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Abstract

According to Kuhn’s speciation analogy, scientific specialization is fun-
damentally analogous to biological speciation. In this paper, we extend
Kuhn’s original language-centered formulation of the speciation analogy,
to account for episodes of scientific specialization centered around method-
ological differences. Building upon recent views in evolutionary biology
about the process of speciation by genetic divergence, we will show how
these methodology-centered episodes of scientific specialization can be un-
derstood as cases of specialization driven by value divergence. We will
apply our model of specialization by value divergence to an episode of
methodology-centered scientific specialization: the emergence of molecu-
lar biology.

1 Introduction

As highlighted by several scholars (cf. Bird 2000; Renzi 2009; Reydon and
Hoyningen-Huene 2010; Wray 2011; Kuukkanen 2012), Kuhn’s work is perme-
ated by evolutionary analogies. From the analogy between scientific and evo-
lutionary progress that closes Structure (Kuhn, 1962) to the niche-construction
analogy central to “The Road Since Structure” (Kuhn, 1990), evolutionary the-
ory is Kuhn’s preferred analogical domain for describing the development of
science. One of Kuhn’s most innovative evolutionary analogies and, at the same
time, one of the least discussed, is the so-called speciation analogy (cf. Kuhn
1990), i.e., Kuhn’s understanding of the increasing specialization of science as
somewhat analogous to the process of biological speciation.

In this work, we will explicate Kuhn’s analogy between scientific specializa-
tion and biological speciation in the light of contemporary philosophy of science
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and evolutionary biology. More specifically, we will extend Kuhn’s analogy in
order to adequately account for episodes of scientific specialization centered
around methodological differences between scientific communities. If, in fact,
Kuhn’s original account of scientific specialization focuses exclusively on lexi-
cal differences between scientific disciplines, contemporary philosophy of science
has shown that several episodes of scientific specializations do not primarily in-
volve language differences, but rather differences in methodology.1 In order to
extend Kuhn’s speciation analogy to these methodology-centered episodes of
scientific specialization, we will build on recent findings in evolutionary biol-
ogy that highlight how biological speciation might occur also in the absence of
physical barriers, thanks to the combination of niche-constructing activities of
organisms and of genetic divergence. In analogy with these episodes of biolog-
ical speciation by genetic divergence, we will argue that methodology-centered
episodes of scientific specialization can be understood as episodes of special-
ization by value divergence. That is, in these episodes, the methodologies of
two groups within a given scientific community progressively grow apart due
to the combination of their epistemic niche-constructing activities and a posi-
tive feedback-loop mechanism between the values embedded in a group’s disci-
plinary matrix and the group’s worldview. We will show the adequacy of our
extended speciation analogy by reconstructing as an instance of specialization
by value divergence a case of methodology-centered scientific specialization, i.e.,
the emergence of molecular biology.

Our aim in this paper will be two-fold. First, we will extend Kuhn’s specia-
tion analogy in the light of recent views in evolutionary biology to account for
the diversity of scientific specializations. Secondly, by doing that, we seek to
highlight the crucial, yet often underappreciated role that epistemic values play
in the branching of scientific disciplines.

In Section 2, we will analyze Kuhn’s analogy between biological speciation
and scientific specialization in its original formulation. In Section 3, we will focus
on the limits of Kuhn’s language-centered speciation analogy, in so far as his-
tory and philosophy of science have recently highlighted that several episodes
of scientific specialization seem to be centered around methodological differ-
ences, rather than language differences. In Section 4, we will present recent
findings in evolutionary biology that show how biological populations can un-
dergo speciation also in the absence of physical barriers thanks to the process
of genetic divergence. In Section 5, we will argue that biological speciation by
genetic divergence offers us a blueprint for extending Kuhn’s speciation analogy
to methodology-centered episodes of scientific specialization. We will first show
how to model these episodes of specialization as driven by value divergence and,
then, we will apply our model of specialization by value divergence to a case
study: the emergence of molecular biology. Section 6 concludes.

1See, for example, (Rheinberger, 1997; Solomon, 2001; Chang, 2012, 2013; Shan, 2020b).
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2 Kuhn’s Speciation Analogy and the Branch-
ing of Scientific Disciplines

In this section, we will focus on Kuhn’s speciation analogy, i.e., the evolution-
ary analogy that Kuhn (Kuhn, 1990) draws between biological speciation and
scientific specialization. More specifically, by the speciation analogy, we refer to
Kuhn’s thesis that the process of increasing specialization that scientific disci-
plines exhibit in the growth of scientific knowledge is fundamentally analogous
to the process of speciation that biological populations undergo as a result of
natural selection. Kuhn presents this analogy with the following words:

“After a revolution there are usually (perhaps always) more cognitive

specialties or fields of knowledge than there were before. Either a new

branch has split off from the parent trunk, as scientific specialties have

repeatedly split off in the past from philosophy and from medicine. Or

else a new specialty has been born at an area of apparent overlap be-

tween two preexisting specialties, as occurred, for example, in the cases

of physical chemistry and molecular biology. (. . . ) Over time a diagram

of the evolution of scientific fields, specialties, and subspecialties comes

to look strikingly like a layman’s diagram for a biological evolutionary

tree. (. . . ) revolutions, which produce new divisions between fields in

scientific development, are much like episodes of speciation in biological

evolution. The biological parallel to revolutionary change is not mutation,

as I thought for many years, but speciation. And the problems presented

by speciation (e.g., the difficulty in identifying an episode of speciation

until some time after it has occurred, and the impossibility, even then,

of dating the time of its occurrence) are very similar to those presented

by revolutionary change and by the emergence and individuation of new

scientific specialties. (Kuhn, 1990, pp. 98-99)

