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Abstract

This paper provides resources from the philosophy of science to identify differences
between explanatory norms across disciplines and to examine their impact on in-
terdisciplinary work. While the body of literature on explanatory norms is expand-
ing rapidly, a consensus on a theoretical framework for systematically identifying
norms across disciplines has yet to be reached. The aims of this paper are twofold:
(i) to provide such a framework and use it to identify and compare explanatory
norms across different domains; and (ii) to derive indications about interdisciplin-
ary practice accordingly. By pursuing these goals, this work aims to be both theo-
retically significant and practically relevant. It contributes to the ongoing work on
explanatory norms; and offers recommendations for the analysis of interdisciplinary
science.

Keywords Explanatory norms - Dimensions of explanatory power -
Interdisciplinary science - Model transfer

1 Introduction

In recent decades, science has become increasingly interdisciplinary, as evidenced,
for instance, by the proliferation of interdisciplinary programs and research centers
worldwide. Notable examples include the International Panel for Climate Change
(IPCC) and the European Council for Nuclear Research (CERN), where hundreds of
scientists with different backgrounds, training, and expertise work together on joint
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problems (Frodeman et al., 2017).! A central motivation for interdisciplinary science
is its potential to address some of the most significant challenges of our times—such
as climate change, global health, and inequality—which are too broad and complex
for individual disciplines to tackle in isolation (National Science Foundation, 2020;
Tuana, 2013).2

In addition, university boards and funding agencies are calling for interdisciplin-
ary science, and introducing new interdisciplinary educational and research programs
and funding schemes. Here, interdisciplinary science proceeds at the level of funda-
mental and applied research to tackle complex scientific problems that ask for the
concerted effort of scientists from different fields.?

The increasing academic and societal demand for interdisciplinarity, however,
cannot be met fully without addressing a wide range of scientific and institutional
challenges that it raises (Méki, 2016).

One of the main obstacles to collaboration across disciplines is that scientific prac-
tices tend to be strongly domain-specific (Fagan, 2019; MacLeod, 2018). Scientists
are generally trained within disciplinary boundaries that structure scientific work and
regulate problem solving. Different domains even have distinct explanatory norms,
in other words different criteria for what counts as adequate explanatory claims.
Some domains strive for generality and tractability, while others focus on specific-
ity and accuracy. Since one of the main goals of science is to explain phenomena, if
scientists disagree on something as fundamental as explanatory adequacy, it is likely
that significant clashes will emerge in the context of interdisciplinary collaboration.

Explanatory commitments often become apparent through interdisciplinary prac-
tice, leading to a wide array of epistemological issues. For instance, there are ques-
tions about whether scientific domains with different explanatory norms can engage
in interdisciplinary exchange, how disciplines that endorse different explanatory
standards can contribute to an overall explanation, and how to reconcile criteria
of explanatory adequacy when these pull in different directions (Brigandt, 2013a;
Fagan, 2019; Herfeld & Lisciandra, 2019; Love, 2012).

This paper aims to shed light on the role of explanatory norms in interdisciplinary
science by bringing together two distinct research areas that have so far mostly devel-
oped independently. On the one hand, the current literature on the methodology of
interdisciplinary science identifies explanatory norms and examines their interaction
in interdisciplinary practice. For example, some disciplines prioritize explanations
based on the accuracy of collected data, while others favor explanations based on

'The IPCC and the CERN are two distinct examples of scientific collaboration. The IPCC includes sci-
entists from a wide range of fields spanning climatology, geophysics, and social sciences, while CERN’s
composition is more cohesive, consisting mostly of experimental and theoretical physics, but also astro-
physics, engineering, and computer science (For more information on the interdisciplinary composition
of one of the main groups at CERN, the Compact Muon Solenoid group, see the description of the group
on the CERN website here).

2 Against a characterization of interdisciplinarity as a means-end relationship, see Miki (2016). According
to him, interdisciplinary science should be defined in terms of “whatever relevant relationship [there is]
between two or more scientific disciplines or their parts."(p. 331)

3For an analysis of some of the main factors motivating interdisciplinary work see, for example, Bechtel
(1986) and Darden and Maull (1977). For a recent treatment, see the thorough discussion on the inter-
disciplinary relationship between evolutionary and developmental biology (Evo-Devo) by Love (2021).
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abstract mathematical models—and they may experience difficulties when working
together. This literature acknowledges that explanatory standards play a crucial role
in channeling and constraining interdisciplinary exchange (Fagan, 2016) and also
that similar combinations of explanatory norms lead to similar patterns of interdis-
ciplinary interaction (MacLeod, 2018). Additionally, this literature closely examines
scientific practice and identifies explanatory standards in a manner that is sensitive to
disciplinary specificities.

On the other hand, the general philosophy of science literature on explanation
suggests that explanatory standards are, at least in some cases, instances of general
dimensions of explanatory power—features that characterize the quality of expla-
nation in the abstract (Ylikoski & Kuorikoski, 2010). Examples include insensitiv-
ity, precision, and integration. While this approach acknowledges the plurality of
explanatory norms in science, some of which are unique to specific domains, it also
identifies certain qualities of explanation that typically pertain to particular domains
or sets of domains. This literature suggests that there may be an overarching, albeit
not exhaustive, set of explanatory norms, with certain domains usually endorsing
specific elements of this set and others different elements. This literature thus prom-
ises to offer a theoretical framework that can help guide the analysis of explanatory
norms across domains.

