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A B S T R A C T   

The objective of this paper is twofold. First, I present a framework called historical coherentism (Chang, 2004; 
Tal, 2016; Van fraassen 2008) and argue that it is the best epistemological framework available to tackle the 
problem of coordination, an epistemic conundrum that arises with every attempt to provide empirical content to 
scientific theories, models or statements. Second, I argue that the problem of coordination, which has so far been 
theorized only in the context of measurement practices (Reichenbach, 1927; Chang, 2001; Tal, 2012; Van 
fraassen 2008), can be generalized beyond the philosophy of measurement. Specifically, it will be shown that the 
problem is embodied in classificatory practices and that, consequently, historical coherentism is well suited to 
analyze these practices as well as metrological ones. As a case study, I look at a contemporary debate in phy-
logenetics, regarding the evolutionary origin of a newly identified archaeal phylum called Methanona-
tronarchaeia. Exploring this debate through the lens of historical coherentism provides a detailed understanding 
of the dynamics of the field and a foothold for critical analyses of the standard rationale used by practitioners.   

1. Introduction 

The objective of this paper is twofold. First, I present historical 
coherentism and argue that it is the best epistemological framework 
available to tackle the problem of coordination, an epistemic conun-
drum that arises with every attempt to provide empirical content to 
scientific theories, models or statements. Second, I argue that the 
problem of coordination, which has so far been theorized only in the 
context of measurement practices (Reichenbach, 1927; Chang, 2001; 
Tal, 2012; van Fraassen, 2008), can be generalized beyond the philos-
ophy of measurement. Specifically, it will be shown that the problem is 
embodied in classificatory practices and that, consequently, historical 
coherentism is well suited to analyze these practices as well as metro-
logical ones. 

In short, coordination is the process by which theories, models or 
statements can be provided with empirical content. It involves linking 
these symbolic elements of knowledge-related endeavors with aspects of 
phenomena through the establishment of observational procedures. 
There is a problem with coordination in the sense that providing 
empirical content to theories always requires accepting a priori some 
assumptions that are constitutive of the theories we are trying to provide 

empirical content to. According to past approaches to this problem (e.g. 
conventionalism), it entails that empirical justification is circular. This 
diagnostic, however, is artefactual: it results from adopting an ahistor-
ical perspective on empirical justification (van Fraassen, 2008). 

Historical coherentism, in contrast, takes into account the sociohis-
torical dimension of scientific practice and justification, thereby turning 
the circle into a helix (see Fig. 1 in section 2.2). This sociohistorically 
inclined approach to epistemology holds that empirical justification is at 
the heart of scientific endeavors, but that empirical input is never suf-
ficient to explain theory, model or statement acceptance or rejection. 
Historical coherentism does not solve the problem of coordination. It 
offers an epistemological framework to deal with the inevitable conse-
quences of the said problem. It should be noted that I use the expression 
historical coherentism to refer to a heterogeneous body of work in 
philosophy of measurement that all share the core belief that episte-
mology must take into account sociohistorical factors when analyzing 
scientific endeavors, and that this follows from the problem of 
coordination. 

The paper is divided in two parts, meant to address the two main 
objectives of the paper. First, I argue that historical coherentism is a 
useful framework to analyze any epistemic endeavors that must deal 
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with the problem of coordination (i.e., any empirically driven field of 
knowledge). After having presented the problem in more details, section 
2.1 explores the historical background that motivated the formulation of 
historical coherentism. In section 2.2, I describe the main conceptual 
tools I extracted from the work of Chang and van Fraassen. I will also 
suggest adding the notion of amalgam to the lot. In section 2.3, I clarify 
historical coherentism’s relationship to objectivity and scientific 
progress. 

In section 3.1, I generalize the problem of coordination, providing 
three new formulations (one to highlight its full reach and two to adapt 
it to classificatory practices). In section 3.2, I take the example of phy-
logenetics, a discipline part of evolutionary biology that aims at recon-
structing the genealogical relationships between all living organisms, to 
illustrate how the problem of coordination is embodied in classificatory 
practices. In section 3.3, I analyze a recent debate in phylogenetics, 
regarding the evolutionary origin of a newly identified archaeal phylum. 
This analysis strengthens my argument according to which the problem 
of coordination can be generalized beyond measurement practices, but it 
also illustrates the explanatory power of historical coherentism, a 
toolbox for analyzing scientific practices while acknowledging the full 
complexity of empirical justification. 

2. The problem of coordination and historical coherentism 

Until now, the problem of coordination has been theorized as being 
related to metrological practices (Chang, 2001; Tal, 2012; van Fraassen, 
2008). 1 In that context, it has been shown that any attempt to confirm a 
theory, model or statement through empirical observation (i.e. to co-
ordinate it with empirical phenomena) requires assuming some parts of 
the theory. This whole conundrum has been synthesized by Chang as a 
four-steps process. 

“(1) We want to measure quantity X. 
(2) Quantity X is not directly observable by unaided human 

perception so we infer it from another quantity Y, which is 
directly observable. 

(3) For this inference we need a law that expresses X as a function of 
Y, X = f (Y). 

(4) The form of this function f cannot be discovered or tested 
empirically, because that would involve knowing the values of 
both Y and X, and X is the unknown variable that we are trying to 
measure.” (Chang, 2001, p.251). 

It is a crucial situation for epistemology to address the problem of 
coordination since without coordination, any theoretical statement re-
mains a piece of pure abstraction. Indeed, as van Fraassen puts it: “The 
theory would remain a piece of pure mathematics, and not an empirical 
theory at all, if its terms were not linked to measurement procedures.” 
(van Fraassen, 2008, 115). Accounting for the ways in which scientific 
(read empirical) knowledge arises despite this apparent circularity 
should therefore be a priority for empirically minded approaches to 
epistemology and philosophy of science. 

To illustrate the problem, consider the measurement of time. Time is 
a quantity that is not directly accessible to human perception (in any 
precise way). We can infer a length of time from the more direct 
observation of the periods of a clock (e.g., the Earth’s rotation or the 
swing of a pendulum). The problem, in this situation, is that the estab-
lishment of the reliability of a clock involves assuming a specific rela-
tionship between time and the phenomenon that is to be used as a clock, 
namely that each period lasts the same amount of time. However, a 
clock, which is a physical phenomenon, cannot be shown to be tempo-
rally regular; to do so would require observing simultaneously two of its 
periods, a feat that is impossible. Hence, we must assume that the same 

periodic process always involves the same amount of time in order to 
have useable measurement procedures, which enable us to provide 
empirical content to various physical theories, models and statements. 
Reichenbach, nearly a hundred years ago, stressed the importance of this 
situation: 

“Why is this determination impossible? Do not the laws of physics, 
for instance those of the motion of a pendulum, compel us to believe in 
the equality of the periods? It is true that the laws as described in 
textbooks suggest this belief; but if we ask ourselves where these laws 
come from, we shall find that they are obtained through observations of 
clocks calibrated according to the principle of the equality of their pe-
riods. The proof is therefore circular.” (Reichenbach, 1927, p. 116). 

