must ask sharper, more critical questions—because
the quality of inquiry will increasingly hinge on how
well those questions are formulated.

6 | WHERE IDEAS CROSS BORDERS

If accessibility changes who can do science, creativity
changes what kind of science can be imagined. LLMs
are not merely accelerators of analysis; they are cata-
lysts that reshape the cognitive landscape in which
ideas emerge [10]. In quantitative biology, this often
manifests as the ability to link mechanistic models,
statistical patterns, and conceptual frameworks that
originate in distinct research traditions. By enabling
researchers to traverse disciplines through dialog, they
reintroduce fluidity into an intellectual system increas-
ingly structured by specialization, funding silos, and
metric-driven evaluation [19].

Scientific creativity has always relied on analogy—
the capacity to detect patterns that link distinct do-
mains of inquiry [22]. Yet disciplinary segmentation has
narrowed the range of such analogical reasoning: a
neuroscientist rarely reads economics, and an engineer
may never consult philosophy. Because LLMs are
trained on language that spans fields, genres, and
conceptual traditions, they can surface latent reso-
nances that would otherwise remain inaccessible. A
molecular biologist asking how cells coordinate under
stress might receive an analogy drawn from collective
behavior in ecology or information theory in network

science. While these analogies can sometimes be
inaccurate, they frequently reflect shared descriptive
structures across disciplines—terms, metaphors, and
conceptual schemas that recur in scientific discourse.
In this sense, the model functions as an agent of
analogy, retrieving forgotten conceptual bridges be-
tween separate epistemic traditions [1].

Such cross-domain associations make dialog with
Al inherently generative. When a researcher asks, “Is
there something like this in another system?”, the
model’s associative reasoning expands the map of
possible connections. This process reintroduces
serendipity into a research culture that has become
heavily optimized and risk-averse.

Creativity also resides in expression. To articulate
an idea clearly often means to understand it more
deeply. Here too, LLMs act as rhetorical collaborators—
proposing alternative framings, metaphors, and analo-
gies that help researchers reimagine their own findings.
A biologist might prompt, “Explain this mechanism as if
it were architecture,” and discover parallels in structure,
stability, or hierarchy. These exercises may appear
playful, yet they are cognitively substantive: metaphors
operate as instruments of conceptual discovery.
Empirical work in design and engineering similarly
suggests that conversational Al expands the range and
originality of proposed solutions [8].

The scientist remains the author of insight, but the
dialog sustains creative momentum. The act of dis-
covery becomes distributed—a recursive process in
which human intention and algorithmic suggestion co-
evolve. However, this collaborative creativity also in-
troduces new ethical and epistemic questions. When an
idea arises from such an interaction, where does
authorship reside? Is the model a co-author, a tool, or a
catalyst? The practical answer may be less important
than the intellectual posture it requires: one of respon-
sible play—the ability to speculate freely while main-
taining critical rigor [7].

The generative conversation is therefore both op-
portunity and test. Creativity becomes partially distrib-
uted, emerging from interactions between human
reasoning, disciplinary knowledge, and algorithmic as-
sociation. In this light, Al does not invent on our behalf;
it reactivates our capacity to invent. It restores con-
versation as the central mechanism of creative inquiry,
reconnecting disciplines and highlighting that, in many
areas of quantitative research, conceptual advances
begin as tentative questions rather than finalized
models.

7 | THE FRAGILE DIALOG

Every transformation in how humans think and
communicate introduces new forms of fragility. The rise
of Al-driven dialog in science is no exception. The same
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systems that make reasoning more fluid also generate
subtle distortions in how knowledge is produced, vali-
dated, and shared. To realize their potential, these
vulnerabilities must be addressed directly—not as
technical flaws to be patched, but as structural tensions
inherent to a new cognitive ecology [7].

LLMs are extraordinarily fluent, and that fluency can
deceive. They generate plausible text rather than veri-
fied truth and their linguistic coherence can effectively
mask uncertainty. In science—where authority is often
conveyed through polished language—this performa-
tive confidence poses a risk. Fabricated citations,
elided ambiguity, or stylistic precision can give an illu-
sion of rigor that even experts may hesitate to chal-
lenge. The danger lies not only in misinformation but in
the erosion of epistemic vigilance: the tendency to treat
fluency as evidence [10].