The proliferation of scientific disciplines is for Kuhn the natural consequence
of scientific progress, just like the proliferation of different species of organisms
is a byproduct of biological evolution. The fragmentation of scientific knowl-
edge in a plethora of specialized disciplines is not a temporary, contingent ele-
ment of science, as many proponents of the unity of scientific knowledge seem
to assume, but a permanent, necessary feature of scientific development. The
more science progresses, the more it fragments itself. Since scientific progress
amounts, for Kuhn, to the ever-increasing problem-solving capacity of science,
the evolutionary-like process of adaptation and selection of scientific knowl-
edge determines a proliferation of domain-specific scientific disciplines optimally
adapted to the specific problems they ought to solve. This progress-driven spe-
cialization effect of scientific development is a sort of “principle of divergence”
(Darwin, 1859) for scientific knowledge that is encoded in Kuhn’s speciation
analogy. According to Darwin, natural selection causes competitors to evolve
to become more dissimilar from each other in resource use and associated traits,
which explains the process of speciation in terms of natural selection. Analo-
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gously, the branching of scientific disciplines is explained, by Kuhn, as a result
of diverging epistemic selective pressures.

Kuhn’s speciation analogy, together with its epistemic justification of scien-
tific specialization, plays a crucial role in Kuhn’s late philosophy of science, as it
dovetails with two fundamental pillars of Kuhn’s thought: the non-teleological
nature of scientific progress and the role of incommensurability in science.

We mentioned above how Kuhn understands scientific specialization as an
epistemic byproduct of scientific progress. Science progresses through the devel-
opment of increasingly specialized (sub)disciplines optimally adapted to solve
a specific set of significant problems. In Kuhn’s view, this proliferation of sci-
entific disciplines shows that the only viable notion of progress in science is a
non-teleological one (cf. Kuukkanen 2021; Haufe 2022). Just like the Darwinian
explanation of the proliferation of biological species as a consequence of the pro-
cess of natural selection, i.e., Darwin’s aforementioned principle of divergence,
constituted one of the major arguments against teleological notions of progress
in biology, scientific specialization shows, for Kuhn, that teleological notions of
scientific progress are doomed to fail. The ever-increasing diversity and frag-
mentation of scientific knowledge pushes us, in fact, to acknowledge that, as
Kuhn has stressed since Structure, there is no unique goal nor end to scientific
inquiry. The only kind of directionality that one can see in the history of sci-
ence is a backward one, i.e., a progress from something, not a progress towards
something.

In addition to clarify the non-teleological nature of scientific progress, Kuhn’s
speciation analogy plays another important function in Kuhn’s mature philos-
ophy of science, that is, it shows the positive role of incommensurability in
scientific practice. Despite post-Kuhnian philosophy of science has overwhelm-
ingly focused on the negative effect that the phenomenon of incommensurability
might have for our notions of scientific rationality and realism,2 Kuhn under-
stood incommensurability as a positive force in the development of scientific
knowledge (cf. Kuhn 1970, 1974, 1983a, 1989, 1990, 1993). Specifically, in-
commensurability denotes the division between the practice and the language
of different scientific communities that is necessary for them to make progress
with respect to the specific problems that they set themselves to solve. Just
like different biological populations often need a certain degree of isolation in
order to evolve optimal adaptations to particular environmental pressures, so
do, according to Kuhn, scientific communities have to be isolated, to a certain
degree, in order to successfully practice their specialized trades:

“The second parallel between biological and scientific development (. . . )

concerns the unit which undergoes speciation (not to be confused with a

unit of selection). In the biological case, it is a reproductively isolated pop-

ulation, a unit whose members collectively embody the gene pool, which

ensures both the population’s self-perpetuation and its continuing isola-

2Examples of critical discussion of incommensurability as a threat to scientific rationality
and realism are (Shapere, 1966; Lakatos and Musgrave, 1970; Stegmüller, 1976; Lakatos, 1978;
Kitcher, 1978; Laudan, 1981; Psillos, 1999; Friedman, 2001).
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tion. In the scientific case, the unit is a community of intercommunicating

specialists, a unit whose members share a lexicon that provides the basis

for both the conduct and the evaluation of their research and which simul-

taneously, by barring full communication with those outside the group,

maintains the isolation from practitioners of other specialties. To anyone

who values the unity of knowledge, this aspect of specialization – lexical

or taxonomic divergence, with consequent limitations on communication

– is a condition to be deplored. But such unity may be in principle an

unattainable goal, and its energetic pursuit might well place the growth

of knowledge at risk. Lexical diversity and the principled limit it imposes

on communication may be the isolating mechanism required for the de-

velopment of knowledge. Very likely it is the specialization consequent

on lexical diversity that permits the sciences, viewed collectively, to solve

the puzzles posed by a wider range of natural phenomena than a lexically

homogeneous science could achieve. (Kuhn, 1990, pp. 105-106)

Kuhn’s speciation analogy shows that incommensurability is not a danger to
scientific progress, but one of its epistemic preconditions. As explicitly stressed
by more recent theories that build upon Kuhn’s account of scientific specializa-
tion, incommensurability drives the improvement of scientists’ conceptual tools
(cf. Wray 2011) and helps to isolate scientific communities from non-epistemic
pressures (cf. Haufe 2022). The increase of problem-solving capacity that the
history of science displays is then possible also thanks to the lack of perfect
communication and conceptual overlap between different scientific disciplines,
i.e., thanks to incommensurability.