The problem of coordination, in other words, is embodied when 
measurement procedures are being established and used to provide 
empirical content to theories, as these procedures necessitate a theo-
retical background that is part of what is to be empirically grounded. 
Before generalizing the problem of coordination beyond measurement 
practice (section 3.1), I will explore the body of literature that surrounds 
it in the philosophy of measurement. In section 2.1, I explore the main 
philosophical approaches of the 20th century that dealt with this 
conundrum. In section 2.2, I present historical coherentism. 

2.1. The philosophical background of historical coherentism: 
conventionalism and constructivism 

The framework I call historical coherentism was weaved to answer 
the weaknesses and echo the strengths of conventionalism (a form of 
foundationalism) as well as past versions of coherentism (e.g. 
constructivism, naively read). In this section, I review these approaches2 

and their relationship to the problem of coordination, to identify the 
core desiderata that guide historical coherentism. My analysis is based 
on work by Chang, van Fraassen and Tal. 

Although in somewhat different terms, the problem of coordination 
was first theorized at the turn of the 20th century by authors such as 
Mach, Poincaré, Einstein and Reichenbach. Following the others’s, 
Reichenbach’s approach, called conventionalism, recognizes that the 
problem of coordination leads to conventions playing a significant part 
in the establishment of observational procedures. Indeed, the choice 
between two procedures (e.g. choice between mercury and air ther-
mometers; Chang, 2004) is underdetermined by the theoretical dimen-
sion of the procedures and phenomena (which we can only access 
through theory-laden observational procedures). Given this under-
determination, there is always some leeway in the choice of a procedure, 
says Reichenbach, and acceptance of a given procedure always involves 
circularity, as expounded above. 

This suggests that empirical knowledge rests on circular demon-
strations of the validity of observational procedures, a circularity that is 
epistemically threatening according to some, including Reichenbach. 
When faced with this consequence of the problem of coordination, one 
way to react is to try and salvage the absoluteness of empirical knowl-
edge by rejecting or boxing the menacing circularity. Reichenbach’s 
conventionalism boxes circularity: while choice of procedures does 
entail circularity, that is not what empirical knowledge rests on. The 
relationship between knowledge and phenomena is mediated by defi-
nitional principles or, more colloquially, by the possibility for epistemic 
agents to establish definitions with allegedly straightforward relation-
ships to phenomena. Because such definitions are semantic moves 
grounded in phenomena and because, according to Reichenbach, the 

1 Chang calls it the problem of nomic measurement. 

2 There is another important approach to the philosophy of measurement, 
namely, the Representational Theory of Measurement (Diez, 1997; Suppes 
et al., 1989). I do not discuss it here because it avoids exploring the practical 
aspects of measurement that make it possible to coordinate theory and phe-
nomena (Mari, 2000, 2005). In other words, it neglects the problem of 
coordination. 
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semantic world lies outside the realm of knowledge, knowledge can be 
founded on something that is external to it: the semantic-phenomena 
relationship. In this light, it becomes clear that conventionalism is a 
central element of a broader foundationalist epistemology (Chang, 
2007). According to that view, the absolute validity of empirical 
knowledge is salvaged despite the inevitability of epistemic complica-
tions resulting from coordination: 

“A solution [to the problem of establishing the equal lengths of the 
periods of a clock] is obtained only when we […] introduce the concept 
of a coordinative definition into the measure of time. The equality of 
successive time intervals is not a matter of knowledge but a matter of 
definition. As for spatial congruence, a certain rule must be laid down 
before the comparison of magnitudes is defined. This determination can 
again be made only by reference to a physical phenomenon; a physical 
process, such as the rotation of the earth, is taken as a measure of uni-
formity by definition. All definitions are equally admissible.” (Reich-
enbach, 1927, pp. 116–117). 

As numerous critiques have since then highlighted, this “solution” 
amounts to ignoring the problem instead of solving it or answering it in a 
meaningful way, if only because the establishment of semantic norms is 
just as underdetermined as the establishment of observational proced-
ures leading to empirical knowledge (Quine, 1961). 

More epistemologically significant to contemporary readers, how-
ever, is the fact that the conventionalist answer to the problem of co-
ordination is completely ahistorical. As such, it translates a trend 
observed in foundationalist approaches more broadly. It underestimates 
the sociohistorical dimension of knowledge construction. Reichenbach 
suggests that a definitional core can be provided to empirical endeavors 
ex nihilo, through coordinative definitions, despite evoking (somewhat 
covertly; Reichenbach, 1927, as already cited above) the diachronic 
dimension of scientific practices. But this definitional core, crucial to 
Reichenbach’s account, is also the result of past epistemic practices. 
Hence it fails to serve as an absolute foundation: the circularity is not 
adequately confined to the establishment of procedures by Reichenbach. 
As van Fraassen stresses, the theory-observation back-and-forth inherent 
to coordination has a deeper diachronic dimension neglected by 
Reichenbach: 

“At the same time he means to be still actively inquiring into the 
empirical conditions under which such definitions can play the requisite 
role. What he did not do is change the ahistorical setting of his problem: 
the coordination is still apparently to be conceived of as possible in the 
absence of any previous such coordination. But is that possible at all? We 
have to ask more or less the same question again as before: how can such 
coordinative definitions be meaningfully introduced except in a histor-
ical context where there are some prior coordinations already in place? I 
submit that they cannot.” (van Fraassen, 2008, 121). 

Two ideas are inherent to van Fraassen’s analysis of Reichenbach. 
First, even if a historical ground zero could be found, amounting to 
something like “the first coordination between a theoretical quantity 
and an aspect of a phenomenon”, that ground zero would be so far back 
in time as to be irrelevant to our understanding of current epistemic 
practices. Second, such a moment might not be identifiable. It follows 
from this that ahistorical approaches to how theories gain their empir-
ical content are misleading; empirical grounding is a phenomenon 
without absolute foundations in which the sociohistorical context al-
ways plays a crucial role. 

This gives us a first philosophical breakthrough upon which histor-
ical coherentism was built: if sociohistorical factors influence scientific 
practice, then empirical inputs are only a part of all the factors that 
determine theory, model, or statement acceptance. The aim of episte-
mology is therefore to understand how all these factors give rise to an 
epistemic system with some degree of internal coherence, that involves 
the various dimensions of scientific practice and the context in which 
they take place. Again, van Fraassen’s phrasing is eloquent: 

“To be sure, this requirement of coherence is not simply one for 
logical consistency. Whether a sort of mechanism can be used to define 
the family of standard clocks depends on empirical regularities that may 
or may not obtain. The central coherence condition on the family of 
standard clocks, recall, was that if two are in coincidence, they run at the 
same rate, they run in synchrony. That is a matter of empirical fact. But if 
two sorts of mechanism satisfy this condition, there is no matter of fact 
as to which runs evenly, and a choice or convention alone can decide on 
one of them.” (van Fraassen, 2008, 136). 

This sets the stage for historical coherentism, which is rooted in the 
realization that empirical data is never sufficient to understand the 
scientific practices that surround a phenomenon. The phrase “is never 
sufficient” must be understood as implying that empirical data is often 
(but not always) part of the factors determining scientific work; it 
warrants empiricism but precludes naive empiricism. 

