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Abstract

Formal models of scientific inquiry, aimed at capturing socio-epistemic aspects underlying
the process of scientific research, have become an important method in formal social epis-
temology and philosophy of science. In this introduction to the special issue we provide
a historical overview of the development of formal models of this kind and analyze their
methodological contributions to discussions in philosophy of science. In particular, we
show that their significance consists in different forms of ‘methodological iteration’ (Elliott
2012) whereby the models initiate new lines of inquiry, isolate and clarify problems with
existing knowledge claims, and stimulate further research.

Throughout the last two decades philosophical discussions on scientific inquiry have
increasingly utilized formal models. This has been especially fruitful for the investigation
of social aspects of scientific inquiry, such as the division of cognitive labor, the epistemic
effects of scientific interaction, the impact of biases on scientific research, etc. To this end
a variety of formal models have been developed, from analytical ones to computer simula-
tions in the form of agent-based models. One of the main advantages of formal approaches
is that, in principle, they can help us to gain a precise understanding of the underlying
issues and to form normative generalizations that are difficult to obtain in view of tradi-
tional methods (such as, for example, historical case studies). Nevertheless, models fre-
quently come with a high degree of idealization and simplification, which may impede
their reliability concerning actual scientific practice. This poses the question to which
extent formal models can be used to provide an understanding of scientific inquiry, and to
which extent they can be improved with respect to their relevance for science policy.
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In this introduction we provide a background to the topic of formal models of scientific
inquiry (Sect. 1) and we analyze the role they play in the process of knowledge forma-
tion in philosophy of science (Sect. 2). Our focus here (as well as in this special issue) is
on the models developed in the field of social epistemology of science, aiming to capture
socio-epistemic dynamics of scientific inquiry. In Sect. 3 we give an overview of articles
comprising this topical unit.

1 The Development of Formal Models of Scientific Inquiry: Historical
Background

The philosophical study of scientific inquiry from a formal perspective gained a special
interest with the introduction of economic approaches to social epistemology. The nov-
elty of such approaches was that they introduced to social epistemology the mechanism
of a ‘generous invisible hand’, according to which individuals interacting in a given com-
munity can bring about consequences that are beneficial for the goals of the community
without necessarily aiming at those consequences (Miki 2005, 213). For example, indi-
viduals driven by self-interest (such as fame) may under certain conditions bring about
an adequate division of cognitive labor. Moreover, what is epistemically beneficial for an
individual may differ from, or even conflict with what is epistemically beneficial for the
given community.

While the tension between individual and group rationality had previously been dis-
cussed by Kuhn and others who advanced historicist theories of scientific rationality (Nick-
les 2017), formal methods inspired philosophers of science to get more precise insights into
this tension. Early analytic models, such as those by Goldman and Shaked (1991) exam-
ining the relationship between the goal of one’s professional success and the promotion
of truth-acquisition, or Kitcher’s model of the division of cognitive labor (Kitcher 1990;
1993), were followed by a number of related proposals (e.g. Bonilla 1999; Zamora Bonilla
2002; Strevens 2003). Soon, formal models of scientific inquiry employed computational
techniques as well. While agent-based models (ABMs) of scientific inquiry had previ-
ously appeared in the field of sociology of science (e.g. Gilbert 1997; Edmonds 2008), they
kicked off in social epistemology and philosophy of science with the pioneering works of
Zollman (2007; 2010), Weisberg and Muldoon (2009), Grim (2009), Grim et al. (2013),
Douven (2010) (building on the well-known Hegselmann and Krause’s (2002) model), De
Langhe (2014), among others.

The development of formal models of science gave rise to the following two ques-
tions. First, which other problems concerning scientific inquiry can be fruitfully tackled by
means of formal models? Second, how reliable are these models when it comes to norma-
tive conclusions about scientific inquiry? Can we take their findings as reliable information
source for methodological, organizational or science-policy guidelines: for instance, can
they inform us how to organize the reward structure of science, the organization of peer
review, or the information flow among scientists?