In this way, Kuhn’s speciation analogy clarifies how the development of
scientific knowledge is an evolutionary process and further specifies the nature
and the role of scientific progress and incommensurability in Kuhn’s mature
philosophy of science. It does that by providing an epistemic justification for
scientific specialization that understands specialization as a necessary condition
for the characteristic progressive nature of scientific knowledge.

3 More than Language: methodological incom-
mensurability between scientific disciplines

We saw in the last section how Kuhn’s speciation analogy clarifies the positive
role that the phenomenon of incommensurability plays in scientific development,
namely, that of providing the necessary degree of isolation that fuels the initial
development of a new scientific discipline. In this section, we will look more
closely at this isolation-inducing role of incommensurability in scientific special-
ization and, more specifically, at the specific kinds of incommensurability that
can be responsible for this phenomenon.

Kuhn, in presenting his speciation analogy, explicitly focuses on a specific
kind of incommensurability, namely, what is usually referred to in Kuhn schol-
arship as taxonomic incommensurability (Sankey, 1997), i.e., the kind of local
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intranslatability of kinds between different scientific disciplines or theories. Tax-
onomic incommensurability is the last version of Kuhn’s semantic incommen-
surability (or meaning incommensurability), i.e., the dimension of incommen-
surability that sees this phenomenon as a linguistic phenomenon that denotes
differences in meaning between (parts of) different scientific theories.3 This
semantic understanding of incommensurability, which Kuhn employs in his spe-
ciation analogy, is a byproduct of a more general linguistic change in Kuhn’s late
philosophy. As stressed by several Kuhn scholars (cf. Bird 2002; Shan 2020a), in
his post-Structure years Kuhn’s philosophy underwent a lexical turn that caused
him to explicate all the central notions of his philosophy (e.g., paradigm, rev-
olution, incommensurability, . . . ) linguistically. Even Kuhn’s notion of incom-
mensurability, a notion that had a clear multifaceted character in Structure, is
reduced only to his semantic dimension by the late Kuhn (cf. Sankey 1993; Mar-
cum 2015). Thus, as we saw in the second quote of the previous section, when
describing the speciation-like process that underlies the branching of scientific
knowledge, Kuhn stresses the role of lexical diversity and the consequent par-
tial linguistic isolation driving the detachment of the soon-to-be new scientific
discipline from the discipline of origin.

Despite Kuhn’s explicit focus on semantic incommensurability, we could ask
whether lexical diversity alone exhausts the role that incommensurability plays
in scientific specialization. After all, Kuhn’s linguistic turn has been criticized
for being mostly driven by personal motivations, such as Kuhn’s desire to be
understood and appreciated by the philosophers of science of his time, and
for eliminating some of the most original and forward-looking innovations of
Structure (cf. Bird 2002; Shan 2020a). Moreover, scientific specialization is an
ubiquitous phenomenon in the history of science and, as such, we can expect it
to take many forms and to be determined by a plethora of internal and external
factors. It thus seems extremely likely that there is more than language barriers
behind the incommensurability-driven speciation of scientific disciplines. As
a matter of fact, recent scholarship has explicitly questioned the adequacy of
Kuhn’s semantic focus on the specialization of scientific disciplines, showing how
in the recent history of science we can find several examples of specialization
that do not seem to revolve around linguistic barriers between the disciplines.
Examples of scientific specializations that have been claimed not to revolve
around semantic incommensurability include the birth of statistical mechanics
(Politi, 2019), the development of molecular biology (Politi, 2018), and the
emergence of evolutionary paleontology (Haufe, 2022). In these examples, the
differences between the scientific (sub)community developing the new scientific
discipline and the community of origin do not seem to revolve around differences
in language, but rather around differences in problems, methods, and standards.

Problems, methods, and standards are important components of the other

3The exact distinction between different kinds of incommensurability is a subject of con-
tention among Kuhn scholars (cf. Sankey 1994; Hoyningen-Huene 1993; Hoyningen-Huene
and Sankey 2001; Oberheim and Hoyningen-Huene 2018). Here we blur certain distinctions
between different versions of semantic incommensurability in order to focus instead on the
difference between semantic kinds and methodological kinds of incommensurability.
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main dimension of Kuhn’s original, multifaceted notion of incommensurability,
namely, what is usually called methodological incommensurability (cf. Sankey
1994; Hoyningen-Huene and Sankey 2001; Oberheim and Hoyningen-Huene 2018).
Methodological incommensurability denotes the differences in methods and method-
ology between different scientific communities. In Structure, Kuhn discusses at
length this dimension of incommensurability, stressing that the impossibility of a
final proof between competing paradigms is also a byproduct of the methodolog-
ical differences in the problems, methods, standards, values, and commitments
between scientists working within different paradigms:

“Through the theories they embody, paradigms prove to be constitutive

of the research activity. They are also, however, constitutive of science

in other respects, and that is now the point. In particular, our most

recent examples show that paradigms provide scientists not only with a

map but also with some of the directions essential for map-making. In

learning a paradigm the scientist acquires theory, methods, and standards

together, usually in an inextricable mixture. Therefore, when paradigms

change, there are usually significant shifts in the criteria determining the

legitimacy both of problems and of proposed solutions.” (Kuhn, 1962,
p. 114)

Given the significance that Kuhn attributes to methodological incommen-
surability in Structure, it is not surprising that the aforementioned examples
of scientific specialization without semantic incommensurability involve incom-
mensurable methodologies. Politi (Politi, 2019) argues, in fact, that both spe-
cialization processes behind the birth of statistical mechanics and molecular
biology involve important differences in methods, while Haufe (Haufe, 2022) ex-
plains that the emergence of evolutionary paleontology as a scientific discipline
involves substantial differences in problems and methods between the soon-to-
be community of evolutionary paleontologists and their community of origin.
Indeed, all these three examples of scientific specialization can be considered as
examples of specialization centered around methodological incommensurability.