In this paper, I will argue that combining these two approaches allows for a better
understanding of explanatory norms and their role in interdisciplinary science. By
studying the explanatory norms of a discipline—identifying which ones it empha-
sizes and which ones it de-emphasizes—we obtain what we might think of as a
discipline’s profile of explanatory norms. When two or more disciplines pursue an
interdisciplinary research project, similar profiles can facilitate the interdisciplinary
interaction, while differing ones may create obstacles.* By deepening our understand-
ing of explanatory norms, this paper aims to help interdisciplinary science address
some of the challenges it faces due to differences in explanatory norms.

The paper is structured as follow: The next two sections (Sects. 2 and 3) set the
stage by providing an overview of recent philosophical literature on explanation and
interdisciplinarity. Section 4 delves into the notion of explanatory norms, arguing that
the literature would benefit from a theoretical account to study these norms across
domains. In Sect. 5, I propose to draw on Ylikoski and Kuorikoski (2010) account
of dimensions of explanatory power for this purpose. I will argue that dimensions of
explanatory power capture a relevant set of explanatory norms and, in Sect. 6, show
that such norms provide indications about the dynamics of interdisciplinary proj-
ects. Finally, Sect. 7 concludes.

4Notice that, nonetheless, there may be other factors that play a role in an interdisciplinary exchange and
that can override explanatory norms.
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2 Background

In this section, I first introduce briefly the notion of explanatory norms. Next, I argue
for the combination of the literature from the philosophy of the special sciences and
the general philosophy of science, showing how this combination can be fruitful for
studying interdisciplinarity. Finally, I outline the main reasons for focusing specifi-
cally on explanation, rather than on other features of scientific inquiry that are never-
theless also relevant to interdisciplinary work.

2.1 Explanation

In a pre-theoretic sense, explanations are typically answers to why-questions or why
things happen, “where the “things” in question can be either particular events or
something more general—e.g., regularities or repeatable patterns in nature.” (Wood-
ward & Lauren, 2021). In the philosophical literature, different models of (scientific)
explanation have been developed to characterize what qualifies as an explanation.
For example, according to the Deductive-Nomological (DN) model, explanations
are logical arguments in which the explanandum is shown to follow logically from
a law of nature, as well as from premises specifying initial conditions. According to
counterfactual accounts, explanations show how the effect would change if its causes
were changed (Woodward 2005, p.11).

Depending on the model of explanation one adopts, different criteria define what
counts as an explanation and what makes one explanation better than another—in
other words, what determines the explanatory power of an explanation (Schupbach,
2011). For instance, within the DN model, one explanation is better than another,
the more it reduces the surprise of the explanandum given the laws of nature (Sch-
upbach & Sprenger, 2011). In a counterfactual account, an explanation is better than
another when it can answer a larger set of “what-if-things-had-been-different” ques-
tions (Ylikoski & Kuorikoski, 2010).

Ylikoski and Kuorikoski (2010) have dissected several dimensions of explanatory
power that derive their justification within the counterfactual account of explana-
tion. Explanations that satisfy such dimensions are considered to be better than those
that do not, or that do so to a lesser degree. For example, scientists often aim for
precise explanations. Precision refers to the sharpness with which the explanandum
is defined with respect to its contrast class. The more precise the explanandum, the
larger the set of answers to “what-if” questions that the related explanans provides
(more on this in Section 5).

This paper takes Ylikoski and Kuorikoski’s account (2010) as a case study with
which to analyze the role that explanatory dimensions play in interdisciplinary prac-
tice. This account illustrates how we can distinguish some scientific domains by the
set of explanatory dimensions they adopt. As I argue in later sections, I consider these
dimensions to function as the explanatory norms of those domains. My main claim
is that, when explanatory norms align, this can facilitate interdisciplinary interaction,
whereas misaligned norms may hinder collaboration between fields.

While I illustrate this point within the context of Ylikoski and Kuorikoski’s
explanatory framework, the main claim of this paper does not hinge on that specific
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account. If a competing account were considered to be more suitable for defining the
criteria for explanation and explanatory norms, the central point regarding what to
expect in case of the alignment or misalignment of norms would remain valid.

Furthermore, the overall point of this paper applies even if one endorses a plural-
istic view on scientific explanation, where multiple explanatory accounts coexist. In
this scenario, conflicts between fields could be attributed to their adherence to differ-
ent explanatory frameworks. The core idea would then extend to a higher-level norm
of explanation that characterizes these frameworks: fields subscribing to the same
explanatory framework are more likely to succeed in interdisciplinary interactions
compared to those with entirely different explanatory frameworks.

2.2 General philosophy of science and the philosophy of the special sciences

The role of explanatory norms has gained increasing recognition in the philosophi-
cal literature, with a growing body of work focusing on the explanatory features that
characterize individual disciplines and their impact on the development of interdis-
ciplinary projects.’

