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Research Summary

OVERVIEW OF RESEARCH INTERESTS
________________________________________________________________________________________________________________________________________________________________________

My primary research interests are in the areas of philosophy of biology, philosophy of science, and history of 
logical empiricism.  Much of my work is inspired by an appreciation for the complexity of the world's causal 
processes, and an interest in how scientific practice is shaped by grappling with that complexity.  
I am particularly interested in the following interrelated topics:
- the methodology of population biology, especially evolutionary and behavioral ecology;
- the properties of scientific explanations and the role of models in science;
- relations among different fields of science;
- how social factors influence science;
- the history of logical empiricism, especially the work of Otto Neurath.  
The rest  of this document is divided into sections corresponding to these topics.  In each section, I summarize my 
philosophical projects that  are related to the topic in question.  Each summary is followed by a list  of papers  
contributing to those projects, including their abstracts.  The numbering of publications and works in progress is 
chronological.  Notice that  some papers contribute to more than one of my focal topics and are thus listed in more 
than one section.  

THE METHODOLOGY OF POPULATION BIOLOGY
________________________________________________________________________________________________________________________________________________________________________

A dominant  theme in my research is investigation of the methodology of population biology, and especially 
evolutionary and behavioral ecology.  With my dissertation I began a project  evaluating the role of optimality 
models in population biology.  Optimality models represent  the role of selection acting on phenotypic traits in 
evolutionary change and neglect specific genetic influences and other non-selective factors.  In (3) I defend the 
optimality approach against  the charge that  it  is wedded to any problematic form of adaptationism.  In (2) and (4) 
I defend the continuing usefulness of the optimality approach in biology on the grounds of its role in evolutionary 
explanations, and in (4) I also position this approach relative to population genetic models.  This focus on the 
optimality approach led to additional work on its close cousin, evolutionary game theory.  In (10) I argue that the 
classic picture of what evolutionary game theory represents artificially limits its applicability and overemphasizes 
the discontinuity between human rational behavior and evolved traits.  In that  paper I also clarify and put  into 
perspective Roughgarden’s (2009) proposal for a “two-tier” application of game theory, and in (8) I analyze 
Roughgarden’s proposed “social selection theory” in order to clarify its relationship to existing sexual selection 
theory and accounts of the evolution of cooperation.  Also in response to Roughgarden (2009) and biologists’ 
defenses of game theory and the optimality approach, I argue in (14) that  seemingly ideological disputes in 
biology should instead be interpreted as unproblematic differences in methodology.  Finally, in (2), (4), and (12) I 
consider the nature of explanatory practice in biology and how it influences methodology.  

2. “Optimality Modeling and Explanatory Generality,” Philosophy of Science, 2007, 74(5): 680–691.   
The optimality approach to modeling natural selection has been criticized by many biologists and philosophers of 
biology.  For instance, Lewontin (1979) argues that the optimality approach is a shortcut that will be replaced by 
models incorporating genetic information, if and when such models become available.  In contrast, I think that 
optimality models have a permanent role in evolutionary study.  I base my argument for this claim on what I think 
it takes to best  explain an event.  In certain contexts, optimality and game-theoretic models best explain some 
central types of evolutionary phenomena. 
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3. “Optimality Modeling in a Suboptimal World,” Biology and Philosophy, 2009, 24(2): 183–197.  
The fate of optimality modeling is typically linked to that  of adaptationism: the two are thought  to stand or fall 
together (Gould and Lewontin, 1979; Orzack and Sober, 1994).  I argue here that this is mistaken.  The debate 
over adaptationism has tended to focus on one particular use of optimality models, which I refer to here as their 
strong use.  The strong use of an optimality model involves the claim that selection is the only important influence 
on the evolutionary outcome in question and is thus linked to adaptationism.  However, biologists seldom intend 
this strong use of optimality models.  One common alternative that  I term the weak use simply involves the claim 
that an optimality model accurately represents the role of selection in bringing about the outcome.  This and other 
weaker uses of optimality models insulate the optimality approach from criticisms of adaptationism, and they 
account for the prominence of optimality modeling (broadly construed) in population biology.  The centrality of 
these uses of optimality models ensures a continuing role for the optimality approach, regardless of the fate of 
adaptationism.

4. “Explanatory Independence  and Epistemic Interdependence: A Case  Study of the  Optimality 
Approach,” The British Journal for the Philosophy of Science, 2010, 61(1): 213–233.  
The value of optimality modeling has long been a source of contention amongst population biologists.  Here I 
present  a view of the optimality approach as at once playing a crucial explanatory role and yet also depending on 
external sources of confirmation.  Optimality models are not  alone in facing this tension between their 
explanatory value and their dependence on other approaches; I suspect that the scenario is quite common in 
science. This investigation of the optimality approach thus serves as a case study, on the basis of which I suggest 
that there is a widely felt tension in science between explanatory independence and broad epistemic 
interdependence, and that this tension influences scientific methodology.

8. Essay Review of Roughgarden’s The  Genial  Gene, in “Sex and Sensibility: The  Role of Social Selection,” 
Erika Milam, Roberta Millstein, Angela Potochnik, and Joan Roughgarden, Metascience, 2011, 20(2), 
253-277.  
As detailed in The Genial Gene (2009), Joan Roughgarden's conception of social selection involves twenty-six 
empirical hypotheses regarding the evolution of a variety of traits related to sexual reproduction, gender, and the 
rearing of offspring.  Yet Roughgarden sets out to show something even beyond this array of empirical 
hypotheses.  Her contention is that  cooperation is `basic to biological nature'.  In this paper, I investigate the role 
that this claim plays in Roughgarden's work.  This investigation clarifies the relationship between Roughgarden's 
social selection theory and extant  sexual selection theory.  It  also clarifies the nature of Roughgarden's criticisms 
of other accounts of the evolution of cooperation, including kin selection, reciprocal altruism, and group selection.  
My purpose is twofold: this investigation helps put  social selection theory into perspective, and it analyzes an 
episode of science where broad-scope theoretical claims are plainly entangled with empirical hypotheses.

10. “Modeling Social  and Evolutionary Games,” Studies in History and Philosophy of Biological and 
Biomedical Sciences, 2012, 43(1): 202-208.  
When game theory was introduced to biology, the components of classic game theory models were replaced with 
elements more befitting evolutionary phenomena. The actions of intelligent agents are replaced by phenotypic 
traits; utility is replaced by fitness; rational deliberation is replaced by natural selection. In this paper, I argue that 
this classic conception of comprehensive reapplication is misleading, for it overemphasizes the discontinuity 
between human behavior and evolved traits. Explicitly considering the representational roles of evolutionary 
game theory brings to attention neglected areas of overlap, as well as a range of evolutionary possibilities that  are 
often overlooked. The clarifications this analysis provides are well-illustrated by—and particularly valuable for—
game theoretic treatments of the evolution of social behavior.

12. “Biological  Explanation,” invited contribution  to Philosophical Issues in Biology Education, Springer, 
forthcoming.
Philosophical treatments of scientific explanation have been both complicated and enriched by attention to 
explanatory strategies in biology.  Most basically, whereas traditional philosophy of science based explanation on 
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derivation from laws, there are many biological explanations in which laws play little or no role.  Instead, the field 
of biology is a natural place to turn for support  for a causal approach to explanation.  It  has also been used to 
motivate mechanistic accounts of explanation, as well as criticisms of that approach.  Further, evolutionary 
biology offers resources for addressing questions about  the nature of historical explanation.  In this chapter, I will 
survey ways in which biology has influenced philosophical accounts of scientific explanation, and how those 
accounts in turn provide resources for understanding the range of explanatory styles present in biology.  
Moreover, I will argue that  the aims of biological explanation help make sense of other features of scientific 
practice in biology.  Explanatory aims account  for the continued neglect of some central causal factors, a neglect 
that would otherwise be mysterious.  This is linked to the persistent use of models like evolutionary game theory 
and population genetic models, models that are simplified to the point of unreality.  These explanatory aims also 
offer a way to interpret many biologists’ total commitment to one or another methodological approach, and the 
intense disagreements that result.