Epistemic values are an important component of the practice of a scien-
tific community that is not explicitly conceptualized in these three examples
of methodology-centered scientific specialization. Yet, epistemic values play
a crucial role in Kuhn’s notion of methodological incommensurability, in that
they represent the core standards of evaluation guiding the epistemic choices
of a scientific community (cf. Kuhn 1970, 1977; Sankey 1994; Hoyningen-Huene
and Sankey 2001). As such, despite epistemic values do not strictly speaking
belong to the methodological components of a scientific practice, they are an
important part of the disciplinary matrix of a scientific community that is in-
tertwined with its methodology. We could then ask what role these epistemic
values play in these methodology-centered episodes of scientific specializations.
This question is independently justified also by the pervasive influence that
epistemic values have on several aspects of scientific practice closely connected
to specialization, such as theory choice (McMullin, 1983; Sankey, 1995; Okasha,
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2011), theory development (Laudan, 1984, 2004), scientific rationality (Longino,
1990; Lacey, 1999; Solomon, 2001; Douglas, 2009; Carrier, 2013), and scientific
progress (Laudan, 1978). Moreover, recent integrated history and philosophy
of science has stressed the important role that epistemic values had in major
disciplinary branchings in the history of science, such as the birth of modern
chemistry (Chang, 2012, 2013), the origin of genetics (Shan, 2020b), and the
emergence of empirical psychology (Feest, 2014).

Thus, the history of science seems to offer several examples of scientific
specialization that were centered around methodological incommensurability,
and in which differences in epistemic values arguably played a major role. In
order to clarify the role of epistemic values in these episodes of specialization
and to extend Kuhn’s account of specialization to include these cases, we need
first to go back to Kuhn’s speciation analogy and extend it. In order to do that,
we will borrow some conceptual tools from contemporary evolutionary biology.

4 Biological Speciation by Genetic Divergence

So far, we have closely followed Kuhn in discussing his analogy between the
branching of scientific disciplines and biological speciation. Yet, as we saw in
the last section, there seems to be more to the positive role of incommensurabil-
ity in scientific specialization than the lexical isolation on which Kuhn focuses.
Thus, in order to explicate the methodology-centered mechanism of specializa-
tion that we saw at work in the examples mentioned in Section 3, we need to
go beyond Kuhn’s original analysis. To do that, we will examine more in de-
tail the mechanism of biological speciation in the light of recent developments
in evolutionary biology. More specifically, we will focus on niche construction
as an active mechanism involved in speciation and on genetic divergence as
the driver of episodes of speciation that do not involve physical barriers. In
the next section, we will show how analogous mechanisms are at work behind
methodology-centered specializations in scientific practice.

The first aspect of biological speciation on which we will focus is the phe-
nomenon of niche construction. Niche-construction theory is a branch of evolu-
tionary biology that models evolutionary dynamics based on the evidence that
organisms can fit the environment not only by evolving adaptations through nat-
ural selection, but also by transforming the environment during their lifespan
(cf. Odling-Smee, Laland and Feldman 2003). Organisms do so, for instance,
by regularly modifying local resource distributions, by choosing and changing
habitats, or by constructing artifacts. These niche-constructing activities indeed
emerge as responses to external selective pressures. At the same time, as de-
picted in Figure 1, these activities, by transforming the environment, contribute
to changing the selective pressures which, in turn, prompt further adaptive re-
sponses from the organisms and, therefore, affect their fitness.

With regard to speciation, we can understand the importance of niche con-
struction by appreciating its role in contributing to two mechanisms that favor
optimal adaptation: the stabilization of environmental factors and the isolation
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Figure 1: The interrelationships between organisms and environment, as con-
ceptualized by niche-construction theory.

of the population from new variants. First, we must consider that optimal adap-
tation of a population to a certain environment is favored by the stabilization
of the selective pressures. In other words, stable environmental pressures en-
able natural selection to operate towards the optimization of adaptive traits in
a certain direction. On the other hand, unstable environmental conditions dis-
rupt this trend, because they perturb the tendency of a population to specialize,
that is, to develop traits optimally adapted to certain conditions, a tendency
which increases their reproductive success (i.e., their fitness). However, for
niche-constructing organisms the stabilization of selective pressures does not de-
pend just on changes of the environment considered as an external independent
variable. In fact, these organisms can contribute to stabilizing their selective
environments by recreating favorable environmental factors through their mod-
ifications of the environment (cf. (Ackerly, 2003)). In addition to environmental
stability, optimal adaptation can be hindered by the appearance of sub-optimal
variants. While the availability of variants is necessary for natural selection to
operate, too much variability – and the presence of extreme variants in particular
– is an obstacle to optimal adaptation. Again, isolation is key to the effective-
ness of selection, since a population of relatively limited size and geographically
isolated is most favorable to fast evolution of traits adapted to specific environ-
mental influences, as Darwin showed with the famous example of the Galapagos
finches. Niche-constructing behaviors can contribute to isolating a population
by preventing the introduction of new, potentially less adaptive, variants in the
reproductive pool through mechanisms such as mating preferences (cf. (Rice,
1987)). In fact, the preference of certain organisms to reproduce with partners
with certain phenotypic traits drives the selective pressures in a direction that
favors that trait towards optimal adaptation. Through these two mechanisms,
environment stabilization and isolation from the introduction of new variants
through the restriction of the reproductive pool, niche construction works as an
active process which recreates the environmental factors that positively impact
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a species reproductive success. In this sense, niche construction is a process
that can enhance the isolation of a population by fostering independence from
external selective pressures as well as from new variants emerging from the very
population. In turn, isolation promotes the directionality of selection, that is
the tendency towards specialization and optimal adaptation.