Yet historical coherentism must avoid difficulties other than the so-
ciohistorical blind spots of conventionalism, those highlighted by clas-
sical critiques of past forms of coherentism (Bender 1989; BonJour, 
2017). For example, according to critiques of constructivism (who tend 
to make a strawman out of it), this approach denies the empirical world 
any influence on scientific practices, which could then be conceived as 
an entirely social practice (which it is) free of any contact to phenomena 
(which it is not). This view of constructivism is a misconception (Latour, 
2003). As Chang aptly puts it: “Fixed points can be artificially created in 
the same way seedless watermelons can be created; these things cannot 
be made if nature will not allow them, but nonetheless they are our 
creations” (Chang, 2004, p. 49). This comparison highlights that when 
knowledge is built (e.g. the establishment of fixed points in thermom-
etry), it is the result of complex interactions between the epistemic 
community and what Chang calls “nature” (which I would rather refer to 
as “phenomena”). 

Behind this misinformed critique of constructivism lies a serious 
worry for any form of coherentism. While it is important to understand 
the sociohistorical context that allows coordination and determines its 
modalities, it is also important, for scientists and philosophers studying 
scientific practice, to be able to understand scientific progress. An 
approach to epistemology that would be overly concerned with the in-
ternal dynamics of a scientific community could miss an important 
driver of scientific progress (however defined), namely, empirical 
support. 

Tal illustrates this worry perfectly by discussing the difference of 
stability between two types of clocks. In both cases, modeling practices 
realized by a scientific community can dismiss the discrepancies be-
tween individual clocks of a given type. However, between corrections, 
one type of clock may remain much more stable than the other, such that 
its use can be considered as progress: 

To illustrate this point, imagine that metrologists decided to keep the 
same algorithm they currently use for calculating UTC [Coordinated 
Universal Time], but implemented it on the human pulse as a standard 
clock instead of the atomic standard. As different humans have different 
pulse rates depending on the person and circumstances, the time dif-
ference between these organic standards would grow rapidly from the 
time of their latest correction. Institutionally imposed adjustments 
would only be able to bring universal time into agreement for a short 
while before discrepancies among different pulse-clocks exploded once 
more. The same algorithm that produces UTC would be able to minimize 
adjustments to a few hours per month at best, instead of a few nano-
seconds when implemented with atomic standards (Tal, 2016, p. 317). 

The sociohistorical dimension of science, while necessary to under-
stand justificatory practices, is insufficient if it leads to neglecting how 
epistemic communities interact with phenomena. Consequently, epis-
temological analysis must take into account the complex interactions 
between and within research communities, their sociohistorical setting, 
and their target phenomena to understand how scientific practice changes 
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across time. 
This leaves us with two intertwined desiderata around which his-

torical coherentism was weaved: first, epistemology and philosophy of 
sciences must take into account the sociohistorical dimension of 
knowledge construction; second, it must acknowledge that the contact 
between a community and phenomena plays an important role in sci-
entific justification. 

2.2. Historical coherentism: the framework 

I use the expression historical coherentism3 to refer to a heteroge-
neous literature developed in the philosophy of measurement. Although 
differing in many ways, the approaches of van Fraassen (1980, 2008), 
Chang (2004; 2007), Morrison (2009; see also Morrison & Morgan, 
1999), Tal (2012; 2016), among others, hold that scientific justification 
is a sociohistorical process shaped by many factors. All these authors 
agree that the problem of coordination is an unescapable conundrum 
which explains the impossibility to rely on empirical grounding naively 
to understand the dynamics of science. The aim is not to solve the 
problem, but to take into account its consequences. 

Synthesising what I consider to be the strongest contributions of all 
these authors, I suggest that historical coherentism is an approach to 
epistemology that aims at understanding how epistemic endeavors can 
lead to empirical knowledge, despite the important challenges of coor-
dination. It also aims at understanding how and why these scientific 
practices change across time. In what follows, I explore what I take to be 
core conceptual tools of historical coherentism: Chang’s notion of 
epistemic iteration, van Fraassen’s synoptic vision, the focus on models 
advocated by various authors and my contribution, the notion of 
amalgam. 

The heart of Chang’s contribution to historical coherentism is the 
notion of epistemic iteration, around which other notions are knitted: 

“Epistemic iteration is a process in which successive stages of 
knowledge, each building on the preceding one, are created in order to 
enhance the achievement of certain epistemic goals.…In each step, the 
later stage is based on the earlier stage, but cannot be deduced from it in 
any straightforward sense. Each link is based on the principle of respect 
and the imperative of progress, and the whole chain exhibits innovative 
progress within a continuous tradition.” (Chang, 2004, p. 226; see also p. 
45–48). 

This provides a central model for representing scientific dynamics, 
the helix (see Fig. 1), where stages of knowledge are conceived as suc-
cessive iterations of scientific practices. Whereas foundationalism sug-

gests justification is circular, the helix model adds a temporal dimension. 
Instead of going in circles, we progress, but each successive iteration 
(each “circle”) is similar to the previous one. The stability is illustrated 
by the link between every “circle” that makes it a helix instead of series 
of independent iterations. This model is meant to be heuristic. It over-
simplifies the dynamics of scientific practice to emphasize that progress 
is achieved, but only by relying on past iterations. Understanding sci-
entific practices thus amounts to understanding 1- what goes on in a 
specific iteration or stage of knowledge and 2- what changes from one 
iteration to the next as well as what remains stable and 3- what explains 
change and stability. 

Stages of knowledge are not defined by Chang. He uses the term 
loosely to refer to any set of scientific practices that can be pragmatically 
identified to sustain informative analysis. Stages of knowledge can refer 
to general approaches to a given field of inquiry (e.g. Tree-thinking in 
evolutionary biology; O’Hara, 1997) or they can be more localized (e.g. 
a specific phylogenetic reconstruction realized by a group of 
researchers). 

The dynamics underscored by the helix model result from, among 
other things, two vectors pressuring research in a sometimes-conflicting 
manner: the principle of respect and the imperative of progress. The 
principle of respect (Chang, 2004, pp. 43–44 and 256) is the idea that 
scientific practices must necessarily draw from previous iterations, from 
which they acquire, among other things, legitimacy. This principle 
makes sciences more or less conservative, depending on the weight of 
the principle of respect. The imperative of progress (Chang, 2004, pp. 
44–46) is the engine for change, the injunction for scientists to do 
“better” than what has been done in the past. What is considered an 
improvement is highly context dependent. The perennial influence of 
both vectors implies that epistemic iterations follow one another, differ 
sometimes slightly and sometimes more drastically, but always rely on 
past iterations for structuring their justifications and for overcoming the 
challenges of coordination. In other words, the interaction between the 
two principles forms the backbone of the helix, of historical coherent-
ism’s outlook on scientific practice: “Each link [between iterations] is 
based on the principle of respect and the imperative of progress, and the 
whole chain exhibits innovative progress within a continuous tradition.” 
(Chang, 2004, p. 46). 

Once we accept the helix model as an abstract representation of the 
dynamics of scientific justification, the following questions can be 
answered to flesh accounts of specific sets of practices: what makes 
scientists hold some things to be improvements, while they respect 
certain aspects of past iterations so profoundly that they refuse to 
question them? Was new data mobilized and, if so, how was it gener-
ated? How were new ideas embedded in new iterations, how do they 
relate to older ideas and where do they come from? Etc. Answering these 
questions (and others) ultimately calls for more interdisciplinarity in 
scientific studies: historical, sociological, anthropological, and philo-
sophical analyses will have to be brought together to understand the 
variety of factors that shape a specific helix. 