14. “Defusing Ideological Defenses in Biology,” under review.
Ideological language is widespread in biology.  Game theory has been defended as a worldview; sexual selection 
theory has been criticized for what  it  posits as basic to biological nature; and evolutionary developmental biology 
is advocated as an alternative, not addition, to traditional evolutionary biology.  Views like these encourage the 
impression of ideological rift.  I advocate an alternative interpretation, whereby many disagreements between 
camps of biologists reflect  unproblematic methodological differences.  This interpretation provides a more 
accurate and more optimistic account of the state of play in the field of biology.  It  also helps diagnose why 
biologists embrace ideological positions. 

SCIENTIFIC EXPLANATION AND THE USE OF MODELS
________________________________________________________________________________________________________________________________________________________________________

A second prominent theme in my research regards the nature of scientific explanation, including issues 
surrounding the explanatory value of idealized models.  This focus thus segues into an interest in the features and 
functions of idealized models in science more generally.  In (4) I show how my research into evolutionary 
explanations that feature selection and ignore genetic and other influences has highlighted what  I see as a tension 
between the scientific aims of corroborating models by comparing their assumptions with data gained from other 
approaches (epistemic interdependence) and leaving simplifying assumptions intact  in order to understand the 
focal features of the system (explanatory independence).  In (5) I challenge the assumptions behind a common 
argument for nonreductive explanation and defend a wholly different argument for pluralism regarding levels of 
explanation.  In (6) I consider Strevens’ (2009) account of explanation, arguing that  it  goes wrong by emphasizing 
the “depth” of an explanation, and that what  Strevens terms “frameworked” explanations rightly preserve a tight 
connection between explanation and the creation of understanding.  The arguments in (4) and (5) invoke the claim 
that explanations are context-dependent, and I make a similar move in (6).  In (13) I argue that  making sense of 
explanatory practice requires accommodating the appeal of explanations in terms of causal patterns, even patterns 
that have exceptions, and that this necessitates factoring in the context of an explanation, viz., the research 
program in which it is formulated.  I then outline and motivate an account of explanation that meets those 
conditions.  Finally, in (11), I suggest that feminist  philosophy of science has resources to offer the current  body 
of research on model-building.  

4. “Explanatory Independence  and Epistemic Interdependence: A Case  Study of the  Optimality 
Approach,” The British Journal for the Philosophy of Science, 2010, 61(1): 213–233.  
The value of optimality modeling has long been a source of contention amongst population biologists.  Here I 
present  a view of the optimality approach as at once playing a crucial explanatory role and yet also depending on 
external sources of confirmation.  Optimality models are not  alone in facing this tension between their 
explanatory value and their dependence on other approaches; I suspect that the scenario is quite common in 
science. This investigation of the optimality approach thus serves as a case study, on the basis of which I suggest 
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that there is a widely felt tension in science between explanatory independence and broad epistemic 
interdependence, and that this tension influences scientific methodology.

5. “Levels of Explanation Reconceived,” Philosophy of Science, 2010, 77(1): 59–72. 
A common argument  against explanatory reductionism is that higher-level explanations are sometimes or always 
preferable because they are more general than reductive explanations.  Here I challenge two basic assumptions 
that are needed for this argument to succeed.  It  cannot be assumed that  higher-level explanations are more 
general than their lower-level alternatives, nor that  higher-level explanations are general in the right  way to be 
explanatory.  I suggest a novel form of pluralism regarding levels of explanation, according to which explanations 
at  different  levels are preferable in different  circumstances because they offer different  types of generality, which 
are appropriate in different circumstances of explanation. 

6. “Explanation and Understanding: An Alternative to Strevens’ Depth,” The European Journal for the 
Philosophy of Science, 2011, 1(1): 29-38. 
In Depth (2009), Michael Strevens offers an account  of causal explanation according to which explanatory 
practice is shaped by counterbalanced commitments to representing causal influence and abstracting away from 
overly specific details.  Here I outline Strevens’ approach to event explanation and raise one concern with that 
account.  I argue that  what Strevens calls explanatory frameworks figure prominently in explanatory practice 
because, contrary to Strevens’ view, they actually improve explanations.  This suggestion is simple but has far-
reaching implications.  It  affects the status of explanations that  cite multiply realizable properties; the explanatory 
role of causal factors with small effect; and Strevens’ titular explanatory virtue, depth.  This results in greater 
coherence with explanatory practice and accords with the emphasis that Strevens places on explanatory patterns.  
Ultimately, my suggestion preserves a tight connection between explanation and the creation of understanding.

11. “Feminist Implications  of Model-Based Science,” Studies in History and Philosophy of Science, 
forthcoming.
Recent philosophy of science has witnessed a shift in focus, in that significantly more consideration is given to 
how scientists employ models.  Attending to the role of models in scientific practice leads to new questions about 
the representational roles of models, the purpose of idealizations, why multiple models are used for the same 
phenomenon, and many more besides.  In this paper, I suggest that  these themes resonate with central topics in 
feminist epistemology, in particular prominent versions of feminist  empiricism, and that model-based science and 
feminist epistemology each has crucial resources to offer the other's project. 

13. “Non-Causal Features  of Causal  Explanations,” revise and resubmit from Australasian Journal  of 
Philosophy.  
Causal accounts of scientific explanation are currently broadly accepted (though not universally so).  My first task 
in this paper is to show that, even for a causal approach to explanation, significant features of explanatory practice 
are not determined by settling how causal facts bear on the phenomenon to be explained.  Some explanations that 
are not  patently causal are preferred over more overtly causal explanations; explanations can vary even when the 
causes do not; and some causal factors do not  explain their effects.  All of this suggests that  providing causal 
information simpliciter cannot  be the only goal nor the only requirement of a scientific explanation.  In the 
remainder of the paper, I develop a broadly causal approach to explanation that accounts for the additional 
features that I will argue an explanation should have.  The resulting approach to explanation accounts for several 
aspects of actual explanatory practice, including the widespread use of equilibrium explanations, the formulation 
of distinct explanations for a single event, and the relationship between explanations of events and explanations of 
causal regularities. 
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RELATIONS AMONG FIELDS OF SCIENCE
________________________________________________________________________________________________________________________________________________________________________

I am also interested in debates about the unity or disunity of science.  In the process of recasting the debate over 
levels of explanation in (5), I question the significance of supervenience for the relationships among fields of 
science.  In (9), with the help of a macroecologist, Brian McGill, I argue that nearly all implications taken to 
follow from the classic conception of levels of organization fail to obtain; we propose as an alternative mode of 
comparison scale and the distinctions among quasi-levels this enables.  In (4) and (7) I propose that a very 
different  type of relationship unifies the disparate fields of science.  In (4) I argue that the prevalence of complex 
causal interactions necessitates the epistemic interdependence of disparate scientific investigations.  In (7) I argue 
that such collaboration grounds a conception of the unity of science in the spirit  of Neurath’s unified science; that 
this accomplishes much of what reductive unity of science was supposed to; and that it  is not susceptible to the 
criticisms of those who advocate the disunity of science.  

4. “Explanatory Independence  and Epistemic Interdependence: A Case  Study of the  Optimality 
Approach,” The British Journal for the Philosophy of Science, 2010, 61(1): 213–233.  
The value of optimality modeling has long been a source of contention amongst population biologists.  Here I 
present  a view of the optimality approach as at once playing a crucial explanatory role and yet also depending on 
external sources of confirmation.  Optimality models are not  alone in facing this tension between their 
explanatory value and their dependence on other approaches; I suspect that the scenario is quite common in 
science. This investigation of the optimality approach thus serves as a case study, on the basis of which I suggest 
that there is a widely felt tension in science between explanatory independence and broad epistemic 
interdependence, and that this tension influences scientific methodology.