The second aspect related to biological speciation that we want to examine
is the mechanism of genetic divergence. Genetic divergence is the process by
which two or more populations with common origin accumulate independent
genetic changes through time. This process may lead to reproductive isolation
and, thus, can be at the root of speciation events. More specifically, the mecha-
nism behind an event of speciation by genetic divergence is the following. After
a certain period during which individual variants of a biological population have
pursued unexploited resources, such as, for instance, certain food resources that
are not exploitable by the original population, the gene flow between the origi-
nal population and the variant subgroup may start to decrease. This is because
isolation mechanisms can start to lead members of the variant subgroup to re-
produce more with other members of this subgroup, rather than with members
of the original population (following the example above, because individuals
that exploit the same food resources have more opportunity for interaction).
Therefore, selection starts operating in two diverging directions for the original
population and the variant subgroup, leading to genetic divergence. The cumu-
lative effects of selection over the generations can have as a possible result that
morphological differences between the two (sub)populations may arise. In some
cases, morphological divergence leads to the impossibility of cross-breeding be-
tween the variant subgroup and the population of origin but, even if that is
not the case, reproduction between these newly branched species is strongly
discouraged by other selection mechanisms. We can see a graphical depiction of
this step-wise process of genetic divergence in Figure 2.

Evolutionary theorists have recently stressed the significance of genetic di-
vergence as a driver for speciation, because of its relative independence from
the existence of physical barriers (cf. (Palumbi, 1994)). In fact, while in the
Modern Synthesis speciation is driven by the central mechanism of geographic
isolation of subgroups and the consequent cessation of the gene flow between
the isolated subgroup and the original population, according to the Extended
Evolutionary Synthesis (Laland et al., 2014, 2015) speciation does not require
physical barriers or complete genetic block. Therefore, according to the most
recent picture of evolution by natural selection, the emergence of a new variant
that can exploit hitherto unexploited resources and the presence of sufficiently
strong replication and isolation mechanisms are enough for natural selection to
steer into diverging directions, each direction operating on a different subgroup
of the population (cf. (Feder, Egan, and Nosil, 2012)). The cumulative effect of
selection into diverging directions can lead to the emergence of different species,
as depicted by Figure 3.

As we have seen, mating preferences represent a core mechanism involved
in genetic divergence, in that they promote the reproductive isolation of a sub-
group, thus enhancing the optimization of the adaptive trait(s) that make the
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Figure 2: A graphic representation of two subsequent steps of the process of
genetic divergence. At time T1 a variant subgroup within a population starts
exploiting previously unexploited resources through certain behaviors (includ-
ing some niche-constructing behaviors). Progressively this cycle might lead to
diverging modifications of the selective environment, thus promoting the isola-
tion of the subgroup and thus leading to genetic divergence (T2).

Figure 3: A graphic representation of a speciation episode resulting from the
process of genetic divergence.

variant subgroup particularly fit to certain environmental conditions. This
mechanism favors the optimal adaptation of the subgroup by restricting the
reproductive pool from new variants that may lead the selection towards non-
optimal adaptation. Even though mating preferences can indeed emerge as the
result of selective pressures, they nevertheless influence the strength and direc-
tion of those very pressures, according to the dynamics that we have seen at
work in niche construction. More precisely, mating preferences are a mechanism
that, like other niche-constructing behaviors, contributes to recreate the envi-
ronmental conditions that favorably impact a population reproductive success,
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in this case, isolation. In this sense, genetic divergence is influenced by the or-
ganisms’ own preferences and activities, even though only indirectly, since these
preferences and activities have an impact on some of the environmental factors
which determine the very selective pressures acting on the organisms.

In sum, the cumulative adaptive gain that the variant subgroup obtains via
isolation and genetic divergence is the result of the joint effect of direct selective
pressures – which, at some point, start operating in diverging directions – and
of organisms’ preferences and activities. More specifically, mating preferences
indirectly affect the direction of selection by modifying certain environmental
conditions, thus enhancing isolation, which can lead to genetic divergence and,
ultimately, to speciation events. In this way, similarly to what we highlighted
in the case of niche-construction, we can see how a feedback-loop dynamic is
at the heart of the process of genetic divergence, a widespread dynamic in
biological systems (cf. (Lehtonen and Kokko, 2012)). In the next section, we
will identify how a feedback loop analogous to the one of genetic divergence is at
play in the context of scientific development and how it can adequately capture
the dynamics of scientific branching, including methodology-centered scientific
specializations.

5 Scientific Specialization by Value Divergence

We saw in the last section that the Extended Evolutionary Synthesis identifies
specific mechanisms that make sense of how biological populations can undergo
speciation also in the absence of physical barriers. Specifically, we saw that bi-
ological populations, via their niche-constructing activities, are able to actively
contribute to a process of positive feedback loop between environmental pres-
sures and mating preferences that may push natural selection to operate into
diverging directions between different subpopulations, a process that may ulti-
mately lead to a speciation event. In this section, we will see that this process
of speciation driven by genetic divergence gives us a blueprint for understand-
ing the possibility of methodology-centered episodes of scientific specialization
as driven by a process of value divergence. Such a blueprint will offer us a
way of expanding Kuhn’s analogy between biological speciation and scientific
specialization to cases of specialization where lexical diversity is not the most
important driving factor (cf. Section 3).