A deeper threat, however, lies in habituation.
Conversational ease can dull the skepticism on which
science depends. When complex questions yield
instant, confident answers, reflection itself risks being
outsourced. Psychologists refer to this as cognitive
offloading—delegating mental effort to an external
system [14]. Yet here, the offloading concerns
reasoning, not memory. The issue is not computational
capacity but the gradual normalization of unverified
reasoning within analytical workflows.

Avoiding this outcome requires a new scientific
literacy—one that is not computational but dialogical.
Researchers and students must learn to interrogate
models as they would colleagues: to ask where claims
originate, what evidence supports them, and what as-
sumptions remain hidden [15]. Pedagogy must there-
fore evolve from learning to compute toward learning to
converse critically. The scientist of the future will need
to integrate linguistic competence with methodological
rigor, ensuring that conversational inputs remain
grounded in data and reproducible analyses.

These shifts also complicate established norms of
attribution and responsibility. As Al becomes a partner
in reasoning, long-standing norms of authorship and
accountability grow less certain. Meanwhile, inequities
in access may deepen: wealthier institutions capable of
licensing advanced models will amplify their advantage,
while resource-poor contexts risk exclusion from this
emerging conversational infrastructure [20]. What ap-
pears as democratization could easily reproduce
hierarchy.

A responsible framework for Al-assisted research
must therefore be both technical and cultural. Trans-
parency about model use, explicit disclosure of Al
involvement, ethical training for researchers, and public
investment in open, multilingual systems are essential.
The goal is not to constrain dialog but to preserve its
integrity—to ensure that human—machine conversation
remains a medium for understanding, not persuasion.
One practical response to these risks is to treat dialog

itself as part of the scientific record. In quantitative
biology, reproducibility depends on documenting how
models are designed, parameterized, and interpreted.
Conversational Al can extend that transparency by
embedding a dialogical audit trail within computational
workflows—storing prompts, model suggestions, and
subsequent revisions alongside the data and code they
helped produce. These records would reveal the inter-
pretive steps that shape model outcomes, exposing
biases or misframings before they harden into results.
Much as version control systems track code evolution,
conversational logs could function analogously to
version control for interpretation—tracking why
modeling decisions were made, what alternatives were
considered, and how conclusions emerged. Incorpo-
rating this “epistemic provenance” into metadata and
repositories would transform Al-assisted dialog from an
opaque exchange into a traceable component of the
modeling process, aligning it with the open-science
standards already familiar in the field.

The fragility of Al-mediated dialog does not negate
its promise; it defines the conditions under which that
promise can mature. Every new medium of thought
distorts even as it reveals. The task of science is to
navigate this duality consciously. If researchers engage
artificial interlocutors with critical awareness and hu-
mility, dialog itself may evolve into an ethical framework
—a mode of reasoning that remains computational yet
distinctly human.

8 | CONCLUSION: TOWARD A MORE
HUMAN SCIENCE?

To converse with Al is to participate in an experiment in
co-thinking. Its success depends on maintaining sym-
metry without equivalence—a partnership in which the
human remains the ethical and epistemic anchor. The
future of scientific dialog rests on three principles:
transparency, critical literacy, and humility. Trans-
parency keeps the origins of ideas visible and the role of
Al explicit. Critical literacy safeguards against the illusion
of machine authority. Humility reminds us that dialog,
even when technologically mediated, remains an ethical
act—a practice of listening as much as speaking.

The rise of LLMs signals a phase shift in scientific
reasoning: one defined less by automation than by
conversation. Discovery now extends beyond com-
manding tools to collaborating with them. A single
dialog can traverse literature review, hypothesis for-
mation, and conceptual synthesis—transforming in-
quiry from a linear sequence into a recursive exchange
between intuition and computation. For quantitative
biology, this shift has practical consequences: model
development, parameter exploration, and conceptual
framing increasingly occur through iterative linguistic
interaction rather than isolated coding stages.
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This transition does not diminish rigor; it reframes it.
LLMs expand the horizon of reasoning, offering scope,
recall, and linguistic agility, while judgment and inter-
pretation remain human.

If approached with care and reflexivity, this partner-
ship could inaugurate a more reflective and participatory
scientific practice—one in which technology becomes an
extension of our interpretive and creative capacities
rather than their replacement. In this plural dialog be-
tween human and artificial minds, knowledge regains its
oldest form: conversation. And through that, science may
reinforce one of its enduring strengths: the collaborative
refinement of ideas through shared inquiry.
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