To date, much of the literature has relied on case studies from specific fields, which
offer a growing collection of examples drawn from scientific practice. For instance,
Fagan (2016) examines a case study of (failed) interdisciplinary research in systems
biology. In particular, she argues that the disagreement between theoretical biologists
and experimental researchers “is rooted in divergent views of explanation” (p. 873).

While case studies offer rich and detailed evidence, one of their primary limitations
is that extrapolating explanatory norms from case studies is typically a demanding
process. Identifying norms specific to fields requires considerable effort, even before
comparisons across fields can be made. To advance research in this direction, this
paper draws on the philosophy of science literature, which offers general accounts
of explanation and, in particular, of dimensions of explanatory power (Ylikoski &
Kuorikoski, 2010).

The theoretical approach does not replace but rather complements a more fine-
grained, bottom-up analysis based on case studies and local comparisons. The lit-
erature focusing on case studies gathers evidence about explanatory norms and their
role in interdisciplinary research. Meanwhile, a theoretical framework provides con-
ceptual tools to inform and develop case study analyses further, potentially leading
to revisions of the theoretical framework itself. In this way, these two research areas
work in tandem and can mutually inform each other.®

SFor explanations in biology see, e.g., Ross (2022); for explanations in economics, see, e.g., Lehtinen and
Kuorikoski (2007); Marchionni (2022); for explanations in interdisciplinary projects see, e.g., Brigandt
(2010); Fagan (2016); Green and Andersen (2019); Love and Lugar (2013).

SNotwithstanding their complementarity, the variety of explanatory norms is such that not all of them may
be subsumed under general dimensions. Therefore, while there is an overlap between the two approaches
considered in this paper, each side may ultimately retains its own specificities.
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2.3 Explanatory norms, institutional norms, and other norms of scientific inquiry

Although this paper focuses on explanatory norms, there exists a wide array of other
types of norms at work in scientific communities, which significantly impact interdis-
ciplinary projects. For instance, institutional norms play a critical role in either facili-
tating or hindering interdisciplinary collaboration (see, for example, Huttoniemi and
Rafois 2018 and Lyall 2019). Examples include assessment norms that align incen-
tives and reward criteria across domains. Additionally, norms related to disciplinary
identities, cultures, and values can sometimes supersede issues related to explanatory
norms (O’Rourke & Crowley, 2013; Salmela & Méki, 2018).

Moreover, even when focusing on norms of scientific inquiry, it is important to
consider that there is more than just explanation. For instance, there are norms regard-
ing description, prediction, classification, and measurement. Relatedly, the idea that
explanations provide answers to why-questions is typically central to distinguishing
explanations from descriptions and predictions (although see, for example, Church-
land 1995); however, different models of explanation articulate this distinction in
various manners (Woodward, 2005). Regardless of the specific characterizations, dif-
ficulties can arise among disciplines that pursue different aims, such as explanation
versus description or prediction.

However, although not all scientific fields assign equal importance to explanation,
explanation remains a central scientific activity and is particularly relevant in the
context of interdisciplinary research. Working to explain the same phenomenon or
complementary aspects of it often motivates disciplines to engage in interdisciplin-
ary work (Darden & Maull, 1977). In this context, when scientists disagree on the
appropriate approach for achieving explanatory goals, they may view the methods
employed by other domains as irrelevant or misplaced. Differing conceptions of what
constitutes explanation can therefore create difficulties in joint projects.

In light of this, this work focuses on explanatory norms, albeit recognizing that
such norms likely interact with other kinds of norms—both scientific and institu-
tional—as well as with other disciplinary features such as subject domain or scale,
in complex ways. By specifically examining explanatory factors, this paper aims to
take an initial step toward a broader analysis of how explanatory norms intersect with
other kinds of norms, and with other disciplinary features, while acknowledging that
some effects of the overall set may only be captured in the aggregate.

3 Interdisciplinarity

The claim of this paper is that the alignment or divergence of explanatory norms
between different domains can facilitate or hinder interdisciplinary work. This sec-
tion briefly discusses the notion of interdisciplinarity and, relatedly, of disciplines
and sub-disciplines as units of scientific inquiry.

While there are different views on interdisciplinarity, in this paper I consider it to
exist on a spectrum. At one end of the range, an interdisciplinary exchange occurs
when objects—such as models, theories, concepts, instruments, or methods—“move”
from one domain to another, by importation or exportation, to address issues in one of
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the domains involved. At the other hand, interdisciplinary activities lead to the inte-
gration of different domains, or specific aspects of them, such as models or concepts,
to tackle novel problems that require contributions from both sides.’

One of the reasons for this stepwise notion of interdisciplinarity is that, even in
the case of transfer, disciplines use resources from different fields to advance knowl-
edge within their own domain.® Importation and exportation are crucial features dis-
tinguishing interdisciplinarity from other forms of interaction across domains, such
as multidisciplinarity, where different disciplines pursue a common goal but remain
separate throughout the process. Later in this section, I will argue that explanatory
norms play a significant role even at the level of interdisciplinary transfer. By show-
ing that explanatory norms are relevant even in this “thin" sense of interdisciplinarity,
we have stronger reasons to believe that they also affect “thicker” forms of interdis-
ciplinary interaction.