In order to draw the analogy between speciation by genetic divergence and
scientific specialization driven by value differences, we need first to see whether
in scientific practice we can find analogues of the two main components that we
saw at work in biological speciation in the absence of physical barriers: niche-
constructing activities and genetic divergence.

The idea that scientific practice has elements that are strongly analogous
to niche-constructing activities in evolutionary theory is explicitly discussed
by Kuhn in “The Road since Structure” (Kuhn, 1990). Inspired by his read-
ing of Lewontin’s work on adaptation and biological niches (Lewontin, 1978),
Kuhn (Kuhn, 1990) suggests that the relationship between scientists and the
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external world is structurally analogous to the way in which organisms and the
environment influence one another in niche construction. According to niche-
construction theorists, as we briefly saw in Section 4, both the primary, direct
selective pressure exerted by the environment on organisms and the secondary,
indirect selective influence exerted by organisms themselves by transforming
the environment through their activities, contribute to the building of niches
over time. Therefore, niches result from a process of co-construction involving
both the organisms and the environment. According to Kuhn, an analogous
co-construction underlies the emergence of phenomenal worlds, i.e., the worlds
in which scientists, working within a specific disciplinary matrix, live and op-
erate.4 These phenomenal worlds, or, in our terminology, worldviews, are co-
constructed by the scientists and the external world. More specifically, Kuhn
stresses that, by adopting a disciplinary matrix, scientists commit to a set of re-
search questions, methods, taxonomic and ontological assumptions, etc., which,
in turn, partially determine a scientific community’s worldview, that is, the phe-
nomenal world in which the community live and operate. According to Kuhn,
then, the worldview of a scientific community shapes the way in which the scien-
tists working within it engage with their research questions and organize their
cognitive practices, thus reverberating in the social and cultural structure of
scientific inquiry. Therefore, if taken seriously from an evolutionary standpoint,
the analogy between scientific communities and niche-constructing populations
emphasizes the active role of scientists’ preferences in modifying the external
environmental pressures operating in the process of scientific development.5 To
further clarify this analogy, and to draw our more general analogy between bi-
ological speciation by genetic divergence and scientific specialization by value
divergence, we need to see what can play the analogue of genetic divergence in
the scientific realm.

If a scientific analogue to niche-construction activities is explicitly provided
by Kuhn, in order to understand what might play the role of genetic diver-
gence in methodology-centered episodes of scientific specialization we need to
do more work. A good place to start is the notion of feedback loop, a notion
that plays a central role in recent explanations of the process behind biological
speciation by genetic divergence (cf. Lehtonen and Kokko 2012). A feedback
loop is a phenomenon in virtue of which the outputs of a certain system at time
t1 become inputs for the same system at time t2. In other words, a feedback
loop occurs when the outcome of a process feeds back into the system. This
is the mechanism that, as an example, niche-construction theorists use to con-

4It should be noted that the precise meaning and ontological status of ‘world’ in Kuhn
and in particular in Kuhn’s niche-construction analogy is a subject of controversy in Kuhn
scholarship. For different takes on the matter, see, for instance, (Hoyningen-Huene, 1993;
Bird, 2000; De Benedetto and Luchetti, Forthcoming).

5This active role of scientists’ epistemic activities in modifying the external environmental
pressures of scientific development is also stressed by Haufe (Haufe, 2022), in his evolution-
ary account of scientific development. Despite a similar reliance on an analogy with niche
construction and genetic divergence theories, our account radically diverges from his in that
our focus is mainly on the role of epistemic values and on the related, crucial feedback-loop
mechanism behind scientists’ niche-constructing activities.
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ceptualize the complex relationship between organisms and their environments.
According to niche-construction theory, as we have seen, while the environ-
ment operates a direct selection on organisms, organisms indirectly contribute
to modifying environmental selective pressures by enacting niche-constructing
behaviors that transform the environment. In this way, then, the output of the
selective pressures that the environment exerts on organisms feeds back into the
environment through the mediating role of the organisms’ niche-constructing be-
haviors. Kuhn explicitly used the idea of feedback loop in the context of his
discussion of the role of epistemic values in scientific theory choice in “Objec-
tivity, Value Judgment, and Theory Choice” (Kuhn, 1977). Even though Kuhn
holds the core set of epistemic values to be relatively fixed across time (cf. also
Kuhn 1983b), in some passages he suggests that, in the process of theory change,
values are affected too. In fact, according to Kuhn, epistemic values should be
considered, to a certain extent, as historically changing entities, since “both the
application of these values and, more obviously, the relative weights attached
to them have varied markedly with time and also with the field of application”
(Kuhn, 1977, p. 335). More precisely, we can identify a pattern of covariance
between values and theories, whereby changes in the application or weight of
values often follow changes in scientific theories. Kuhn qualifies this covariance
as “a feedback loop through which theory change affects the values which led
to that change” (Kuhn, 1977, p. 336). While Kuhn does not further elaborate
on this point, De Benedetto and Luchetti (Forthcoming, MS) have provided a
detailed analysis of the feedback-loop idea in Kuhn’s thought and identified its
foundational role for a dynamic picture of theory choice. Of particular interest
for the purposes of this paper is their focus on how the idea of feedback loop is
the core mechanism underlying the emergence of a certain worldview from the
adoption of a disciplinary matrix (cf. De Benedetto and Luchetti Forthcoming).
More specifically, they identify the following mechanism. First, scientific com-
munities adopt the disciplinary matrices within which they operate, that is, they
directly select them. In turn, these disciplinary matrices, as Kuhn (Kuhn, 1970,
1974) has clearly stated several times, shape the worldviews held by scientists.
This is because adopting a disciplinary matrix requires accepting a lexicon and
a set of values that fundamentally structure the phenomenal experience, beliefs
and practices of a scientific community. In this way, the idea of feedback loop as
the mechanism behind the emergence of a certain scientific community’s world-
view directly connects with Kuhn’s aforementioned niche-construction analogy:
while scientific communities directly select disciplinary matrices, these matrices
indirectly influence scientific communities by shaping and transforming features
of their worldview. It is through this specific feedback-loop dynamic that world-
views, just like biological niches, are co-constructed by scientific communities
and disciplinary matrices.6