Chang’s approach can be complemented by van Fraassen’s. Among 
the numerous and insightful contributions of van Fraassen in the context 
of the philosophy of measurement, one especially important for histor-
ical coherentism is the synoptic vision. Van Fraassen argues that epis-
temological approaches to scientific endeavors should fuse two 
perspectives on the object of inquiry: from within and from above (see 
van van Fraassen, 2008, p. 139). The first one refers to the importance of 
exploring the development of scientific practices from within its socio-
historical trajectory, as Chang does in his work. Looking at a series of 
iterations, we can thereby observe how the problem of coordination is 
being dealt with by practitioners, we can track gradual change and the 
factors that lead to these changes. 

Fig. 1. This figure illustrates two distinct representations of scientific justifi-
catory processes. In 1.a, scientific justification is conceived as a circular process. 
This is the kind of representation that Reichenbach, for example, offers as he 
abstracts away the temporal dimension of scientific practices. 1.b, illustrates the 
same back-and-forth process between theory and observations that is repre-
sented as a circle in 1.a, but the process now has a temporal dimension, which 
stretches the successive iterations into a helix. The arrows represent the variety 
of factors that influence scientific justification. 

3 I coined the expression, but I was strongly influenced by the one Chang uses 
to refer to his own approach, i.e. progressive coherentism. I use a different 
expression to stress that I refer to a broader literature. 
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Van Fraassen, however, insists on the need to cross this perspective 
with the one from above, which is the perspective that assumes the 
validity of a standardized theory’s description of phenomena, avoiding 
any reference to the theory’s own historical trajectory. In this ahistorical 
perspective, the validity of observational procedures is taken for gran-
ted, and so is the empirical support for the theory. This focuses our 
attention on the internal workings of a theory, on its logic, whose 
justificatory structure might very well be the target of epistemological 
analysis. This perspective, if taken alone, is problematic as it neglects the 
sociohistorical process at work which explains how and why a theory 
has changed and stabilized. Yet combining this perspective with the one 
from within the historical process provides insights into the justificatory 
structure of scientific endeavors, and their transformation across time. 

For example, the synoptic vision can help us identify what I call 
amalgams. These are grouping of ideas that seem to be necessarily tied 
together to the point of being presented as a conceptual unit, even 
though they are historically and logically independent from one 
another. They can only be identified by joining two different perspec-
tives together: the one from above, where the two ideas are fused 
together, and the one from within the historical process, where their 
potential independence is observed. If only the perspective from above is 
considered, there would be no reason to analyze the composite or even 
to describe it as such. If only the perspective from within is considered, 
the two ideas would simply be described as independent, thereby 
neglecting the intimacy of their contemporary interaction. 

Such amalgams can be found everywhere and are extremely useful to 
scientific practice. For instance, the biological species concept is an 
amalgam. It refers to a community of descent (or a group of organisms in 
which there is or could be genetic flow), thereby implicitly tying a 
genealogical criterion to a taxonomic unit (Mayr, 1969). Historically 
and logically, however, it has been and could be otherwise (Zachos, 
2016). Species can be defined based on ecological grounds, for example 
(Novick & Doolittle, 2021). The existence of amalgams implies that 
some of the conceptual associations that are required to infer interesting 
things about phenomena can be taken for granted without disrupting the 
whole scientific process. Indeed, if every association between ideas had 
to be dissected every time inferences were being realized, scientific 
endeavors would be much more tedious than what we observe in 
practice, to the point of inefficacy. Nonetheless, the identification of 
these amalgams is useful from an epistemological perspective, and that 
for at least two reasons: first, to describe scientific practices accurately; 
second, to identify potential levers for critical analysis. 

Despite the fertility of the synoptic vision, van Fraassen’s approach 
to the philosophy of measurement fits only partially what I want to make 
of historical coherentism. Specifically, his rationale is embedded in his 
interpretation of the semantic approach to scientific theories. According 
to it, models are parts of theories that are coordinated with phenomena. 
We have models on one side, phenomena on the other, and the two are to 
be coordinated through observational procedures. Hence, while van 
Fraassen stresses the theory-ladenness of observation, he still sees 
models as being distinct from the observation procedures themselves. 

Coordinative procedures, however, involve models in a much more 
intimate manner than van Fraassen suggests. A measuring instrument, 
for example, is useless until the quantities it indicates are embedded in a 
model that provides symbolic meaning to the material dimension of the 
procedure. The process of coordination is the interpretation of physical 
phenomena through the lens of a model, a process that leads to mea-
surement outcomes. Therefore, coordination cannot be used to establish 
the isomorphism of models and phenomena. 

Consequently, it is best to keep away from the semantic interpreta-
tion of scientific theory. Following Tal (2016) and Mari (Mari & Gior-
dani, 2012), I suggest banking on the pivotal role of models in 
coordination and weaving historical-coherentist analyses around them. 
Chang’s epistemic iterations can be conceived as epistemic iterations of 
models, broadly construed.4 Historical coherentism is meant to tackle 
how and why these models change across time (or why they do not), 
how different iterations are related to each other, how the use of a model 
is being justified, and how models are used to provide empirical content 
to broader theories, or specific statements. All of this is done by taking 
into account the sociohistorical dimension of scientific justification, a 
perspective that is necessary given the problem of coordination. 

2.3. Historical coherentism, objectivity and scientific progress 

In a 2019 paper, Isaac formulates a critique of Chang’s, Tal’s and van 
Fraassen’s approaches to what he calls epistemic loops (the problem of 
coordination). His view is based on the notion of measurement success, 
which is used to uphold a form of realism regarding fixed points in 
metrology (such as the boiling point of water). Analyzing and rebutting 
his approach is beyond the scope of this paper, but one of his critiques of 
historical coherentism is important for the purpose of the present 
argument, because similar critiques are often aimed at various forms of 
coherentism. 

That critique is centered on objectivity: “This coherentism in turn 
undermines measurement realism, the view that outcomes of successful 
measurement practices veridically represent objective (i.e., interest- 
independent) features of the world” (Isaac, 2019, p. 930; italics from 
the original). The use of the term “objective” is ambiguous. Indeed, the 
word is polysemous, with a family of meanings referring to methodo-
logical aspects of epistemic endeavors and others being ontologically 
driven (Lloyd, 1995). Here, the term “objective” is tied to “features of 
the world” and should therefore be understood ontologically. Yet the 
specification “interest-independent” is usually used to refer to a meth-
odological imperative (that research be done free of the interests of re-
searchers) or, in some cases, to the results of research upholding this 
methodological imperative. It can be argued that objective (in the sense 
of interest-independent) research leads to “veridical representation” of 
objective (e.g. existing independently of us) features of the world, but 
still the two notions should be clearly distinguished. 