5. “Levels of Explanation Reconceived,” Philosophy of Science, 2010, 77(1): 59–72. 
A common argument  against explanatory reductionism is that higher-level explanations are sometimes or always 
preferable because they are more general than reductive explanations.  Here I challenge two basic assumptions 
that are needed for this argument to succeed.  It  cannot be assumed that  higher-level explanations are more 
general than their lower-level alternatives, nor that  higher-level explanations are general in the right  way to be 
explanatory.  I suggest a novel form of pluralism regarding levels of explanation, according to which explanations 
at  different  levels are preferable in different  circumstances because they offer different  types of generality, which 
are appropriate in different circumstances of explanation. 

7. “A Neurathian Conception of the Unity of Science,” Erkenntnis, 2011, 34(3): 305–319.  
An historically important  conception of the unity of science is explanatory reductionism, according to which the 
unity of science is achieved by explaining all laws of science in terms of their connection to microphysical laws. 
There is, however, a separate tradition that advocates the unity of science. According to that  tradition, the unity of 
science consists of the coordination of diverse fields of science, none of which is taken to have privileged 
epistemic status. This alternate conception has roots in Otto Neurath’s notion of unified science. In this paper, I 
develop a version of this coordination approach to unity and discuss its connection to Neurath’s views. The 
resulting conception of the unity of science achieves some aims similar to those of explanatory reductionism, but 
does so in a radically different  way. As a result, it is immune to the criticisms of explanatory reductionism. This 
conception of unity is also importantly different from the view that science is disunified, and I conclude by 
demonstrating how the coordinate unity of science accords better with scientific practice than do conceptions of 
the disunity of science.

9. “The  Limitations of Hierarchical  Organization,” with Brian McGill, Philosophy of Science, 2012, 79(1): 
120-140.  Primary authorship.  
The concept  of hierarchical organization is commonplace in science. Subatomic particles compose atoms, which 
compose molecules; cells compose tissues, which compose organs, which compose organisms; etc. Hierarchical 
organization is particularly prominent in ecology, a field of research explicitly arranged around levels of 
ecological organization. The concept of levels of organization is also central to a variety of debates in philosophy 

Angela Potochnik                                                                           Research Summary

Page 5 of 7



of science. Yet many difficulties plague the concept  of discrete hierarchical levels. In this paper, we show how 
these difficulties undermine various implications ascribed to hierarchical organization, and we suggest  the 
concept of scale as a promising alternative to levels. Investigating causal processes at  different scales offers a way 
to retain a notion of quasi-levels that avoids the difficulties inherent in the classic concept of hierarchical levels of 
organization. Throughout, our focus is on ecology, but the results generalize to other invocations of hierarchy in 
science and philosophy of science.

INFLUENCE OF SOCIAL FACTORS ON SCIENCE
________________________________________________________________________________________________________________________________________________________________________

My interests in feminist  philosophy of science as well as the history of logical empiricism have led me to consider 
the role of social factors in science.  In (8) I analyze the role in Roughgarden’s (2009) research program played by 
the claim that cooperation is “basic to biological nature.”  In (11) I suggest that contemporary versions of feminist 
empiricism and current  discussions about scientific modeling each has resources to offer the other’s projects; 
taking both into account  is a step toward fully articulating the roles that social values play in science.  Finally, I 
am planning a conference for October 2012 and a subsequent edited volume on the topic of socially engaged 
philosophy of science (15).  

8. Essay Review of Roughgarden’s The  Genial  Gene, in “Sex and Sensibility: The  Role of Social Selection,” 
Erika Milam, Roberta Millstein, Angela Potochnik, and Joan Roughgarden, Metascience, 2011, 20(2), 
253-277.  
As detailed in The Genial Gene (2009), Joan Roughgarden's conception of social selection involves twenty-six 
empirical hypotheses regarding the evolution of a variety of traits related to sexual reproduction, gender, and the 
rearing of offspring.  Yet Roughgarden sets out to show something even beyond this array of empirical 
hypotheses.  Her contention is that  cooperation is `basic to biological nature'.  In this paper, I investigate the role 
that this claim plays in Roughgarden's work.  This investigation clarifies the relationship between Roughgarden's 
social selection theory and extant  sexual selection theory.  It  also clarifies the nature of Roughgarden's criticisms 
of other accounts of the evolution of cooperation, including kin selection, reciprocal altruism, and group selection.  
My purpose is twofold: this investigation helps put  social selection theory into perspective, and it analyzes an 
episode of science where broad-scope theoretical claims are plainly entangled with empirical hypotheses.

11. “Feminist Implications  of Model-Based Science,” Studies in History and Philosophy of Science, 
forthcoming.
Recent philosophy of science has witnessed a shift in focus, in that significantly more consideration is given to 
how scientists employ models.  Attending to the role of models in scientific practice leads to new questions about 
the representational roles of models, the purpose of idealizations, why multiple models are used for the same 
phenomenon, and many more besides.  In this paper, I suggest that  these themes resonate with central topics in 
feminist epistemology, in particular prominent versions of feminist  empiricism, and that model-based science and 
feminist epistemology each has crucial resources to offer the other's project. 

15. Socially Engaged Philosophy of Science, edited volume in conjunction with conference in  Oct. 2012, in 
preparation.  
I am organizing a conference for Oct 11-13, 2012, on the topic of socially engaged philosophy of science.  The 
conference is sponsored by the Taft  Research Center; the Philosophy Department; Women’s Gender, and 
Sexuality Studies; Communications; and Anthropology.  It  should thus draw a strongly interdisciplinary audience.  
Nine invited speakers will present research related to science policy, the use of science in policy-making and 
politics, public education about science, the social context of science, the role of social values in science, and how 
philosophy of science itself has been influenced by politics.  I plan to edit a volume of collected papers based on 
the conference; a number of conference participants have indicated interest in contributing to the volume.  
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HISTORY OF LOGICAL EMPIRICISM
________________________________________________________________________________________________________________________________________________________________________

Although I primarily work on contemporary problems in philosophy of science and philosophy of biology, many 
of those projects are conditioned by an interest in the history of logical empiricism.  A small part of my research 
directly engages with that  history, and especially the work of Otto Neurath.  In (1) Audrey Yap and I dispute 
Galison’s (1990, 1996) construal of the relationship between the Vienna Circle and the Dessau Bauhaus school of 
architecture on the grounds that  it  does not properly relate to Neurath’s philosophical projects.  In (7) I argue that 
Neurath’s view of unified science grounds a tradition of what I term “coordinate” conceptions of the unity of 
science that is distinct from, and more promising than, explanatory reductionism.  

1. “Revisiting Galison’s ‘Aufbau/Bauhaus’ in Light of Neurath’s  Philosophical  Projects,” with Audrey Yap, 
Studies in History and Philosophy of Science, 2006, 37(3): 469–488.  Equal authorship. 
Historically, the Vienna Circle and the Dessau Bauhaus were related, with members of each group familiar with 
the ideas of the other.  Peter Galison argues that their projects are related as well, through shared political views 
and methodological approach.  The two main figures that  connect the Vienna Circle to the Bauhaus—and the 
figures upon which Galison focuses—are Rudolf Carnap and Otto Neurath.  Yet the connections that Galison 
develops do not properly capture the common themes between the Bauhaus and Neurath’s philosophical projects.  
We demonstrate this by considering Neurath’s philosophical commitments.  We suggest  different  connections 
between Neurath’s projects and the Bauhaus, connections that  are both substantive and philosophically 
interesting.