We can now better qualify how methodology-centered scientific specializa-

6Note that this analogy between niche-construction and a scientific community’s world-
view construction is different from (yet compatible with) Kuhn’s original niche-construction
analogy, with which we opened this section. For details about the interrelationship between
these two analogies, see (De Benedetto and Luchetti, Forthcoming).

14



tion can be understood as a result of a mechanism analogous to the one that
produces episodes of biological speciation driven by genetic divergence. The
key mechanism to understand this analogy is the niche-constructing activity of
scientific communities reinforced by the positive feedback-loop effect between
a scientific community, its worldview, and its disciplinary matrix. In a way
analogous to how niche-constructing biological populations recreate the environ-
mental factors that influence their reproductive success, scientific communities
stabilize the selective pressures to achieve optimal adaptation of their epistemic
practices, that is, specialization. This stabilization is favored by mechanisms
analogous to the biological domain, in that they promote the isolation of a pop-
ulation. Mating preferences are a core example, since they limit the emergence
of new variants within a population and optimize the directionality of selective
pressures towards certain adaptive traits. In the case of a scientific community,
the relative isolation of a community contributes to the refinement, for instance,
of certain lexical and taxonomic choices so as to improve their capacity to solve
certain problems. In this respect, Kuhn rightly identified the isolation of a scien-
tific community as the most important factor to promote its ability to specialize.
Yet, as we stressed in Section 3, Kuhn’s identification of taxonomic divergence
as the only mechanism underlying isolation is too narrow, and his emphasis on
geographic isolation, essential to the theory of speciation of the Modern Synthe-
sis, has been challenged by supporters of the Extended Evolutionary Synthesis,
as we saw in Section 4. First of all, the restriction of the reproductive pool as a
mechanism promoting isolation does not only aim at preventing the introduc-
tion of lexical or taxonomic variants. The preferences of a scientific subgroup
that restrict the emergence of variants can indeed refer to a variety of items
involved in the epistemic activities of a scientific community, including method-
ologies, material practices, and most importantly for us, values. In this sense,
a scientific community has several ways to actively isolate itself from intellec-
tual influences that may disrupt their directional development towards optimal
adaptation and the advantage gained through the cumulative adaptations from
previous generations. This cumulative gain is what results from the feedback-
loop dynamic that we see at work in niche-constructing biological populations
and, analogously, in scientific communities regarded as epistemic niches.

In this feedback-loop dynamic, epistemic values play a crucial role, a role
analogous to niche-constructing behaviors in biological speciation, as the main
drivers of methodology-centered branchings of scientific disciplines. Method-
ology branchings start with the emergence of some methodological variation
within a scientific community. Such variation produces differences in the dis-
ciplinary matrix of a specific subgroup of the scientific community. This sub-
group, operating within a different disciplinary matrix, might weigh and apply
epistemic values in a different way than their original group, given the close
association between epistemic values and scientific methodologies. These dif-
ferent weightings and application of epistemic values may, in turn, impact the
worldview of the subgroup, which might start diverging from the original world-
view of the scientific community. Since the worldview shapes the practice of a
scientific community, a subgroup with a different worldview might modify cer-
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tain methodological, ontological, and theoretical components of the subgroup’s
disciplinary matrix. Such a loop, depicted in Figure 4, increase overtime the
methodological divergence between the subgroup and the original group, up to
the point of a proper event of scientific specialization, as depicted in Figure 5.
This is the answer to our question on the role of values in methodology-centered
specialization (cf. Sec. 2): values are crucial drivers of the positive feedback-loop
dynamic between a scientific community, its worldview, and its disciplinary ma-
trix behind methodology-centered episodes of scientific specialization.

Figure 4: The progressive adoption of a different disciplinary matrix, including
a set of epistemic values with different interpretation and or weightings than
in the original matrix, by the emerging scientific subcommunity B leads to the
modification of their scientific worldview and, in turn, to diverging selective
pressures compared to those affecting the community of origin.

Figure 5: A graphic representation of a methodology-driven episode of scientific
specialization resulting from the process of value divergence.

To emphasize the role of values in this feedback-loop process of scientific
niche construction, we will briefly reconsider a case discussed as an episode of
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methodology-centered scientific specialization in Section 3, i.e., the emergence
of molecular biology.