Any definition of interdisciplinarity crucially depends on what disciplines are, a
topic central to a longstanding debate. In the literature, different authors use different
terms to denote scientific clusters, such as areas, disciplines, domains, fields, para-
digms, and specializations.’ This literature considers how to partition the scientific
landscape into units of analysis so that research that takes place across them qualifies
as interdisciplinary (Bechtel, 1986; Darden & Maull, 1977; Kuhn, 1970; Laudan,
1977). While some authors refer to fields as sets encompassing research questions,
explanatory factors, methods, and techniques (Darden & Maull, 1977), others view
disciplinary domains as sets of closely related cognitive resources ((Andersen, 2016),
McLeod 2018). Still others emphasize their sociological and historical dimensions
(Bechtel, 1986; Fagan, 2019) In this paper, I use the above terms interchangeably and
remain neutral regarding the previous accounts. The main reason is that, in contem-
porary science, scientific units exist at various levels of aggregation, making it diffi-
cult to define clear boundaries between them. Although different criteria—scientific,
cognitive, sociological, etc.—can be used to characterize specific scientific units, the
same criteria might lead to different, intersecting distinctions depending on the level
of granularity one uses.

An interdisciplinary project can thus refer to exchanges across traditionally
conceived disciplines, such as physics, economics, and chemistry, or between sub-
domains across disciplines, or even across domains within the same discipline, as in
the case of experimental and theoretical biology, or micro- and macro-development
economics. The main point is that such cases represent situations where scientific
units that typically work separately, come together to work on joint projects. In such
collaborations, they may face significant challenges in combining or reconciling dif-
ferent or opposing standards.

"For an overview on interdisciplinarity and integration, see the introduction to the Special Issue Integra-
tion in Biology: Philosophical perspectives on the dynamics of interdisciplinarity edited by Brigandt
(2013b) and the contributed papers in it.

8See on this, Griine-Yanoff and Miki (2014). For case studies on interdisciplinarity without integration,
see, €.g., Griine-Yanoff (2011), and MacLeod and Nagatsu (2016).

%Yet others include “systems of practice” (Chang, 2012) and “repertoires” (Ankeny & Leonelli, 2016).
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A recent focus in the philosophical literature on interdisciplinarity is interdisciplin-
ary model transfer, which involves using the same models across scientific domains
to address questions other than those for which these models were originally devel-
oped (Humphreys, 2019). A standard example is the Lotka-Volterra model, which
originated in population ecology and has then been applied in fields such as eco-
nomics and medicine (Knuuttila & Loettgers, 2016). Other examples include math-
ematical models from game theory and expected utility theory, the Ising model in
physics, or the Barabasi-Albert preferential attachment model (Herfeld & Doehne,
2019; Knuuttila & Andrea, 2017; Nagatsu & Lisciandra, 2021).

Marchionni (2013) has shown that the application of formal models across domains
is influenced by the specific explanatory standards characterizing each domain. In
other words, the specification of theoretical machinery across domains is not solely
dependent on their subject matter and the empirical content. The same modeling tools
can be implemented differently in distinct domains, depending on the explanatory
values that characterize those domains.

Marchionni (2013) illustrates this point through a case study from network the-
ory. She examines the application of this theory respectively in economics, physics/
applied mathematics, and analytic sociology. According to her analysis, the same the-
ory has been implemented differently across fields, in ways that reflect their specific
explanatory strategies. For instance, both economics and sociology are interested in
network formation, i.e., the properties by which networks develop. However, econo-
mists explain network formation according to general principles of rational choice
theory, while sociologists use explanations that refer to social norms and behavioral
rules. Economists consider sociological explanations based on social norms to be
ad-hoc, i.e., relying on very specific behavioral rules. Conversely, they favor expla-
nations that are general—applicable to a broader set of phenomena—and unified—
where the phenomena should derive from a limited set of axioms.

Marchionni’s analysis is relevant in the context of interdisciplinary work as
it identifies some limits in using a single formal template as a common basis for
research across domains. While Marchionni emphasizes that different explanatory
norms might interfere with this process, it is also possible that when there is at least
some overlap between explanatory norms, this can facilitate their interaction.

To explore the the role of explanatory norms in interdisciplinary research, the next
section focuses on the philosophical literature that analyzes the concept of explana-
tory norms; following that, it will move to introduce a framework on dimensions of
explanatory power and show how this framework can be applied to interdisciplinary
projects.

4 Explanatory norms

Explanatory norms are the implicit and explicit rules that govern what scientists con-
sider to be explanatorily adequate within a specific domain. They determine the good-
ness of an explanation, in other words what makes an explanation a better answer
to a why-question than other possible answers. Typical examples include accuracy,
generality, tractability, and precision. These norms identify the characteristics that a

@ Springer
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scientific explanation is expected to exhibit within a scientific field and guide actions
aimed at fulfilling them accordingly. They are explicit when stated, for instance, in
textbooks and research guidelines, while they are implicit when they are conveyed by
practice and constitute a part of a scientist’s background of tacit knowledge.

The notion of explanatory norms has been discussed in recent philosophy of sci-
ence literature. According to Longino (1990): “Scientific practice is governed by
norms and values generated from an understanding of the goals of scientific inquiry.
[They put constraints on] what counts as a good explanation, for example, the sat-
isfaction of such criteria as truth, accuracy, simplicity, predictability, and breadth”
(p. 4, italics added).