By conflating the two notions, Isaac’s phrasing depicts historical 
coherentism as an approach that fails to account for objective knowl-
edge altogether. This is misleading. It is true that the approach I defend 
in this paper dismisses the possibility of having knowledge about how 
things are, independently of us. According to me (some researchers tied 
to historical coherentism might disagree), the problem of coordination 
entails that we can only know about features of the world as they stand 
in relation to us. Having a God’s eye view being impossible, scientific 
knowledge can only result from the complex processes of coordination 
between phenomena and theory. Rejecting ontological objectivity as an 
ideal is nonetheless coherent with the possibility of developing objective 
knowledge, where objectivity refers to methodological ideals. Historical 
coherentism and the gravitational pull of the problem of coordination 

4 Following Tal (2012), who himself follows Morrison (2009) and Cartwright 
(1999), I take models to be abstract representations of phenomena helpful for 
explanation and prediction regarding the concerned phenomena. Models are 
built upon various assumptions, which are acquired from overarching theories, 
from previous treatment of data or from (sometimes ad hoc) beliefs about 
phenomena. Models are produced by drawing on theories but are independent 
from them, to a certain extent (a model can be refuted without this having a 
major impact on theory acceptance, and vice versa). 
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require a notion of objectivity that rejects the “pure detachment” 
meaning of objectivity.5 

Tal, for example, suggests that a statement communicates objective 
knowledge if the concerned community can be confident that it informs 
us about the object under inquiry: 

“Prior to their representation by an idealized model, there is no way 
of testing whether different instruments measure the same quantity; any 
agreement or disagreement among their indications may be construed as 
coincidental and attributed to some local feature of the instruments or 
environments. It is only once their idiosyncrasies are idealized away in a 
mutually coherent fashion that instruments can be viewed as sources of 
objective knowledge about a common quantity, such as temperature or 
frequency.” (Tal, 2017, p. 14). 

Objectivity is obtained when the criteria of a community settle the 
validity of a knowledge statement. In this example, it means that they 
exclude the possibility that idiosyncrasies determine measurement 
outcomes. The strongest claim allowed by the problem of coordination is 
that objective knowledge is empirically supported knowledge that arises 
from standardized procedures, where standardization involves accep-
tance by the relevant community.6 Objectivity is in this sense a meth-
odological (or epistemological) notion but it is free from the ideal of 
detachment since it explicitly refers to a social process. 

This may bring back worries regarding the importance of internal 
coherence being the main criterion for theory, model or statement 
acceptance. Indeed, what counts as objective knowledge might differ 
from one community to the next. Disagreements regarding what counts 
as objective knowledge do happen (even within individual communities, 
as the case study in section 3.3 highlights). The fact that a conception of 
objectivity acknowledges this is a strength. Moreover, acknowledging 
that objective knowledge differs from one community to the next still 
makes it possible to decide “objectively” between two alternative 
epistemic systems, although this requires adopting a specific viewpoint, 
or comparing many (hence the importance of van Fraassen’s synoptic 
vision that invites us to always cross at least two distinct perspectives).7 

Air-based thermometer can be said to be objectively better than 
mercury-based ones, if one is willing to consider and accept the great 
variety of factors that led researchers to settle the debate thusly, or to 
adopt the perspective of subsequent iterations that sustained this 
conclusion (Chang, 2004). 

Historical coherentism is all about studying why and how some 
practices and the associated knowledge are considered objectively better 
than others, thereby accounting for scientific progress. Its specificity, 
however, is to acknowledge and embrace the complexity of the process 
by which something ends up being considered objective knowledge or 
progress. This contrasts with accounts that would solve the debate by 
saying “this is objective knowledge because it reflects reality as it stands 
independently of us.” Such approaches deny the existence of the 

problem of coordination; they short-circuit the complexity of epistemic 
endeavors and consequently, they misrepresent them. 

3. Generalizing the problem of coordination and, in the process, 
historical coherentism 

In section 2, I have presented the problem of coordination and his-
torical coherentism. In what follows, I show that the problem can be 
generalized beyond measurement and is embodied in classificatory 
practices (section 3.1). A consequence of this is that historical coher-
entism is well suited to analyze classificatory practices.8 In order to 
illustrate these claims, I will use phylogenetics as case study (sections 
3.2 and 3.3). 

3.1. Generalizing the problem 

The problem of coordination can and should be reformulated more 
broadly, a generalization that highlights its import beyond measurement 
practices. I propose the following reformulation of Chang’s four-steps 
description of the process (start of section 2).  

(1) We want to observe phenomenon X.  
(2) X is not directly observable by unaided human perception, so we 

infer it from another phenomenon Y, which is more directly 
observable.9  

(3) For this inference we need to know the relationship between X 
and Y.  

(4) The nature of this relationship cannot be discovered or tested 
empirically, because that requires the independent observation of 
Y and X, and X is the unobservable we are trying to observe. 

Step 1 sets the objective (coordination through observation), steps 2 
and 3 concern the establishment of observational procedures, while step 
4 highlights problem. I argue that the situation is embodied by classi-
ficatory practices as well as metrological ones, a fact that has remained 
untheorized so far. 

I define classificatory practices as epistemic endeavors that describe 
phenomena by dividing the world (into categories or classes of objects) 
and discriminating phenomena (in order to know which things belong to 
which categories), and then by reconstructing a system (or systems) of 
relationships relating the categories identified beforehand.10 Accord-
ingly, the problem of coordination, when embodied in classificatory 
practices, requires two distinct but intimately related formulations: one 
tied to the classification of objects per se, the other to the formation of 
systems. The two are intimately related because class-membership of 
specific objects can only be assigned in the context of an overarching 
classificatory system. 

A first reformulation captures the categorization of objects. 

(1) We want to observe relationship X between object O and a cate-
gory C. 

5 Skepticism about this conception of objectivity is nothing new. Lloyd 
(1995), for example, has shown efficiently that even classical writings by au-
thors such as Carnap, McDowell, Nagel or Searle questioned various aspects of 
the naive conception of objectivity that ties it to pure detachment from our 
cognition. The numerous challenges to objectivity as pure detachment, 
strengthened by the problem of coordination, provide grounds for doubting that 
it is relevant to criticize epistemological approaches (e.g. historical coherent-
ism) based on the fact that they reject objectivity (conceived as pure detach-
ment), as Isaac and others do.  

6 Tal’s approach to epistemology echo many others, especially those tied to 
social epistemology, with Longino’s social objectivity concept being an 
important benchmark (Longino, 1990). To manage values (Longino, 1990) and 
to standardize procedures of observation (Tal, 2017) are different but over-
lapping dimensions of the process leading to the creation of “objective” 
knowledge.  

7 This illustrates the complementarity of historical coherentism and some 
feminist approaches to philosophy of science, as paradigmatically heralded by 
Longino (1990). 

8 It should be noted that Chang has also tackled classificatory endeavors (e.g. 
Chang, 2016) using a methodology comparable to the one he uses for mea-
surement. Similarly, Basso (2021) has drawn on a literature similar to the one I 
use to develop an approach to classification (in psychiatry). My approach differs 
from Chang’s by introducing conceptual tools from other authors and from both 
his and Basso’s by being centered on the generalization of the problem of 
coordination.  

9 “More directly observable” means, in this context, that we already have 
standardized observational procedures for it.  
10 This definition was greatly influenced by the work of Patrick Tort (1983; 

1989), a historian and philosopher of biology whose extensive work on clas-
sification has yet to be translated to English. 
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(2) X is not directly observable by unaided human perception, so we 
infer it from another relationship Y between O and known or 
alleged members of C. 