More recently, discussions in the literature have been advancing along these two ave-
nues. On the one hand, formal models have been suggested for the study of a range of

! For an overview of economic approaches to the modeling of scientific inquiry see Miki (2005); for an
overview of ABMs of science see Payette (2012); for an overview of models of the division of cognitive
labor see Muldoon (2013).
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additional topics: from problems underlying the process of peer-review (Heesen 2018a),
to the impact of biases on scientific inquiry (Holman and Bruner 2015; Weatherall et al.
2018), to belief polarization (O’Connor and Weatherall 2018; Bramson et al. 2017), to
scientific collaboration (Boyer-Kassem and Imbert 2015; Boyer-Kassem et al. 2017), to
argumentation strategies (Betz 2012; Borg et al. 2017; 2018), to epistemic stubbornness
(Santana 2019) — to mention only some examples.

On the other hand, there has been a growing interest in studying the robustness and reli-
ability of results obtained via previously proposed models, both analytic and agent-based
ones (e.g. Muldoon and Weisberg 2011; Thoma 2015; Alexander et al. 2015; Poyhonen
2017; Rosenstock et al. 2017; Frey and Seselja 2018a; Borg et al. 2019). Moreover, a num-
ber of authors have emphasized the importance of relating the models with empirical data
and providing empirical validation of the conclusions drawn from them (e.g. Martini and
Pinto 2016; Harnagel 2018; Frey and §e§elja 2018b). The emergence of such methodologi-
cal questions has been closely related to discussions on the methodology and epistemology
of highly idealized models in social and natural sciences (e.g., Boero and Squazzoni 2005;
Alexandrova 2008; Hindriks 2008; Arnold 2014; O’Sullivan et al. 2016, etc.).

In the next section we will take a closer look at some specific aspects of these two ave-
nues that have been beneficial for the study of scientific inquiry.

2 Methodological Contributions of Formal Models to the Study
of Scientific Inquiry

We have seen that formal models have become part of the toolbox of philosophical schol-
ars, besides other methods such as historically informed ones. But how exactly do formal
models contribute methodologically to the study of scientific inquiry? The notion of meth-
odological iteration, introduced by Elliott (2012) can be clarifying in this context. As Elli-
ott points out, the interplay of a plurality of methods can contribute to epistemic progress
in a domain—what he calls with Chang (2004) epistemic iteration—Dby initiating new lines
of inquiry, by isolating and clarifying problems with existing knowledge claims, and by
stimulating further research on the given class of phenomena.’

We give some paradigmatic examples. First, formal models can be useful in generat-
ing new concepts and in the identification of relevant variables for a given phenomenon.
An example is the concept of ‘transient diversity’ proposed by Zollman (2010). By means
of an agent-based model of scientific inquiry Zollman discovered that if the agents diver-
sify by researching different hypotheses for a significant time period, their success rate in
converging on the right hypothesis increases, except the diversification rate is too high.
‘Transient diversity’ is a notion that marks the sweet spot. Several factors that influence
this dynamics have been identified, such as the density of the information flow and the
steadfastness of the agents in sticking to their inquiry despite counter-evidence.

Second, formal models can help isolate and identify problems with existing knowledge
claims, localizing anomalies and sources of effects that are of interest. As a first example
consider the problem of the self-correcting thesis of science, according to which scientific

2 Elliot presents each of these functions as a type of interplay between methodological and epistemic itera-
tion, where the former plays a role of initiating the latter, equipping it, and stimulating it. While Elliott’s
main focus are the natural sciences (his case study is in the field of nano-sciences), his analysis of methodo-
logical iteration can shed some light also on the role of formal models in our context.
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inquiry leads to closer and closer approximations of true theories. The validity of this the-
sis has traditionally been studied as a problem mainly concerning (statistical/inductive)
inference. Romero (2016) tackles this problem from a social epistemological perspective
and argues that realistic assumptions about social structures underlying scientific commu-
nities impose social “constraints on scientists’ work that make it impossible for them to
correct their mistakes in the way that SCT [the self-correcting thesis] contends” (p. 56). In
addition, Romero investigates implications of his study for the replicability crisis. Another
example is the investigation of the replicability crisis in terms of a social choice model by
Heesen (2018b). While the reward structure of science is usually discussed in a positive
light as having a stimulating effect on scientific progress, Heesen’s study highlights a prob-
lem that may come with it, namely scientific rewards as incentive to “rush into print” lead-
ing to a decrease in the quality of studies and therefore to reproducibility problems.