Longino’s work builds on Kuhn’s well-known list (1977) of epistemic values.
According to Kuhn, these values are the “standard criteria for evaluating the ade-
quacy of a theory” (p.322). For instance, he argues that a theory should have broad
scope, meaning it should be able to explain more facts and observations than initially
intended. Fruitfulness refers to the theory’s ability to generate new research findings
and “disclose new phenomena or previously unnoticed relationships” (p. 322).!°

While Kuhn uses the term values, in this paper, I adopt the notion of explanatory
norms to refer to the qualities of an explanation. One of the main reasons for choos-
ing this term is that, unlike values and virtues, which typically pertain to individual
subjects, norms denote group-level features that characterize scientific communities.
And similar to norms in social groups, explanatory norms become particularly visible
when scientific groups with different norms interact with each other.

More specifically, I argue that explanatory norms qualify as norms in two respects:
(i) they are shared among (the majority) members of a scientific community; and,
(i1), they underwrite normative judgments, meaning explanations that adhere to these
norms are considered to be better than those that do not.!!

Concerning the first condition, the literature on explanation reveals that different
scientific domains prioritize specific sets of explanatory norms over others.'? For
instance, in many subfields of economics, tractability—defined as the formulation
of models that are analytically tractable—is a central requirement. However, in other
domains, such as certain subfields of psychology, including clinical psychology, trac-
tability does not play the same crucial role.'> However, “allegiance” to explanatory
norms is not rigidly fixed: within the same field, different explanatory standards may
be adopted at different times or for different purposes (Brigandt, 2013a). What mat-

10 A5 Kuhn observes, the list is not exhaustive. Moreover, Kuhn notes that each item is rather imprecise and
can be interpreted differently. Finally, different items can conflict with one another: for instance accuracy
and scope are typically competitive values in the evaluation of a scientific theory.

"' The two conditions can be mapped to those used to identify social norms in social philosophy accounts
(Bicchieri 2006).

12Gee, e.g., Brigandt (2013a); Brigandt and Love (2012); Kuorikoski and Marchionni (2014); Lisciandra
(2018); Love (2015); Love and Lugar (2013); MacLeod (2018).

131t is important to note that tractability qualifies as an explanatory norm because it pertains to the analyti-
cal derivation of an effect from a set of assumptions or foundational principles. This is of value in a number
of explanatory frameworks, for instance because the result is in agreement with the overall background
theory.

@ Springer
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ters is the consistency of scientists’ beliefs and expectations regarding the “appropri-
ate” norms in a given context, which identifies the norms in place.

Concerning (ii), the normativity of explanatory norms derives from their explana-
tory power. The basic idea is that explanatory norms retain normative force depending
on whether they track explanatory power. In other words, adherence to explanatory
norms leads to an increase in the explanatory power of an explanation, and whether
something qualifies as an explanatory norm is justified within the account of explana-
tion one defends. In what follows, I will explore the dimensions proposed by Ylikoski
and Kuorikoski within the counterfactual account of explanation. Within this, each
dimension is defended on the basis that it satisfies the main criteria that define an
explanation in that account.

In this respect, the discussion of explanatory norms intertwines normative and
descriptive philosophy of science. Ylikoski and Kuorikoski’s framework serves as a
benchmark model in this context.!* It can be used as a normative model, assessing
whether something qualifies as an explanatory norm and why; at the same time, it can
be used as a descriptive model, insofar as explanatory norms aligns with scientific
practice. Moreover, the model helps differentiate between norms that are not essen-
tially related to explanatory power: some contribute to scientific progress through
social or institutional processes or by promoting goals beyond scientific explana-
tions; yet others may not appear to contribute to scientific progress but exist for
path-dependence or some other reasons. Finally, the benchmark model can also be
challenged on the basis of the justification of its normative requirements. The follow-
ing section illustrates how this approach can identify and compare explanatory norms
across scientific fields.

5 Dimensions of explanatory power

Ylikoski and Kuorikoski identify five dimensions of explanatory power: non-sensi-
tivity, precision, factual accuracy, degree of integration, and cognitive salience. To
illustrate, non-sensitivity indicates the degree to which an explanation is insensitive
to changes in background conditions. The idea is that the less sensitive an explana-
tion, the more powerful it is. Factual accuracy pertains to the idealizations that are
considered to be adequate for an explanation, where the fewer the idealizations, the
more powerful an explanation is (more below).

This account is embedded in the contrastive-counterfactual theory of explanation
(Woodward, 2005). This has found application in a wide-range of natural and “non-
natural” sciences, including mathematics (Baron et al., 2020), economics, history
(Brien, 2013), and metaphysics (Schaffer, 2016).