7. “A Neurathian Conception of the Unity of Science,” Erkenntnis, 2011, 34(3): 305–319.  
An historically important  conception of the unity of science is explanatory reductionism, according to which the 
unity of science is achieved by explaining all laws of science in terms of their connection to microphysical laws. 
There is, however, a separate tradition that advocates the unity of science. According to that  tradition, the unity of 
science consists of the coordination of diverse fields of science, none of which is taken to have privileged 
epistemic status. This alternate conception has roots in Otto Neurath’s notion of unified science. In this paper, I 
develop a version of this coordination approach to unity and discuss its connection to Neurath’s views. The 
resulting conception of the unity of science achieves some aims similar to those of explanatory reductionism, but 
does so in a radically different  way. As a result, it is immune to the criticisms of explanatory reductionism. This 
conception of unity is also importantly different from the view that science is disunified, and I conclude by 
demonstrating how the coordinate unity of science accords better with scientific practice than do conceptions of 
the disunity of science.
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1. Introduction

This paper has two aims, for two audiences. For those who
examine how social values find their way into the products of sci-
ence, I aim to show that the features of what has been termed
model-based science are central to that project. For those who at-
tend to the role of models in scientific practice, I aim to show that
themes of feminist epistemology—particularly the views labeled
feminist empiricism—provide necessary parts of a full picture of
model-based science. Scientific models and the role of social values
both are themes in recent philosophy of science, but these topics
have largely been treated independently. Much stands to be gained
from developing views on these topics in tandem.

The potential for expansion can be illustrated by a current de-
bate in evolutionary biology about sexual selection theory. At its
most basic, sexual selection theory posits competition among
members of the same sex (and the same species) for mating oppor-
tunities with members of the opposite sex, and it is associated with
a variety of further hypotheses surrounding the evolution of sex
and sex-linked traits. Roughgarden (2009) criticizes sexual selec-
tion theory on a variety of grounds, and she suggests what she
terms ‘‘social selection theory’’ as an alternative. Roughgarden pos-
ll rights reserved.

rden’s project.
its that the traits that sexual selection theory is supposed to ex-
plain are better understood as adaptations to a range of social
interactions, including mating, but also including offspring-rearing,
coalition-building, etc., and that these interactions often lead to
cooperative outcomes.1

Elements of this debate suggest that what is at issue is the
choice among competing modeling approaches. Sexual selection
theorists advocate extending and revising the traditional sexual
selection framework to accommodate scenarios that do not appear
to conform to it (e.g. Clutton-Brock, 2009). Roughgarden instead
proposes that a wholly different modeling approach better repre-
sents the evolution of sex and reproduction. At issue is a disagree-
ment over whether sexual and reproductive traits generally
conform to a pattern of cooperation or conflict. On this interpreta-
tion, sexual selection theory and Roughgarden’s alternative social
selection theory are proposed modeling approaches with similar
ranges of target phenomena and different representations of the
targets’ key features. This is an ongoing episode of science, so the
resolution is not yet known. Notice, though, that both sexual selec-
tion theory and social selection theory may be accurate to some
degree, with each representing certain features of the evolution
of sex and reproduction. Indeed, Roughgarden allows that some

http://dx.doi.org/10.1016/j.shpsa.2011.12.033
mailto:angela.potochnik@uc.edu
http://dx.doi.org/10.1016/j.shpsa.2011.12.033
http://www.sciencedirect.com/science/journal/00393681
http://www.elsevier.com/locate/shpsa
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traits are best described in terms of competition, and sexual selec-
tion theorists grant that not all mating behavior matches the clas-
sic sexual selection scenario (Clutton-Brock, 2007).

Yet this construal omits an important element of the debate,
which comes to light when one considers why Roughgarden places
such emphasis on cooperation. Roughgarden is clear on this point:
she values cooperation and regard for others, which inspires her to
reexamine evolutionary phenomena presumed to be explained by
sexual conflict (Roughgarden, 2009; Roughgarden, in conversa-
tion). Social values are thus explicitly invoked in this debate. Each
side accuses the other of imposing a favored worldview by privi-
leging cooperation or conflict (Coyne, 2004; Roughgarden, 2009).
However, as I pointed out above, it may be that sexual selection
theory and Roughgarden’s social selection theory are both success-
ful modeling strategies. There is a puzzle, then, in how to account
for the role of social values in this episode of science, since they do
not lead to directly opposed empirical claims.

Near the end of this paper, I suggest an interpretation of the
sexual selection/social selection debate that integrates both of
these elements. That interpretation serves to illustrate the implica-
tions of model-based science for feminist epistemology, and vice
versa. To get there, I first develop parallels between philosophical
treatments of model-based science and a prominent approach to
feminist epistemology of science (Section 2). These parallels pro-
vide mutual support for some of the considerations of feminist
epistemology and scientific modeling; they also offer promising
interpretations of some projects of feminist epistemology, and
valuable extensions of accounts of model-based science. Then, in
Section 3, I use insights from model-based science to help motivate
the expansion of feminism into non-epistemic elements of philos-
ophy of science, including model-construction, idealization, the
selection of causal variables, and scientific explanation.2 Indeed,
the expansion is bidirectional, for feminist philosophy of science is
well-situated to provide conceptual resources for model-based sci-
ence as well.

2. Approaches to pluralism: models and feminism

2.1. Model-based science

Over the past several decades, models have received increasing
attention in philosophy of science. However, coverage is somewhat
fractured among distinct literatures, and the term ‘‘model’’ has
been used in different ways for different projects. Models initially
rose in prominence with the emergence of the semantic theory of
science (Suppe, 1977), and in van Fraassen’s (1980) formulation of
constructive empiricism.3 In both uses, models were taken to be
mathematical structures that serve as interpretations of scientific
theories—viz., models in the logicians’ sense. Giere (1988) took a
somewhat different view of models, starting from the overt idealiza-
tions prominent in science textbooks—frictionless pendulums,
bodies subject to no external forces, etc. Giere too notes the overlap
with the terminology of logicians, for whom a model is an object sat-
isfying some set of axioms. Nonetheless he is critical of van Fraas-
sen’s idea that models should be isomorphic to real-world
systems, suggesting instead that the important relationship between
models and reality is one of similarity.

Giere’s (1988) view of the role of models in science inspired an-
other literature on scientific modeling, one that is prominent in
2 The term ‘‘epistemic’’ has multiple meanings in philosophy of science. Throughout this
for truth, viz., related to scientific epistemology. Hence I label ‘‘non-epistemic’’ all other asp
on science, i.e. the properly epistemic from the social/non-epistemic; I do not use that ter

3 Though see also Hesse (1966) for an early account of models in science.
4 Note, however, that models are also still discussed in connection with the semantic v

Smith (2006) discusses the differences between these treatments.
current philosophy of science.4 This tradition emphasizes models’
incorporation of abstractions and idealizations, and thus only partial
representation of real-world systems. Early inspiration for this ap-
proach was also drawn from Levins (1966), who addresses popula-
tion biology in particular, as well as Wimsatt (1987). Emphasis is
placed on accounting for the role of models in actual scientific prac-
tice, including how models can be employed independently of the-
ory or without the aim of immediately representing a real-world
system. A focus on modeling brings to the fore non-epistemic ques-
tions about science (Giere, 1988), including the nature of representa-
tion, the purpose of idealization, the explanatory roles of models,
and others.

In this paper, my focus is model-based science: a distinctive ap-
proach to doing science that is based on the construction and anal-
ysis of models (Godfrey-Smith, 2006; Weisberg, 2007b). Giere
(1988) points out that observations of science as it is practiced
shows that models occupy center stage. Indeed, most philosophical
treatments of model-based science are committed to reflecting ac-
tual scientific practice. For example, both Levins (1993) and
Odenbaugh (2003) appeal to the accurate representation of scien-
tific practice as part of their defense of the existence of tradeoffs
among modeling approaches (both in response to Orzack and So-
ber, 1993). Additionally, though Giere (1988) addresses physics,
the discussion of model-based science has largely focused on biol-
ogy (e.g. Beatty, 1980a,b; Plutynski, 2000, in addition to Levins,
1966, 1993; Orzack and Sober, 1993; Odenbaugh, 2003).

The prominent aspects of model-based science addressed by
philosophers stem from a focus on representation—roughly, the
similarity relation that Giere (1988) posits between a model and
a real-world system. Godfrey-Smith (2006) and Weisberg
(2007b) contrast direct and indirect representation. In what Weis-
berg terms abstract direct representation, the aim is simply to de-
scribe an actual system in order to investigate it directly. In
contrast, the aim of modeling is to indirectly represent a real-world
system by describing a simpler, hypothetical system and investi-
gating that simpler system, in order to draw conclusions about
the actual system of interest. Broadly, scientific models are treated
as a kind of intermediary—between investigations and the world in
their role as indirect representations, and between explanations
and the world insofar as they are used to generate understanding
(Cartwright, 1983; Woodward, 2003).