Finally, the mathematical analysis underlying formal models may assist in the identi-
fication of unexpected new problems and phenomena that require further investigation.
For instance, formal models of the division of cognitive labor (such as the one by Kitcher
1990) highlighted the relevance of the reward structure of science and stimulated further
investigation of this topic. Another example concerns discussions on peer disagreement.
Formal models (e.g. by Douven 2010; De Langhe 2013) have stimulated the investigation
of the epistemic norms proposed in the literature (such as the steadfast norm, according to
which an agent should ‘stick to her guns’ in case she recognizes she is involved in a peer
disagreement) in terms of their impact on the efficiency of scientific inquiry (for a recent
discussion see Seselja 2019).

In sum, we have followed roughly Elliott’s distinction between the initiating role (e.g.,
by generating new regularities and concepts), the equipping role (e.g., by isolating and
clarifying problems with existing knowledge claims), and the stimulating role (e.g., by
assisting in the discovery of new problems) in which methodological iteration impacts
the epistemic iteration. We have shown that formal models can contribute in each of these
senses.

Nevertheless, it is important to notice that hypotheses generated by formal models,
stemming from the frictionless space of mathematics, may in many cases profit from a
back-and-forth with other methods such as those with an empirical and a historical empha-
sis. Unless we are merely interested in the abstract question ‘how possibly a phenomenon
may occur’, that is, as soon as we are interested in the relevance of results obtained by
means of formal models for their actual domain of application, we do well by turning to
other methods as well.

This may, in a narrow sense, mean the usage of other formal models to study the (math-
ematical) robustness of results in order to check whether they are dependent on the spe-
cific idealizing assumptions of a given model (as it is done, for instance, in Borg et al.
2018; 2019). In a broader sense, by looking beyond the mathematical realm, we may turn
to methods of empirical calibration (e.g. if we want to apply a model to a specific domain),
or compare the behavior of real-life agents with the idealized agents from a model (e.g.,
Mohseni et al. 2019). Moreover, we may test hypotheses generated by models in view of
historical studies (Frey and geéelja 2018b), etc.

This type of cross-fertilization between formal and empirical methods is still scarce in
the context of the study of scientific inquiry (probably due to the fact that formal methods
are a recent development), but we expect to see more of it in the near future.
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3 Overview of this Special Issue

This special issue aims at contributing to the current literature on formal models of sci-
entific inquiry by, on the one hand, introducing novel models (items 1-2 below), and
by enriching the literature with methodological discussions on how such models should
be developed, integrated and validated (items 3-5), on the other hand. The topical unit
includes some of the papers presented at the conference Formal Models of Scientific
Inquiry, held at Ruhr-University Bochum, July 18-19, 2017, as well as some additional
contributions.

1. Cramer and Dauphin (2019) introduce a structured argumentation model, inspired by
ASPIC* (Modgil and Prakken 2014), to study informal and semi-formal debates in for-
mal sciences. An important novelty of the proposed framework with respect to ASPIC*
is that it incorporates explanations, following §e§elja and Strafer (2013). To show the
usefulness of the model, the authors discuss debates around the Liar Paradox and the
Axiom of Choice.

2. van Lee and Smets (2019) develop a logical model, based on Dynamic Epistemic Logic
(Ditmarsch et al. 2007). The proposed Multi-agent Epistemic Observation Logic allows
for the modeling of observation, interaction and belief revision in scientific commu-
nities. One of the advantages of this logical approach over Bayesian and simulation
models is that it also allows for the modeling of higher-order reasoning, which plays an
important role in scientific inquiry.

3. Perovi¢ and Sikimi¢ (2019) discuss an integration between two types of assessments
of scientific inquiry: the citation-based assessment, on the one hand, and inductive
analysis, based on Formal Learning Theory, on the other hand. In order to show how
this combination is beneficial for the understanding of scientific processes, the authors
discuss two case studies: research in high energy physics and phylogenetic research.

4. Beni (2018) defends a probabilistic scientific realism with a pragmatic twist inspired by
Feigl. For this he relies on insights from computational neuroscience, thereby addressing
the relationship between scientific models and reality.

5. Finally, Thicke (2019) discusses the question how to evaluate formal models of science.
To this end, he suggests that models should be assessed according to their predictive and
representational accuracy, and that accordingly, most contemporary models of science
fail to support normative claims.
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