(3) For this inference we need to know the relationship between X 
and Y.  
(4) The nature of this relationship cannot be discovered or tested 

empirically, because that requires the independent observation of 
X and Y, and X is the unobservable we are trying to observe. 

In this first formulation, the relationship X will usually be that of 
belonging (we want to observe whether O belongs to C), but it could also 
be its opposite (not belonging to C). For example, we can ask whether an 
atom (O) belongs (X) to a given category (C), say an element. Because 
this is not directly accessible by human perception (even if we could see 
atoms directly, there would be no labels hovering over them), we must 
compare this atom with known or alleged members of the element to 
identify a similarity relationship (Y; based on the number of protons 
found in the nuclei, as suggested by the relevant theoretical framework). 
To confirm the validity of this inference, we would need to have inde-
pendent access to class membership as well as to the atomic number of 
each atom, but class membership is what we are trying to provide a 
standardized observational procedure for. 

A second reformulation captures the formation of systems.  

(1) We want to observe relationship X between two classes of objects.  
(2) X is not directly observable by unaided human perception, so we 

infer it from another relationship Y, which is more directly 
observable.  

(3) For such inferences we need to know the relationship between X 
and Y.  

(4) The nature of this relationship cannot be discovered or tested 
empirically, because that requires the independent observation of 
X and Y, and X is the unobservable we are trying to observe. 

The case study, below, is focused on this second formulation, where 
Y is similarity and X is phylogeny. As I detail below, inferring phylogeny 
from similarity requires accepting a priori some aspects of the theory of 
evolution by natural selection, while enabling phylogenetic inquiries to 
provide empirical support for this same theory. 

3.2. The problem of coordination in phylogenetics 

The validity of the above generalization can be illustrated by 
showing how the problem of coordination is embodied in phylogenetics, 
a paradigmatic example of classificatory practices. To do so, we must 
first explore the relationship between phylogenetics and the overarching 
theoretical framework of evolutionary biology.11 According to the 
standard view, natural selection drives evolution, meaning that random 
mutations are selected for (or against) and spread in (or disappear from) 
a population. As mutations accumulate across time, significant changes 
occur in the population. These changes are what evolution by natural 
selection (ENS) amounts to (Gayon, 1998; Godfrey-Smith, 2009; Huxley, 
1942; Lewontin, 1970). 

While it is fairly simple to establish that the theory of ENS informs us 
about changes occurring in specific populations (e.g. a population of 
fruit flies in a laboratory), the central claim of standard evolutionary 
biology is much stronger: the biological world as a whole has been 
shaped mostly by the slow but constant input of natural selection acting 
on biological populations, such that the theory of ENS can serve as an 

anchor for evolutionary explanations and as a background theory for all 
of biology (Gayon, 1998). Phylogenetics holds a privileged role in a 
successful consortium of scientific fields that, among other objectives, 
aims at providing empirical content to that stronger claim. 

According to evolutionary biologists, the said theory makes pre-
dictions about the pattern of phylogenetic relationships that should be 
observed in the biological world. More precisely, they claim that if 
natural selection is indeed the main agent shaping evolution, then bio-
logical lineages should be related in a way that is best represented (i.e. 
modelled) in the form of a tree, i.e. the Tree of Life, the system of re-
lationships that allegedly ties together all life forms.12 Hence, if the 
specific hypothesis according to which the history of life is underscored 
by an arborescent phylogenetic system can be grounded empirically, this 
would offer the theory of ENS significant support. 

According to traditional phylogeneticists, a good way to observe an 
arborescent phylogenetic system is to identify monophyletic groups, i.e. 
groups of organisms that include all and only the descendants of a 
common ancestor. Finding such groups in the wild is considered by 
many as an empirical contribution to the acceptance of Darwinism, 
broadly construed: 

“Evolutionary theory predicts that monophyletic groups and only 
such groups emerge from various evolutionary processes termed speci-
ation. They are composed of a common ancestral species and all of that 
species’ descendants. […] Such groupings are sought because evolu-
tionary theory predicts their existence. […] Thus, all truly monophyletic 
groups have the property of being composed of species, or higher taxa, 
who have exclusive, or unique, genealogical descent from a founder 
species. Each higher taxon we hypothesize to be monophyletic stands as a 
singular confirmation of macroevolutionary theory because macroevolu-
tionary theory predicts that such groupings should exist.” (Wiley and Lie-
berman 2011, 18; my emphasis). 

The identification of monophyletic groups requires knowing the 
phylogenetic relationship between groups of organisms (e.g. species). 
This, however, is a serious challenge, as phylogenetic relationships are 
not directly accessible to human perception: they lie in the past. This 
situation embodies the problem of coordination. 

(1) We want to observe phylogenetic relationships between taxo-
nomic units (e.g. to identify monophyletic groups).  

(2) Phylogenetic relationships are not directly observable by unaided 
human perception, so we infer them from similarity relationships, 
for which we have standardized observational procedures.  

(3) For such inferences we need to know the relationship between 
phylogenetic and similarity relationships.  

(4) The nature of this relationship cannot be discovered or tested 
empirically, because that requires the independent observation of 
phylogeny and similarity, and phylogeny is the unobservable we 
are trying to observe. 

As a result, researches must assume the validity of the similarity- 
phylogeny relationship, which is embedded in the theory of evolution 
through the notion of heredity (Godfrey-Smith, 2009; Lewontin, 1970): 
like creates like, such that taxonomic units that are closely related 
phylogenetically will tend to be more similar than phylogenetically 
distant ones. A core principle of ENS is therefore to be accepted a priori if 
phylogenetics’s grounding of the said theory is to be achieved. 

This means that observations, in phylogenetics, are theory-laden, 
and it highlights the depth of the challenges met by scientists that 

11 Biologists distinguish phylogenetics, the establishment of phylogenetic re-
lationships between genes and organisms, from phylogenetic systematics, i.e., 
the establishment of a nested hierarchy where groups form groups of higher 
ranks (species form genera that form families that form orders, etc.). Here, I 
focus on phylogenetics. 

12 The aim of this section is to illustrate how the problem of coordination is 
embodied in evolutionary biology. Accordingly, I take that which can be called 
traditional phylogenetics as a case study. Traditional phylogenetics is centered 
on tree-based models, but it must be noted that, since the turn of the 21st 
century, network-based models have been suggested as alternatives (Doolittle, 
2000; Huson & David, 2006; Morrison, 2005). 
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hold empirical evidence dear. The contemporary standardized obser-
vational procedures for phylogenetic relationships is the result of a 
historical interplay between observations and theory, a series of itera-
tions and refinements that involved, among other things, the phyloge-
netic interpretation of pre-Darwinian taxonomic systems (Inkpen & 
Doolittle, 2016; Panchen, 1992), the rejection of paraphyletic groups 
(Willmann, 2003), the development of classical genetics (Provine, 1989; 
Smocovitis, 1992), the quantification of similarity analysis (Hull, 2001; 
Sneath & Sokal, 1973) and the molecular turn (O’Malley, 2016). At none 
of these stages was empirical evidence for the theory of ENS given: “What 
now counts as simple passive measurement is a hard-won achievement” 
(van Fraassen, 2008, 125). 