Within this framework, the dimensions serve as metrics to assess explanatory
power, as explanations satisfying them provide answers to a broader range of what-
if-things-had-been-different questions. In principle, this approach allows for com-
parisons between explanations either along a single dimension, such as precision; or

14My thanks to an anonymous referee for suggesting to treat the account as a benchmark model that can
be interpreted normatively and descriptively.
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across different dimensions, such as insensitivity versus accuracy. Either way, dimen-
sions of explanatory power represent explanatory norms that influence interdisciplin-
ary work, as I argue in what follows. To this aim, initially I examine which individual
dimensions correspond to explanatory norms in particular domains, and then explore
general attributes of the framework that make it suitable for analyzing certain dynam-
ics of interdisciplinary research.

e Atfirst glance, most of the dimensions identified in this account appear to be prom-
ising candidates for explanatory norms that could be linked to specific domains, or
could at least be implemented in specific ways within those domains.! Regarding
insensitivity/precision, there tends to be a division between domains that prior-
itize one over the other. An explanatory relationship is considered less sensitive
if it is more invariant to changes in background conditions or to interventions on
the explanatory dependency. This dimension is particularly valuable in domains
focused on high levels of abstraction, which often use formal methods to this end.
It is a typical feature of disciplines that are interested in aggregate phenomena,
as for instance those areas within economics and theoretical biology that develop
equilibrium models and utilize mathematical modeling techniques. It should be
noted that when epistemic goals align across domains, the level of insensitivity in
their explanations can be compared. However, if these goals differ, different do-
mains may refer to distinct sets of background conditions. As with other dimen-
sions listed below, even when two fields subscribe to the same norm, they may
satisfy it differently, although sharing the same underlying norm can still serve as
a common denominator among them.

e Precision is a characteristic in domains that favor detailed characterizations of
the explanandum. According to Ylikoski and Kuorikoski, it refers to the “sharp-
ness” of the explanandum, i.e., the distinctiveness with which the explanandum
is defined (p. 210). For example, an explanans that addresses a more specific ex-
planandum is considered to be better than one addressing a less specific one. This
is common in disciplines that focus on precise, specific phenomena, rather than
broader explanations. Examples include analytical sociology, where researchers
focus on the behavioral rules that generate specific phenomena within defined
contexts and historical periods, or chemistry and molecular biology, where sci-
entists aim to synthesize specific molecules. While it is true that changing the
explanandum means no longer comparing the same phenomenon, the key point
is that domains endorsing this norm may have specific views on what counts as
a good explanandum and typically do not regard broader explananda as an ad-
equate explanatory target.'®

15For the dimensions discussed, I refer the reader to Ylikoski and Kuorikoski (2010) for an analysis of
how each one aligns with explanatory power, in other words how it produces explanations superior to
those that either fail to satisfy the dimension or do so only partially. The purpose of this paper is not to
critically engage with the authors’ account, but to consider its applications in the context of interdisciplin-
ary exchange.

16 precision in one domain may not appear similar to precision in another. Thus, the question arises
whether the difference may be such that there is more misalignment than alignment after all. The claim of
this paper is that it is worth abstracting away from the particular features of the instantiation of a norm, as
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e Factual accuracy concerns the idealizations included in an explanation, where
fewer idealizations indicate a better explanation, assuming the level of abstrac-
tion remains constant. This dimension typically characterizes domains that aim
to use tractable models. However, idealizations are ubiquitous across scientific
domains, albeit with variations in their nature. Ylikoski and Kuorikoski give the
example of Newtonian mechanics, which omits friction and air resistance when
describing motion (p. 218). Similarly, models in population ecology and segrega-
tion models in social science follow this pattern. Even experimental and empirical
sciences, which are more directly concerned with the details of the phenomena
or the processes under study employ idealizations, albeit to refer to other aspects
of their subject matter, such as assumptions underlying experimental procedures
and the data analysis. Thus, while this dimension may manifest differently across
contexts, certain disciplines may be more aligned in how they adhere to this norm
compared to others. Nonetheless, the overarching idea remains that those fields
embracing this norm are more closely related to each other than to those fields
that do not adhere to it, other things being equal.

e Finally, the degree of integration measures how well an explanation connects
with the broader body of knowledge within a certain discipline. In principle, an
explanation that achieves a high degree of integration can reveal system-wide
properties that a more isolated piece of evidence might not capture. This level
of integration is typically achieved by disciplines that take a top-down approach,
starting from a set of theoretical principles that guide their analysis, rather than a
bottom-up approach seen in data-driven fields. Many disciplines find themselves
at two opposite sides of a spectrum with respect to their degree of integration.
For example, it is widely agreed that economics often begins with foundational
principles and develops downwards, contrasting with psychology’s more cumu-
lative approach. A similar dichotomy exists in evolutionary systems biology,
where evolutionary biologists focus on establishing general evolutionary princi-
ples while systems biologists concentrate on mechanistic explanations of specific
traits (Green et al., 2015).""The preceding analysis indicates how dimensions of
explanatory power can serve as a framework for identifying explanatory norms,
which in turn highlight similarities and differences of norms between domains.
As outlined, certain fields tend to adhere to specific norms more than others,
although these norms may manifest differently across domains. However, some
degree of overlap can potentially lessen the divergence between disciplines re-
garding explanatory norms.

this allows us to explain certain dynamics of interdisciplinary collaboration that depend precisely on the
underlying general norm across domains (see, for example, the case study on gravity models in economics
on page 19).