In virtue of the strategy of indirect representation, models often
represent their target systems only partially. They bear some fea-
tures in common, while others are neglected or falsified. This is
accomplished via the use of abstractions—the neglect of some fea-
tures—or idealizations—incorporating unrealistic features (Wim-
satt, 1987; Weisberg, 2007a; Batterman, 2009). It is thus
common to employ a variety of models, with different combina-
tions of simplifying assumptions, and to use comparisons to help
distinguish central features of the models from artifacts of the ide-
alizations. This is called robustness analysis (Levins, 1966; Wim-
satt, 1981; Weisberg, 2006b). There is also the question of
whether different desiderata, such as generality and accuracy, call
for the development of different types of models—i.e., whether
there are tradeoffs among the aims of models (Levins, 1993; Mat-
thewson and Weisberg, 2009; Odenbaugh, 2003; Orzack and Sober,
1993). In what follows, I explore how these and related features of
model-based science resonate in valuable ways with feminist ap-
proaches to philosophy of science.
paper I employ the term simply to refer to the aspects of science related to the search
ects of science. The term is alternatively used to distinguish among types of influences
minology nor that distinction here.

iew (da Costa & French, 2000) and undoubtedly in other literatures as well. Godfrey-
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2.2. Parallels with feminist empiricism

The past several decades have witnessed a variety of feminist
concerns about and approaches to epistemology and science. A
range of very different views all go by the name of feminist episte-
mology or philosophy of science.5 Two types of views are particu-
larly relevant to the current project: feminist empiricism and
standpoint epistemology. Early versions of feminist empiricism of-
fered the most conservative feminist approach to science. Their
aim was to show how sexism and other social biases have permeated
science and to appeal to traditional scientific norms of objectivity
and empiricism to correct such biases. A stronger alternative is
standpoint epistemology, according to which women and others tra-
ditionally occupying disadvantaged social roles may gain epistemic
privilege by reflecting on their subjugation. This is a less conserva-
tive position, for it introduces considerations that warrant revisiting
traditional scientific norms. Several more recent feminist epistemol-
ogies have moved toward a middle ground between the classic ver-
sions of feminist empiricism and standpoint theory (Intemann,
2010), including the recent articulations of feminist empiricism on
which I will focus in this paper.

Longino (1990, 2001) and Nelson (1990) have developed influ-
ential versions of feminist empiricism. Whereas it has often been
assumed that social influences can only undermine scientific
objectivity, thereby resulting in bad science, Longino and Nelson
attempt to reconcile the ubiquity of social and cultural influences
on science with the achievement of objectivity. Central both to
Longino’s and Nelson’s accounts is the role played by communities
in science. According to Nelson, communities are in fact the
‘‘knowers’’—the entities that acquire knowledge. Social values
shape community practices, so values in turn find their way into
scientific practice. This can occur as influence on what studies
are undertaken, in judgments of theories’ prima facie plausibility,
in what standards of evidence are accepted, and in how underde-
termination among competing theories is resolved. Longino
(2001) investigates how social values influence the range of
assumptions that mediate the relationship between hypotheses
and data. In Longino’s view, it is those assumptions, and the related
research goals, that actually define a scientific community.

Yet there is a difference between how Longino and Nelson envi-
sion the role of community in science. Both stress that the influ-
ence of social values on science is subject to critical scrutiny, but
they differ on how that critical scrutiny plays out. Longino’s plural-
ism arises from her commitment to ‘‘local epistemologies.’’ This is
the idea that many distinct communities exist within science, each
governed by their own epistemic commitments, arising from their
own background assumptions and goals. Some epistemic stan-
dards, such as empirical adequacy, transcend individual subcom-
munities, enabling each subcommunity’s theories and methods
to be subject to external criticism. Yet, because subcommunities
differ in other epistemic commitments, there persists a plurality
of theories and methods. These epistemic subcommunities thus
embody the limits of empirical determination. In contrast, Nelson
emphasizes the contiguity of the scientific community with the
broader community; for her, the community of science is in fact
the solution to the limits of empiricism.

Other features of Longino’s and Nelson’s accounts will emerge
later in this discussion. For both, their versions of feminist empir-
icism at once adhere to the norm of evidence-driven science and
yet authorize a role for social values in science. The resulting view
resonates in interesting ways with the account of model-based sci-
5 The terms ‘‘feminist epistemology’’ and ‘‘feminist philosophy of science’’ are largely us
science, the questions of what counts as evidence, and what the relationship is between t

6 Generality is here understood as Weisberg’s p-generality (Weisberg, 2006a), viz., in te
equivalent to the abstractness of a model; see Potochnik (2010b) for elaboration on this p
ence surveyed in Section 2.1. Moreover, feminist empiricism and
model-based science are well-positioned to offer support and the-
oretical advancement for each others’ purposes, in virtue of their
connections and parallels.

Like the literature on scientific modeling, feminist epistemology
has focused largely on biology and the social sciences (e.g. Fox Kel-
ler, 1983; Harding and Hintikka, 1983). Additionally, as both Long-
ino and Nelson stress, the goal of feminist epistemology is to
attend to science as it is actually practiced, instead of merely con-
sidering a disembodied set of theories. These two similarities with
treatments of model-based science are superficial, but they are not
insignificant. Focusing on actual scientific practice, as it plays out
in a variety of fields of sciences, leads away from a monolithic, ‘‘ra-
tional reconstruction’’ view of science, and toward views that can
accommodate a variety of scientific approaches and goals. This is
consistent with the aims of feminist epistemology and the aims
of the literature on model-based science.

Feminist epistemology and accounts of model-based science
also employ somewhat parallel approaches to making sense of this
variety of scientific approaches and goals. The recognition that
model-based science requires simplifying idealizations is similar
to feminist discussions of ‘‘framework assumptions,’’ such as rep-
resenting humans as self-interested rational agents (Anderson,
2010; Longino, 1990). Feminist epistemologists see this as one as-
pect of science that is influenced by social values. Another per-
ceived role for social values is as an influence on the ‘‘epistemic
virtues’’ of scientific theories, and how these virtues are weighted
(Longino, 2001). Widely endorsed epistemic values such as the
simplicity, generality, and even the empirical adequacy of theories
are, according to Longino, actually special to particular scientific
communities. A scientific community selects the epistemic virtues
to which it subscribes, and this choice is influenced by the aims
and values the group has inherited. Longino points out that even
empirical adequacy is negotiable, for one may choose to sacrifice
some precision or accuracy to satisfy an alternate epistemic virtue
(185, 186). This last point is strongly reminiscent of the literature
on tradeoffs in model-based science. The idea of tradeoffs is in-
spired by Levins’ (1966) view that models in population biology
cannot be at once maximally accurate, precise, and general. This
point has been used to motivate the idea that some models should
sacrifice a degree of precision to purchase greater realism and gen-
erality, which enables them to represent a broader range of similar
systems (Weisberg, 2006a). Treatments of model-based science
thus share with feminist philosophy of science the recognition that
simplifying assumptions are rampant and ineliminable from sci-
ence, and the related idea that some precision or realism may be
sacrificed to further other scientific goals.