3.3. The placement of methanonatronarchaeia – a case study 

Using very broad strokes, I illustrated, in the previous sections, how 
the problem of coordination is embodied in classificatory practices 
(through abstract formulations [section 3.1] and the example of the 
overarching rationale of phylogenetics [section 3.2]). In this section, I 
tackle a more specific case study in contemporary phylogenetics to 
showcase historical coherentism’s conceptual tools. 

I turn to a debate concerning the phylogenetic placement of the 
recently identified phylum of archaea called Methanonatronarchaeia, 
observed in environmental DNA (Sorokin et al., 2015). What is inter-
esting, from an epistemological point of view, is that different groups of 
researchers (Aouad et al., 2019; Sorokin et al., 2017), starting with the 
same data, make very different hypotheses about its phylogenetic 
placement. In one case, the phylum is taken to be a sister-group of 
Halobacteria (Sorokin et al., 2017), while in the other, Methanona-
tronarchaeia is placed much deeper in the Tree of Life (Aouad et al., 
2019). As will be detailed below, this difference is due to the methods 
used to analyze the data, i.e. to the procedures used to infer unobserv-
able phylogenetic relationships based on the more readily observable 
genetic similarity. In the absence of a direct access to phylogenetic re-
lationships, this situation illustrates the leeway in the establishment of 
procedures that is a consequence of the problem of coordination. 

Sorokin et al. (2017, 2018, 2019) started with a phylogenetic 
(maximum-likelihood) analysis of 16S rRNA and concatenated align-
ments of ribosomal proteins of the Methanonatronarchaeia groups under 
study. The similarity between the two trees, further supported by “the 
fact that these trees conformed with the currently favoured solutions for 
difficult problems in archaeal phylogeny” (Sorokin et al., 2019, p. 560), 
led the authors to state that Methanonatronarchaeia form a sister-group 
of Halobacteria. Methanonatronarchaeia would accordingly be consid-
ered an intermediate evolutionary step between archaeal methanogens 
and Halobacteria. 

In contrast, Aouad et al. (2019), using the same supermatrix of ri-
bosomal proteins, established a much deeper placement for the archaeal 
lineage. This difference is explained by the removal of fast-evolving 
sites, which, as they argue on the basis of past research, tend to 
generate phylogenetic noise (Aouad et al., 2018). The alternative 
placement they suggested was also tested within two larger super-
matrices, one composed of more markers (Aouad et al., 2018) and the 
other of a larger sampling of methanogenetic entities (Borrel et al., 
2019). Their inclusion of more gene markers challenges a traditional 
focus of the discipline, which privileges 16S rRNA. All of this led Aouad 
et al. to suggest that the hypothesis of a sister-group including Hal-
obacteria and Methanonatronarchaeia might be an artefact of 
tree-reconstruction methods. 

Sorokin et al. (2019) responded with three arguments. First, they 
claim that supressing fast evolving site may indeed remove phylogenetic 
noise, but it can also lead to the loss of informative sites. They thus 
challenge a central assumption of standard phylogenetics according to 
which more stable sites are always carriers of better phylogenetic in-
formation (interestingly, the assumption they challenged is traditionally 
used, mutatis mutandis, to focus on markers such as 16S rRNA). Second, 

they highlighted that the larger matrixes are composed of proteins that 
are more susceptible to horizontal gene transfer (more on this below). 
Third, they remind their readers that larger matrixes cannot account for 
or dispel the results that were attained through phylogenetic analysis of 
16S rRNA. They concluded by calling for more sampling of Meth-
anonatronarchaeia with the hope that it might resolve the debate. 

There are good reasons to doubt that more data can solve such dis-
putes, strengthening the claim central to historical coherentism ac-
cording to which empirical data is never sufficient to settle theory, 
model or statement acceptance or rejection. The assumption that species 
phylogenies can be positively reconstructed from genetic information, 
once we gather enough data, is challenged by the epistemic situation we 
here observe. Use of different gene markers leads to different phyloge-
netic reconstructions, and this should be expected given that different 
genes have different phylogenetic histories, some different from that of 
the species we observe them in. So, while we could speculate about the 
possibility of there being a fact of the matter regarding the phylogenetic 
placement of groups of organisms like Methanonatronarchaeia, we are 
forced to admit that we have no direct access to it and that as long as we 
rely on similarity to infer this placement, there will always be various 
possibilities available to us. The best we can hope for is to establish 
statistical tendencies in the forest of trees generated by gene-based 
phylogenetic reconstructions (Koonin et al., 2021), but even this fails 
to deny the fact that focus on different genes or the use of different 
procedures for similarity analysis will yield different results. 

In the present case study, this situation is illustrated by the fact that 
both groups of researchers challenge some of the assumptions that are 
constitutive of standard phylogenetic procedures to defend the validity 
of their respective hypotheses. The debate, in other words, is not about 
these hypotheses and their validity. It is about the underlying methods 
used to infer phylogenetic relationships based on genetic similarity. 

The justificatory structure at work can be represented using the helix 
model. The two approaches are competing stages of knowledges. In both 
cases, justification relies on past iterations of the field. For example, 
Sorokin et al. explicitly rely on past phylogenetic results to argue that 
their procedure is the right one (as cited above, they consider coherence 
with past phylogenetic reconstructions to be an argument supporting 
their hypothesis). Aouad et al. refer to past research to justify their 
removal of fast-evolving sites from the supermatrices. More importantly, 
both groups of researchers retain the bulk of the inferential process typical of 
standard phylogenetic practices: the methods used for similarity analysis 
are standard, and the phylogenetic inferences realized by both groups 
are tree-based (I will get back to this shortly). 

This basic and unavoidable fact follows from the problem of coor-
dination (absolute ahistorical justification is impossible; historically 
grounded justification is the rule), but it also means that justification is 
not circular. It is best described by a helix in which the principle of 
respect translates the continuity between successive iterations. 
Concurrently, the imperative for progress echoes the fact that both 
groups of researchers challenge standard practices in some ways or 
another (Sorokin et al. suggest that the use of less stable sites may be 
informative; Aouad et al. include a wide range of gene markers, beyond 
traditional ones such as 16S rRNA). Such challenges can lead to signif-
icant changes in scientific practices, across time. 

Further critical analysis of this case study reveals a situation in which 
respect towards past beliefs and past iterations might be misleading. 
Both groups of researchers use tree-based models to infer phylogenetic 
relationships (Sorokin et al. used maximum-likelihood analysis to 
reconstruct branching phylogenies, while Aouad et al. mobilized 
Bayesian in addition to maximum-likelihood analysis). In other words, 
they assume, as most practitioners in the field do (Delsuc et al., 2005; 
Felsenstein, 2004; O’Hara, 1997; Parks et al., 2018; Wiley & Lieberman, 
2011), that branching phylogenies are to be expected and found in the 
biological world. This belief justifies the use of tree-based models. 