17 The list omits cognitive salience because what is deemed salient can be highly context-specific and chal-
lenging to analyze across domains. However, it is possible that certain disciplines share similar standards
of salience, whatever they may be, making them more conductive to interdisciplinary exchange than those
that do not share such standards. An example illustrating how a lack of cognitive salience impedes knowl-
edge transfer can be found in Dais (2019).
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The explanatory profile of a discipline is not necessarily unique; two disciplines can
share the same profile, or have some norms in common or even none at all. It is
conceivable for two disciplines to adopt identical or similar explanatory norms while
differing in subject matters, research questions, or other characteristics. For instance,
consider mathematical physics, mathematical economics, and mathematics proper.
Despite using similar methods and arguably sharing the same explanatory profiles,
these disciplines are clearly distinguished by their intended subject matter.

Whether the list of dimensions is exhaustive or requires further amendment is a
question that merits exploration in future research. The primary aim here is to assess
how well the account serves as a foundational framework for mapping domain-spe-
cific explanatory norms and their implementation. With ongoing refinements, the
ultimate goal is to develop a blueprint to identify disciplinary profiles that encompass
different sets of norms and their respective degrees.

In addition to its promise for studying explanatory norms, Yilkoski and Kuor-
ikoski’s framework is also well-suited for identifying features of interdisciplinary
research and understand situations where different fields adopt different explanatory
norms.

To begin with, their account provides a method to compare explanations of the
same phenomenon based on different explanatory desiderata, i.e. while leaving the
target system fixed. This situation frequently arises in interdisciplinary science when
researchers approach a common scientific problem from their respective disciplinary
perspectives.

Secondly, the framework does not address whether something explains in the first
instance, as this relies on other criteria, particularly an interventionist account of
causation. Instead, it focuses solely on identifying the dimensions that an explana-
tion satisfies and, even if only informally, the degree to which it meets them. One
explanation of a given phenomenon might just satisfy one dimension or a set of them,
while another could satisfy a different set altogether. This flexibility allows different
domains to provide explanations that vary in approach. In interdisciplinary projects
this accommodates situations where different domains adhere to their own explana-
tory standards, assigning different weights to different (sets of) dimensions.

Thirdly, as the authors make clear, it is unlikely within this account that a single
explanation satisfies all dimensions simultaneously, as some of them pull in opposite
directions. For instance, non-sensitivity typically involves a trade-off with precision,
since a narrower explanandum increases sensitivity to interventions or changes in
background conditions. Additionally, explanations with greater levels of integration
may trade off factual accuracy and/or precision, as they require a higher degree of
abstraction to reveal connections with other explanations. These trade-offs reflect a
misalignment across domains, leading to tensions among scientists who uphold dif-
ferent explanatory standards. For instance, domains employing formal models are
typically more open to (certain kinds of) idealizations than those relying on labora-
tory experiments (as discussed in the next section).

Finally, the account provides a framework within which to analyze cases of (sci-
entific) disagreement. It enables the examination of disagreements arising from the
adoption of different explanatory norms, as well as the distinction of those deriving
from different kinds of scientific or institutional norms (Ylikoski and Kuorikoski
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2010, p. 218). In conclusion, the preceding analysis illustrates how the study of
dimensions of explanatory power can serve as a framework for identifying explana-
tory norms, and to recognize variations in their instantiations, which can affect inter-
disciplinary practice.

6 From explanatory norms to interdisciplinary research

The aim of this section is to show how the previous analysis of explanatory norms
offers indications of patterns of interdisciplinary interaction. The idea is that align-
ment in explanatory norms, or their practical implementation, can aid collaboration
across domains. Conversely, significant divergence in norms may hinder it.

To clarify, facilitating or hindering interdisciplinary interaction does not imply
that the alignment or collision of explanatory norms can predict the ultimate suc-
cess or failure of such interaction in terms of scientific progress. Rather, the point is
that, provided that a certain interdisciplinary activity is considered to be promising
in terms of scientific gains, certain combinations of explanatory norms may allow
scientists to collaborate more effectively compared to other combinations requiring a
greater overall investment of time and resources.

Secondly, and related to the previous point, this paper does not analyze which
combinations of explanatory norms are more conducive to scientific advancement.
It is possible that to generate interesting results explanatory norms need to be at an
optimum distance from each other, neither too close nor too far apart (see, e.g., Love
2021). However, this issue goes beyond the scope of this discussion, which focuses
instead on anticipating possible clashes or favorable matches among scientists based
on their explanatory norms.

With this in mind, I will briefly present two examples where explanatory norms
influence interdisciplinary research: the first illustrates a case where explanatory
norms diverge, and the second where they partially align. The cases are illustrated
both through the scientists’ own methodological reflections and through an analysis
of their scientific practice.

1. Micro/macro-development economics. To begin with, the literature has so
far focused extensively on cases where different explanatory norms or frameworks
tend to hinder interdisciplinary work (Fagan, 2016; Fam & Michael, 2020). An
example that has not yet been analyzed but illustrates this is development econom-
ics. It is well-documented that this field has long been divided between two main
subdomains: macro-development economics and micro-development economics
(Rodrik, 2009). Both areas address development issues, such as reducing poverty
and enhancing growth and living standards, but their approaches differ substantially.
Macro-development economics examines the role of structural transformations, fis-
cal macro-policies, and international trade; microeconomics is mainly concerned
with health, education, and fiscal micro-policies.