This parallel also provides an opportunity for feminist philoso-
phy of science to motivate an extension of accounts of model-
based science. Tradeoffs among modeling desiderata is a plausible
framework for interpreting Longino’s view that commitments to
epistemic virtues differ among sub-communities of science, at
least in part because of divergent social values. Weisberg (2006a)
focuses on the choice to sacrifice some precision in order to in-
crease the generality of a model, on the grounds that this results
in models that are well-suited to serve as explanations. Yet this
is but one possible type of tradeoff. Another is, for instance, the
choice to sacrifice some generality in order to increase the realistic
representation of complex, highly variable interactions.6 This can
be seen as a preference for complexity over simplicity, one of the
non-traditional epistemic virtues Longino discusses. Other things
ed interchangeably (e.g. Anderson, 2010). The question of how we know becomes, for
heory and evidence. These are the primary concern of feminist theories of science.
rms of range of applicability to possible systems. I take this form of generality to be
oint.
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equal, a more abstract model will have fewer parameters: it will be
simpler and, in virtue of lower expectations of fidelity, applicable to
a broader range of systems. Additional parameters enable a more
realistic, higher fidelity representation of a complex system, but this
also will decrease the model’s generality. Which approach should be
pursued depends on the modeler’s aims and can be influenced by
weighing commitments to simplicity versus attending to complex
interactions, i.e., two of the conflicting epistemic virtues Longino de-
scribes. This is an extension of the account of tradeoffs central to
model-based science, but in my view, a highly plausible extension.7

Model-based science is also well-situated to provide a plausible
interpretation of Longino’s claim that adherence to different epi-
stemic virtues provides ‘‘different knowledge’’ about a single phe-
nomenon (Longino, 2001, p. 189).8 Modeling, in contrast to abstract
direct representation, leads to the deemphasis of complete accuracy,
and accordingly, of truth. According to Giere (1988),

That theoretical hypotheses can be true or false turns out to be
of little consequence. To claim a hypothesis is true is to claim no
more or less than that an indicated type and degree of similarity
exists between a model and a real system. We can therefore for-
get about truth and focus on the details of the similarity (81).

With this shift, it is easy to imagine how commitments to different
epistemic virtues could lead to ‘‘different knowledge,’’ as Longino
phrases it. Different models will represent different features of a
system, at different degrees of abstraction; they will employ differ-
ent idealizations; and they will generalize to different ranges of
other systems. On this interpretation, a commitment to the idea
that different values generate different scientific knowledge about
a single phenomenon does not involve granting the truth of multi-
ple claims that are mutually inconsistent. Instead, it amounts to the
much less problematic idea that multiple models provide different
representations of the target system.

This interpretation of Longino’s view makes clear that both fem-
inist science and model-based science are committed to the persis-
tence of multiple approaches. Longino (2001) says, ‘‘local
epistemologies enable us to think of situations characterized by a
plurality of theories and models in a pluralist framework, rather
than as a sign of the immaturity of a given field of research’’ (188).
On this view, Kuhn (1962) was wrong to see a plurality of ap-
proaches as a sign that a field has not yet reached normalcy; it is in-
stead a permanent feature of science. Model-based science
embodies this pluralism. Multiple modeling approaches persist be-
cause they satisfy different representational aims; accomplish dif-
ferent tradeoffs among opposed virtues like generality, accuracy,
and precision; and allow for comparisons among models with differ-
ent assumptions, such as occurs with robustness analysis. This echos
feminist empiricists’ analysis of how social values influence the pro-
duction of science: in the choice of causal variables to focus upon
(Longino, 1990), in what epistemic virtues are adopted, and in
how they are weighted (Longino, 2001), all of which are open to both
internal and external critique. It also offers an interpretation of the
epistemic interdependence that Nelson (1990) emphasizes.9

With this pluralism also comes a shared emphasis on situated,
or perspectival, knowers and knowledge (cf. van Fraassen, 2008).
This helps to motivate feminist epistemologists’ emphasis on
first-person and embodied knowledge, and the importance of sci-
ence performed by individuals with a range of cognitive styles
(Anderson, 2010). Social epistemology is thus a natural bedfellow
of model-based science. Wimsatt (1987) sums up why this would
be; he says, ‘‘any model must make some assumptions and simpli-
7 Further support for this extension is provided by the discussion in Section 3 of social
explanation, attending to different causal patterns in pursuit of explanation will lead to d

8 Indeed, Longino (2000, chap. 17) discusses how a focus on scientific modeling increas
9 A case study of epistemic interdependence for models of evolution by natural selectio
fications, many of which are problematic, so the best working
hypothesis would be that there are no bias free models in science’’
(24). Feminist epistemology can provide the resources to manage
this rampant bias accompanying model-based science. On the ac-
counts of feminist empiricism considered here, problematic sim-
plifications and assumptions are controlled for by the
development of models with contrary simplifications and assump-
tions. The differently biased models developed by differently situ-
ated scientists maintain a pluralistic science, but they also provide
a route to (community) knowledge and objectivity.

In turn, accounts of model-based science offer a way to concep-
tualize the mediation of disagreements among different local epis-
temologies. By deemphasizing truth in favor of similarity relations,
models distance themselves from absolute epistemic commit-
ments. If researchers are aware of the simplifying assumptions they
make, this leads to an appreciation of the limited representational
roles of their models, which facilitates openness to other modeling
approaches. This enables a sort of detachment from absolute claims
about real-world dynamics. Godfrey-Smith (2006) suggests that,

When much day-to-day discussion is about model systems, dis-
agreement about the nature of a target system is less able to
impede communication. The model acts as a buffer, enabling
communication and cooperative work across scientists who
have different commitments about the target system (739).

This is how, for example, biologists can usefully discuss the dynam-
ics of a game theory model of animal behavior, though they dis-
agree on the significance of the model for actual evolutionary
history. Thus, model-based science can facilitate communication
and mediate disagreements in a pluralistic scientific community
by distancing modeling approaches from truth-claims. This allows
alternate approaches to be acknowledged and models to be fruit-
fully discussed, even in the face of disagreements about their
applications.

I have suggested several parallels and mutual supports between
feminist empiricism and model-based science; these are summa-
rized in Table 1. The parallels begin with a shared focus on actual
scientific practice as it plays out in a variety of fields. This leads to
an appreciation for the variety of approaches employed, and how
each offers, at best, partially successful representation instead of
total accuracy. Simplifying idealizations, also termed framework
assumptions, are inescapable. Multiple modeling approaches, with
different representational aims, thus can simultaneously flourish,
for each provides different perspectival knowledge. Here feminist
empiricism has something to offer accounts of model-based sci-
ence. Feminist empiricism’s conception of the commitments scien-
tific communities have to different epistemic virtues provides a
reason to expect divergences in modeling aims, what aspects of a
target system are focused upon, and what similar systems inform
the inquiry. All lead to different tradeoffs among modeling desider-
ata. Moreover, feminist epistemologists emphasize that these are
all avenues for social values to exert influence on science. Yet plu-
ralism in science simultaneously exerts a corrective influence on
biases, and here accounts of model-based science supplement fem-
inist analyses. A multiplicity of modeling approaches makes room
for models with opposed assumptions and idealizations. These are
helpful in demonstrating how conclusions depend upon specific,
problematic assumptions, and which conclusions are robust across
a range of assumptions. Finally, this pluralism allows disagree-
ments about ultimate truths of the world to persist, even as there
is agreement on the partial success of a variety of models.
values’ influence on explanatory practice. Insofar as tradeoffs are made to facilitate
ifferent types of tradeoffs.
es the plausibility of this idea.
n is detailed in Potochnik (2010a).



Table 1
Parallels between accounts of model-based science and feminist empiricism.

Model-based science Feminist empiricism

Simplifying idealizations Framework assumptions
Modeling tradeoffs Weighing of epistemic virtues
Different representational aims Different knowledge
Multiple modeling approaches Variety of local epistemologies
Multiple models with competing

assumptions
Importance of a range of cognitive
styles

Agreement about models;
disagreement about target systems

Communication among divergent
scientific communities
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3. Beyond feminist epistemology

There is something of a mismatch that accompanies the
parallels I outlined above between feminist empiricism and
model-based science. Though each resonates with—and can offer
conceptual resources to—the other, feminist empiricism is a view
about the epistemology of science, whereas model-based science
draws attention toward a variety of non-epistemic features of sci-
entific practice. This does not undermine the connection between
feminist epistemology and the philosophical literature on model-
ing. Instead it provides an opportunity for the expansion of the role
of feminism in philosophy of science.