In the case of Methanonatronarchaeia, this assumption is surprising, 
given that the analyses of both sets of researchers provide good reasons 
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to challenge the standard tree-based model for phylogenetic recon-
struction. First, two distinct hypotheses for the placement of Meth-
anonatronarchaeia both have empirical support, which means that a 
single tree might not be able to illustrate the whole evolutionary history 
of the phylum (both hypotheses might translate relevant dimensions of 
the history of the lineage, e.g., the history of distinct genes). Second, 
there might be convergence involved, as demonstrated by Aouad et al. 
Convergence is incompatible with branching phylogenies yet might be 
worth representing. Third, some of the genes used for inferential pur-
poses are susceptible to lateral gene transfer. Representing these trans-
fers requires including reticulation in phylogenetic graphs, which, 
again, challenges the validity of tree-based models. Hence, there are 
good reasons to use alternative models, yet the researchers involved in 
the debate failed to challenge the validity of tree-based models. The 
situation can be explained by drawing on the notion of amalgam. 

As a reminder, amalgams are groupings of ideas considered to be 
necessarily intertwined, despite being historically and logically inde-
pendent from one another. Both groups of researchers working on 
Methanonatronarchaeia uphold the validity of an amalgam characteristic 
of traditional phylogenetics, i.e. the intimate association of ENS and 
divergence. The unwillingness to consider alternatives to the tree may 
very well be explained by the conflation of divergence and ENS. 

In Darwin’s articulation of the theory of ENS, the principle of 
divergence plays a central role. This principle states that individuals that 
differ more from the mean have better chances of success (Darwin did 
not use statistical language, but the idea remains the same). These 
diverging individuals, because of their characteristic differences, tend to 
compete less directly with the bulk of the population; selective pressures 
are thereby less stringent for them. Given the ubiquity of natural se-
lection and the resulting importance of the principle of divergence, says 
Darwin, one should expect the lineages that thrive to diverge ever more 
from one another (thanks to heredity, they accumulate ever more 
diverging traits). This claim plays a key role in Darwin’s argument: 
natural selection leads to diverging evolution. Therefore, it can explain 
the taxonomic systems that were available at the time (which were then 
reinterpreted as phylogenetic systems that match the tree-based model 
and the principle of divergence). 

The amalgam according to which ENS entails diverging patterns, 
implicit in the debate regarding Methanonatronarchaeia, reaches far 
beyond the said debate. It is explicit in various textbooks. For example, 
Felsenstein claimed that “[p]hylogenies, or evolutionary trees, are the 
basic structures necessary to think clearly about differences between 
species.” (Felsenstein, 2004, xix). Wiley and Lieberman also vehiculate 
this amalgam: “Methods that explicitly test hypotheses of the descent of 
species have resulted in rigorously tested phylogenetic trees” (Wiley and 
Lieberman 2011, 1). O’Hara, in a programmatic paper meant to syn-
thesize the main tenets of standard phylogenetic practices, claims that: 
“[i]f we seek to understand common causes acting in evolution then the 
replicates we need to examine are not species, but the evolutionary 
events that are of interest in a particular study, and this can only be done 
by plotting those events on a tree” (O’Hara, 1997, p. 325; my emphasis). 
Hence, it is not surprising that some research published in leading sci-
entific journals (some of the papers by Sorokin et al. and Aouad et al. 
mentioned above were published in Nature) assumes the validity of the 
composite of ideas according to which ENS and tree-based models go 
together, to the point of amalgaming the two. 

Adopting the synoptic vision makes it possible to contrast the use of 
this amalgam by contemporary researchers, and its history. Divergence 
was a mean for Darwin to coordinate his theory, centered on natural 
selection, with phenomena. It enabled the reinterpretation of similarity 
relationships between organisms and species, upon which available 
taxonomic system were built, as phylogenetic relationships, in coher-
ence with postulated consequences of ENS. By looking at the work of 
many contemporary evolutionary biologists, we see that the cause (ENS) 
and the postulated consequence (divergence), are conflated. Hence, 
challenging divergence and tree-based models or simply considering 

alternative models has been and is still viewed by many as a direct 
challenge not only to these models, but also to the theory of ENS (For-
terre, 2012; Koonin & Wolf, 2009; Merhej & Raoult, 2012; Raoult, 2010; 
Raoult & Koonin, 2012). 

This takes us back to the principle of respect. The presence of an 
amalgam and its a priori acceptance by researchers is not itself a prob-
lem. The problem of coordination entails the need for some degree of 
respect for past iterations, and this respect can be actualized by the 
acceptance of specific sets of ideas and relationships between them. 
Empirical justification requires this. Nonetheless, respect can be mis-
placed: it might harm scientific practice when it is granted to under-
serving associations of ideas. The amalgam linking tree-based models 
and ENS is a case in point, as recent research in evolutionary biology 
provides good reasons for rejecting it: ENS and divergence do not go 
hand-in-hand (Bapteste & Boucher, 2009; Doolittle, 2000; Huson & 
David, 2006; Huson et al., 2010; Morrison, 2005, 2010; Papale et al., 
2020). Future debates, regarding Methanonatronarchaeia (or other ob-
jects of inquiry) would therefore benefit from an in-depth exploration of 
alternatives to the tree-based representations of evolutionary history. 
Critical analysis can foster progress. 

Finally, going back to the start of our epistemological journey, this 
example shows that there is no way for scientists to “solve” or overcome 
once and for all the problem of coordination: justification is never ab-
solute. Scientists continuously manage coordination, re-adapting their 
procedures to new data, but also to novel stance towards data sets, new 
methods or algorithms, new tools, etc. Far from being limitative or 
paralyzing, the conundrum resulting from coordination forces re-
searchers to innovate constantly: acknowledging it is an opportunity and 
an important condition for progress to occur. 

4. Conclusion 

The aim of this paper was to present and defend historical coher-
entism as a sound epistemological approach to tackle not only metro-
logical practices, but also classificatory ones. In section 2, I presented the 
problem of coordination. This allowed me to highlight the epistemo-
logical importance of this phenomenon (the problem of coordination) 
for understanding the processes of empirical justification. It also allowed 
me to motivate the use of historical coherentism as an epistemological 
framework: the problem of coordination forces us to acknowledge the 
sociohistorical dimension of scientific justification and to develop a 
sophisticated account of objectivity and scientific progress. Following 
Tal (2017), I argued that objectivity characterizes knowledge that arises 
from standardized scientific practices. 

Stepping away from metrological discussions, I showed, in section 
3.1, that the problem of coordination can be generalized and reformu-
lated in the context of classificatory practices. In section 3.2, I high-
lighted its embodiment in the general epistemic structure of 
phylogenetics. In 3.3, I refined the example by looking at a specific case 
study, namely, the debate regarding the phylogenetic placement of 
Methanonatronarchaeia. This illustrated the explanatory power of his-
torical coherentism and its conceptual tools. Applying them to this 
specific case of classificatory practices shows that the scientific dy-
namics at work in contemporary phylogenetics do fit the helix model 
and that, accordingly, the scientific process can be analyzed in terms of 
the principle of respect and the imperative of progress. By identifying an 
amalgam (linking ENS and divergence) in the epistemic structure 
characterizing a significant part of contemporary phylogenetics, I have 
suggested that misplaced respect may impair scientific practices. In a 
near future, historical coherentism should be used to provide rigorous 
comparative analyses of tree-based and network-based phylogenetics, 
the two main alternatives available in the field. Ideally, this should be 
done by mobilizing interdisciplinary resources, going beyond philo-
sophical analysis. Future work will also need to test the generality of the 
problem of coordination beyond phylogenetics. 

F. Papale                                                                                                                                                                                                                                          
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