The misalignment between these two subfields can largely be attributed to differ-
ences in explanatory norms. Micro-development economists defend the precision
achieved by small-scale interventions based on randomized-control trials (RCTs)
(Rodrik 2009, p. 26). In contrast, macro-development economists criticize RCTs for
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their lack of generality (p. 26) and their low degree of integration with an overarching
theory. Indeed, while macro-development economics typically follows a top-down
approach, starting from macroeconomic theory and moving to observations, micro-
development economics adopts a bottom-up approach, collecting evidence primarily
through RCTs. The core of the debate is not merely the use of cross-country regres-
sions in macro-development economics and of RCTs in micro-development econom-
ics, but rather the validity of the explanations afforded by these distinct methods.
Despite calls for greater collaboration from scholars in both fields, reconciling these
approaches remains challenging.

2. Gravity model in economics. The second example concerns the exchange of
models from physics to economics, specifically the development of so-called grav-
ity equations in international trade theory. The gravity model is just one of several
instances where models have “migrated” from physics to economics. Other notable
examples include the Ising model, which has moved from physics to the social sci-
ences, and the kinetic models from statistical mechanics, which have been used to
study the distribution of wealth (Bradley & Thébault, 2019).

The central concept underlying the gravity model in economics is to model inter-
national trade flows by analogy with Newtonian gravity: the trade flow between two
countries is proportional to the product of their “economic masses” and inversely
proportional to their distance. This idea gives rise to the simple gravity equation:

X; X,
Xij=9—— (1)
2y

where X; ; is the bilateral trade flow between countries i and j, g is a “gravitational
constant” of proportionality, X; and X; are the “economic masses” of i and j, and
d; ; is the “distance” between the two countries. These variables can be instantiated
in various ways, but in more simple gravity models, X;, X; are simply the GDP’s of
iandj, and d; ; is their physical distance.

Gravity equations were introduced into trade theory as an econometric model by
Tinbergen (1962) and are considered among the most successful empirical models in
economics (Anderson 2011, p.13). Despite their empirical success, many economists
were initially skeptical of gravity models because of their perceived lack of a solid
theoretical (microeconomic) foundation. As Leamer and Levinsohn (1995, p. 1387)
noted, “[TThe gravity models are strictly descriptive. They lack a theoretical under-
pinning so that once the facts are out, it is not clear what to make of them.”

In response to this, considerable effort has been devoted to providing gravity equa-
tions with theoretical foundations in such a way as to make them compatible with the
background of theoretical knowledge in international trade theory. Several econo-
mists have worked to prove how gravity equations can be derived from particular
models of international trade—such as a Ricardian model (Eaton & Kortum, 2002),
Heckscher-Ohlin models (Deardorff, 1998), and from models of comparative advan-
tage (Anderson & Van Wincoop, 2003).

The effort that economists dedicated to providing theoretical foundations for grav-
ity equations can be understood by considering the importance that economists place
on explanatory norms such as integration with the overall body of knowledge.
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7 Conclusions

This paper has focused on a particular aspect affecting the way that disciplines inter-
act with each other: explanatory norms. The reason for this focus is that, first, in the
last decades, the philosophy of the special sciences literature has provided increasing
evidence on the explanatory features that characterize specific fields. Furthermore,
this growing body of work shows that explanatory features cut across domains—their
research questions, models, specific methods, and more (Andersen, 2016).

This paper aims to deepen our understanding of explanatory standards by syn-
thesizing evidence on explanatory norms from previous local studies, and suggest-
ing that they can be brought together in a unified framework. It proposes to apply
Ylikoski and Kuorikoski (2010) framework on dimensions of explanatory power to
this goal. In their model, explanatory dimensions serve as abstract qualities that char-
acterize explanations, including attributes like insensitivity, precision, integration,
and others.

The claim of this paper is that specific combinations of these dimensions form a
domain’s explanatory profile. It argues that disciplinary profiles can share overlap-
ping norms, and that closer alignment in these profiles facilitates interdisciplinary
interaction compared to when they are more distant, other things being equal.

Finally, since these dimensions derive from a theory of explanation, it becomes
clear how different domains can apply different criteria for justifications, which are
not inherently inconsistent, despite pulling in different directions.

Since dimensions of explanatory power are general features that abstract away
from specific details characterizing explanations in particular fields, they illuminate
what explanations have in common across disciplines. However, the analysis oper-
ates at a more general level than the in-depth examinations of specific domains found
in the philosophy of the special sciences. Moreover, the list of explanatory norms
presented may require further expansion and revision in light of ongoing theoretical
work and additional case studies.

Finally, it is hoped that this work has provided some initial guidance on assess-
ing interdisciplinary work by leveraging explanatory distances across domains. For
example, in projects yet to be undertaken, it provides a means to anticipate potential
difficulties that may arise in interdisciplinary collaborations and consider strategies to
address them. For completed projects evaluated ex-post, it offers a way to acknowl-
edge the challenges encountered due to explanatory differences.

In conclusion, this work shows that the norms that set the adequacy of an explana-
tion vary across domains and influence collaborative projects accordingly. In light
of the interdisciplinary turn in contemporary science, philosophers of science are
uniquely positioned to contribute to this research. Their expertise in methodological
issues can provide valuable insights and guidance on scientific inquiry at the intersec-
tion of different fields.
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