The core idea of feminist empiricism is that social values play a
proper role in the production of scientific knowledge. The natural
first step of such a program is to demonstrate how social values
influence not just what questions are investigated, but also what
answers are found: hence a feminist epistemology (or epistemolo-
gies). But a similar question about the role of social values can be
asked about other aspects of scientific practice. Attending to mod-
el-based science brings to light a range of non-epistemic aspects of
science that are plausibly influenced by social values, in a manner
consistent with but not exhausted by feminist epistemology.

The elements of model-based science discussed in Section 2.1
serve as an entry point into a range of possibilities. The indirect
representation that models provide makes explicit that researchers
choose which features of a real-world system to represent, and
which to misrepresent with idealizations. This choice is plausibly
guided by background concerns that include social values, whether
consciously or not. This is akin to discussion in feminist philosophy
of science of how social values can influence the choice of causal
variables (Longino, 1990, 2001). Framing this as a choice about rep-
resentation, a feature of models, makes clear that the issue is dis-
tinct from that of what causal factors are posited to exist. There
is a corresponding choice to make regarding not only what features
to idealize, but also the nature of simplifying assumptions to em-
ploy in their stead. This too is a place where social values can exert
an influence distinct from their epistemic influence. A third, related
opportunity for the influence of social values on model-based sci-
ence arises with robustness analysis. Recall from above that
robustness analysis is the comparison of models with different ide-
alizations in order to distinguish important features of the models
from artifacts. The choice of how to vary simplifying assumptions,
and even what features to test for robustness, may bear the mark
of social values.

Consider, for instance, the choice to represent human genes as
comprising a single human genome, as was done in the Human
Genome Project, or as distinct male and female genomes, as some
advocated when the X chromosome was sequenced (Richardson,
2010). Richardson emphasizes that this is not an empirical ques-
tion, but is instead a feature of model-choice. Both involve simpli-
10 Here I have merely sketched one way in which model-based science may be used to (in
instance, develops an account of explanation that assumes models explain, but is not plur
fying idealizations. Representing the human genome as unitary
neglects a range of systematic differences among individuals,
including between males and females, whereas the representation
of distinct male and female genomes treats differences between
sexes as analogous to differences between species. The different
idealizations have non-trivial implications for genomic models.
As Richardson demonstrates, this feature of modeling is plausibly
influenced by social values, such as the desire to emphasize human
diversity or human commonality, or to avert gender essentialism.

Scientific explanation is another non-epistemic aspect of sci-
ence into which model-based science can offer inroads for feminist
analysis. Explicit discussion of explanation is present in some fem-
inist approaches to science, including in both Longino’s and Nel-
son’s accounts. Yet missing from those discussions is a treatment
of explanation that is independent of scientific epistemology and
theory confirmation. Different questions arise for scientific expla-
nations than those surrounding the corroboration of hypotheses
and theories, and the attributes of good explanations may differ
from the attributes of well-corroborated theories. For instance, So-
ber (2003) argues that unification can be a valid criterion for judg-
ing the truth of a theory, but not for judging explanatory worth.
More broadly, I argue elsewhere that formulating explanations
and confirming theories play very different roles in science and,
accordingly, motivate different, even opposed, practices (Potoch-
nik, 2010a). Thus, I suggest that a full-fledged feminist approach
to scientific explanation will be independent of feminist epistemol-
ogy. Explaining via models enables a move in that direction.

Many have asserted a role for models in scientific explanations
(e.g. Achinstein, 1965; Batterman, 2009, Bokulich, 2011; Cart-
wright, 1983; Strevens, 2009; Woodward, 2003). Here I will pro-
ceed under the assumption that this general view is right—that
models at least sometimes serve as explanations. Because models
only partially represent target systems, a model that explains does
so in spite of lapses in the accuracy of its representation. This sug-
gests that, as different models of a system vary in what they repre-
sent and what idealizations they employ, so too may explanations
of the same event vary in what information they convey. Perhaps
these varying explanations are appropriate for different aims, just
as different models are appropriate for different aims. Granting
models a role in explanation thus introduces the possibility of plu-
ralism about explanation as well.10

By explanatory pluralism, I mean that, at least sometimes, the
best explanation of a given event depends on additional factors,
factors that vary. The possibility of explanatory pluralism ushered
in by the view that models play a role in explanation creates an-
other space for the influence of social values. Elsewhere I have ar-
gued that scientific explanations depend essentially on the context
in which they are formulated (Potochnik, 2010a,b). The idea is that
different causal patterns deserve explanatory focus, depending on
the nature of the research program for which the explanation is
formulated. This does not mean that scientists make up whatever
explanations they fancy, citing whatever causal factors interest
them. Instead, explanations emerge from the interplay of corrobo-
rated causal claims and interest-driven choices about which of
those causal claims are explanatory, and how they are to be repre-
sented in a model. It is this element of choice that enables social
values to exert special influence on scientific explanations.

For an example, consider again the debate in evolutionary biol-
ogy about sexual selection theory introduced at the beginning of
this paper. Recall that sexual selection theory posits competition
among members of the same sex for mating opportunities to
account for a variety of sexual and reproductive traits, and
part) motivate explanatory pluralism. This is not the only option; Strevens (2009), for
alist in this way.
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Roughgarden (2009) criticizes these hypotheses and suggests what
she calls ‘‘social selection theory’’ as an alternative. Roughgarden
argues that the traits that sexual selection theory is supposed to
explain are better explained as adaptations to a much broader
range of social interactions, interactions that often lead to cooper-
ative outcomes. As different accounts of the evolution of sex and
reproduction, sexual selection theory and social selection theory
may seem to offer contradictory explanations of animal behavior,
but that is not quite right. As I pointed out above, each theory
may apply to some evolutionary phenomena, as both sides
acknowledge (Clutton-Brock, 2007; Roughgarden, 2009). Sexual
selection models and social selection models may even predict
some of the same behavioral outcomes. Thus sexual selection
explanations and social selection explanations need not be incom-
patible. Nonetheless, they differ in the role ascribed to sexual con-
flict or to mutual gain through cooperation, and this difference
shows itself in the types of causal patterns the two emphasize. If
patterns of sexual conflict and cooperation are both embodied in
some range of behaviors, then both the sexual selection explana-
tion and the social selection explanation may be successful. In that
case, these two contextual explanations simply latch onto different
causal patterns to which the scenario conforms. Contextual expla-
nation makes possible the success of both explanations, but that
success is relative to a background research agenda.

This version of explanatory pluralism provides a framework for
understanding how social values influence scientific explanations:
different social values can result in a focus on different causal pat-
terns. Consequently, different systems of values can yield different
proposed explanations—explanations that latch onto different causal
patterns and that are formulated in the context of different research
programs. This is one element of the debate over sexual selection
theory versus social selection theory. Roughgarden and some sexual
selection theorists accuse each other of imposing a favored world-
view by privileging cooperation or sexual conflict, respectively (Coy-
ne, 2004; Roughgarden, 2009). Part of their disagreement is over
whether sexual and reproductive traits generally embody a pattern
of cooperation or conflict. It may be that one of these patterns is en-
tirely absent. On the other hand, both may be accurate to some de-
gree, and hence explain some traits (in some contexts).

Thus, in my view, a feminist approach to explanation should
acknowledge the context-dependence of explanations and investi-
gate how social values shape the contexts. For reasons mentioned
above, this role of social values should be distinguished from their
epistemic role. Existing feminist analyses are evocative of the
directions in which such an analysis would proceed, but there is
room for expansion. To begin with, one may investigate the ways
in which social values contribute to the production of multiple dis-
tinct explanations of a single phenomenon, how those are related
to their respective contexts, and how this curtails comparisons of
the worth of different explanations.