Molecular biology developed as an autonomous discipline in the 1930s and
40s to become institutionalized in the two subsequent decades. Historical ac-
counts characterize the emergence of molecular biology – sometimes regarded
as a full-blown scientific revolution – as rooted in the effort to answer questions
on the nature of inheritance and the structure of the gene that classical genetics
had left unanswered.7 This effort required contributions from several disciplines,
including chemistry, crystallography, information theory, and mathematics. As
Politi (2018) highlights, rather than a mere migration of scientists from their
original research fields, the emergence of molecular biology required the devel-
opment of a new paradigm, or a new disciplinary matrix, to follow our choice
of Kuhnian language. Scientists coming from different disciplines progressively
developed novel experimental techniques, tools, and concepts in order to fo-
cus on a specific set of unanswered problems. Such a situation is analogous,
in our extended Kuhnian speciation analogy, to the situation in which a vari-
ant subgroup of a biological population starts to exploit previously unexploited
resources thanks to new phenotypic traits. Most importantly, the problems
tackled by these scientists did not require major innovations with respect to the
language used by classical geneticists, but instead radically novel methodologi-
cal approaches, thus qualifying the emergence of molecular biology as a case of
specialization centered around methodological incommensurability.

To better support the analogy with biological speciation, we must emphasize
that a process of divergence from genetics of the soon-to-be molecular biology
community occurred before the institutionalization of molecular biology as a
discipline. Specifically, the key role in this pre-institutionalized divergence pro-
cess is played by the novel experimental methods of molecular biology. These
methods were, in fact, thought to be more effective than those of classical genet-
ics to pursue questions on heredity that were still unanswered and, crucially for
us, new questions concerning the molecular structure of the gene. These novel
experimental methods were furthermore central to the slowly emerging new dis-
ciplinary matrix of molecular biology. Such a matrix included, among other
components, certain epistemic values (as well as their application and weight-
ing). A paradigmatic example of these values is what Kuhn (Kuhn, 1977) called
breadth of scope, a value that arguably played a crucial role in the consolida-
tion of molecular biology as an independent discipline. In order to see how the
emphasis on the breadth of scope as an epistemic value is constitutive of the dis-
ciplinary matrix of molecular biology, it helps to look at the case of the Central
Dogma of molecular biology. The Central Dogma states that genetic informa-
tion flows only in one direction, from DNA, to RNA, and then to proteins, or,
from RNA directly to proteins. While the commitment to this piece of theory
has proved to be an astonishingly effective driver for the growth of molecular
biology, its empirical adequacy has been contested (cf. Koestler and Smythies

7For historical accounts of the emergence of molecular biology, see (Fischer and Lipson
1988, Olby 1990, 1994, Judson 1996, Rheinberger 1997, Morange 1998, de Chadarevian 2002,
Witkowski 2005, van Holde and Zlatanova 2018).
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1969; Keyes 1999; Stotz 2006; Griffiths and Stotz 2013; Camacho 2019). In this
way, the commitment to the Central Dogma warranted a broad explanatory
scope to the framework of molecular biology, in spite of sacrificing some empiri-
cal adequacy. The importance of the broad explanatory role attributed to linear
causal mechanisms, illustrated by the Central Dogma, became a hallmark that
distinguished molecular biology and further contributed to carving its distinc-
tive identity within the life sciences in the 1950s and 60s (Keller 1990). In this
way, we can see an instantiation of our value-driven feedback-loop mechanism
between a scientific community, its worldview, and its disciplinary matrix. First,
a scientific subcommunity starts using a different methodology (i.e., the novel
experimental methods of molecular biology). Then, these different methods de-
termined a different weighting of epistemic values (i.e., the increasing focus on
breadth of scope of molecular biologists). These different weighting of epistemic
values shaped, in turn, the different worldview of the emerging subcommunity
(i.e., the community of molecular biologists). Over time, this feedback-loop dy-
namic produces a progressive isolation of the “variant” scientific subgroup from
the scientific community of origin. This is because the progressive isolation
of the diverging subcommunity leads it to further reduce exchanges with the
original community, thus corroborating the methodological difference between
the two communities. This feedback-loop mechanism can eventually lead to
a branching episode in science, such as the present case of the emergence of
molecular biology, mostly driven by methodological differences.

6 Conclusion

Let us recap the main steps of this work. We started by analyzing Kuhn’s
original formulation of the so-called speciation analogy, i.e., the analogy be-
tween biological speciation and scientific specialization, stressing Kuhn’s heavily
language-centered understanding of this analogy. Then, we discussed the lim-
its of such a language-centered understanding of scientific specialization (and,
consequently, of the speciation analogy), by recalling how philosophy and his-
tory of science discuss episodes of scientific specialization that are not centered
around lexical differences, but rather around methodological differences. Thus,
we set ourselves the task of extending Kuhn’s speciation analogy to model also
these methodology-centered episodes of specialization. In order to do that, we
drew inspiration from recent findings of evolutionary biology on the phenomenon
of speciation by genetic divergence, i.e., a subclass of speciation events where
biological populations undergo speciation in the absence of physical barriers.
In analogy with speciation by genetic divergence, we proposed to understand
methodology-centered episodes of scientific specialization as cases of special-
ization by value divergence. We then showed an application of our proposed
model of specialization by value divergence by reconstructing the emergence of
molecular biology as driven by value divergence.

Taking stock, we can see now how, in the light of recent evolutonary biology,
Kuhn’s speciation analogy can be extended beyond Kuhn’s linguistic focus to
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account for the diverse mechanisms at work in different episodes of scientific
specialization. Moreover, our model of scientific specialization by value diver-
gence demonstrates once again the ubiquity of epistemic values in science and
the significance of the feedback-loop mechanisms involving them.
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