In this section, I have focused on how model-based science can
be used to motivate the expansion of feminism into non-epistemic
elements of scientific practice. Recall, though, that I intend a two-
way expansion, for as shown in Section 2.2, feminist philosophy
of science is also well-situated to provide conceptual resources
for accounts of model-based science. Feminist empiricism attends
to the influence of scientific communities, alternative epistemic vir-
tues like the realistic representation of complex processes, the per-
spectival nature of knowledge, and how social values can play a
legitimate role in science. These aspects of science all shape how
model-building actually proceeds, so accounts of these features
supplement accounts of model-based science. We have seen, for in-
stance, how disagreements over sexual selection models and social
selection models are influenced by different views about, as Rough-
garden puts it, what is ‘‘basic to biological nature’’ (2009, p. 3),
prime territory for the influence of social values. And in Section 2.2,
it was shown how commitments to divergent epistemic virtues,
also influenced by social values, can motivate different modeling
strategies, with different tradeoffs. The insights of feminist empiri-
cism thus help motivate the sort of pluralism that results from
model-based science. Finally, feminist critiques of science help
motivate the explicit use of models—and thus explicit acknowl-
edgement of limitations and falsifications—over attempted or pre-
sumed direct representation of the world. Model-based science
and socially engaged science go hand in hand nicely.
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1. Game theory in biology and economics

In game theory, interactions are thought of as games, and strat-
egies to playing a game are judged for how they fare in light of
other players’ strategies. Accordingly, game theory models are
applicable whenever elements interact in a way that enables the
outcomes of those interactions to affect the properties of the ele-
ments. This has yielded, and continues to yield, an astounding
range of applications in the social and life sciences.

Game theory was first explicitly introduced by von Neumann
and Morgenstern (1944) as a tool in economics. Its classic use
was to model the actions of utility-maximizing agents. So, for clas-
sic game theory, utility-maximizers are the interacting elements,
the elements in a game with one another. The agents’ pursuit of
greater utility leads them to select a strategy according to its ex-
pected utility in light of the circumstances—that is, in light of their
expectations of the other agents. This is the means by which out-
comes, or expected outcomes, affect the properties of the elements,
viz., their strategies.

Maynard Smith and Price (1973) reapplied game theory to ac-
count for strategies that result not from rational choice but from
evolution by natural selection. In this application, the interacting
elements are not rational agents adopting strategies, but organisms

with heritable traits. Strategies are thus not chosen for their
expected value, but instead evolve in a changing population as a
result of their relative fitness (Riechert & Hammerstein, 1983).
Accordingly, the need for utility-maximizing rational agents is re-
moved. The game is instead taken to represent the ways in which
natural selection shapes the properties of, as Mailath (1992) puts
it, ‘‘myopic and unsophisticated players.’’ This reapplication
yielded what is known as evolutionary game theory.

The use of evolutionary game theory has proliferated in the dec-
ades since its introduction to biology. Any trait that has signifi-
cance for an organism’s survival or reproductive success can be
viewed as a strategy, and whenever the success of that trait de-
pends on the traits of other organisms, a game is in play. Whether
it pays for a vampire bat to share its hunting spoils with its neigh-
bors depends on whether they will share in return (Wilkinson,
1984). When a male dung beetle should abandon a cowpat for a
fresher breeding ground is decided by how long the other males
are sticking around and how many new females are still arriving
to the cowpat (Parker, 1970). Game theory has been applied to
many other social behaviors, such as issuing warning calls when
predators approach and mutualism among members of different
species. It has also been used to model relative resistance to para-
sites, the timing of reproduction in an organism’s lifespan, and a
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long list of other behavioral, physical, and life-history traits. In the
process, a vast array of game forms and solution concepts have
been developed (McGill & Brown, 2007).

Interestingly, the success of evolutionary game theory in biol-
ogy has spurred its reapplication in the social sciences, including
in areas where classic game theory was already in use. The ele-
ments to which evolutionary game theory applies are strategies.
This builds an inherent flexibility into the evolutionary process:
payoffs might represent the biological fitness of organisms or the
cultural fitness of strategies. Game dynamics that represent biolog-
ical fitness are often referred to as replicator dynamics (Taylor &
Jonker, 1978; Hofbauer & Sigmund, 1998). If strategies are instead
influenced by their cultural fitness, this could result in different
game dynamics, as determined by different models of learning or
imitation (Friedman, 1991). In any case, for evolutionary game the-
ory, the evolutionary process resulting from differences in biolog-
ical or cultural fitness replace the assumption of rational agents
that maximize utility. This is useful even in the social sciences,
for there are many circumstances when the assumption of rational
agency fails, which could undermine the accuracy of classic game
theory models.

This brief survey of game theory’s redevelopment for applica-
tion to evolutionary biology, and then the reimport of evolutionary
game theory back into the social sciences, sets the stage for my fo-
cus in this paper. The development of evolutionary game theory al-
tered the basic assumptions of game theory in a way that
significantly expanded its range of applicability. This is illustrated
by evolutionary game theory’s success in biology and its successful
reapplication to the social sciences. However, at least in biology,
the embrace of evolutionary game theory has also often led to
the neglect—and even the implicit rejection—of other, non-evolu-
tionary influences on traits. This is one symptom of a broader dif-
ficulty. Evolutionary game theory is generally characterized as the
reapplication of the modeling approach to a distinct set of phe-
nomena: selection replaces deliberation, organisms with different
phenotypes replace rational agents, and fitness replaces utility.
Yet thinking of this as a set of wholesale replacements overempha-
sizes the discontinuity between the application of game theory to
deliberative action and to evolved traits. Indeed, evolutionary
game theory’s applicability to the social sciences suggests there
may be greater continuity between the dynamics of human action
and of evolved traits, especially behavior. When that continuity is
neglected, the full range of evolutionary possibilities can go
unnoticed.

These ideas can be more fully expressed by explicitly consider-
ing the representational roles of evolutionary game theory models.
I take that approach in §2. There I develop and defend the view that
the discontinuity between game theory’s application to the social
sciences and to evolutionary biology is often overestimated, and I
argue that this leads to the neglect of evolutionary possibilities.
A prime area of investigation that exemplifies how this is problem-
atic is the evolution of cooperation, so in §3, I discuss the signifi-
cance of these ideas for game theoretic treatments of the
evolution of social behavior.

2. How games represent evolution

One way to characterize the reapplication of game theory to
evolutionary biology is in terms of what the models are used to
represent. As described in the previous section, game theoretic
models represent interactions among elements that affect the ele-
ments’ properties. In classic game theory, the represented ele-
ments are individual agents that, by assumption, make decisions
based on what will maximize their personal utility. The payoffs
are intended to represent the relative utilities of the strategies

available to an individual, that is, the agent’s potential courses of
action. The interactions among agents affect their strategies insofar
as the strategies of other agents determine which action will result
in maximal utility, and accordingly, which action an agent will
choose. The actions of individual agents thus change according to
changing utility calculations. For evolutionary game theory, in con-
trast, the represented elements are organisms, with no assumption
of rationality. Interactions among organisms determine the success
of strategies, that is, what phenotypes—physical, behavioral, and
life history traits—prevail in a population. The interactions exert
their influence by affecting the relative fitness of the phenotypes.
It is those fitness values that reflect the influence of natural selec-
tion. Because natural selection is the source of change, one or more
populations are the entities subject to change. Populations, not
individuals, have the capacity to evolve. Accordingly, changes in
strategy are taken to result from the changing composition of the
population instead of the same individuals performing different ac-
tions. This conception of the contrasting representational roles of
classical and evolutionary game theory is summarized in Table 1.

As indicated in the previous section, the initial reapplication of
game theory to such a different set of target systems was a tremen-
dous breakthrough. Evolutionary game theory bypasses the strin-
gent rationality requirements of classic game theory and allows
for the application of game theory to a broad range of organismal
traits, as well as human behaviors that violate the utility-maximiz-
ing assumption. In the first chapter of his classic text on evolution-
ary game theory, Maynard Smith emphasizes this feature: ‘‘it can
be a simple consequence of the laws of population genetics that,
at equilibrium, certain quantities are maximised. . . . Nothing is im-
plied about intention . . .’’ (Maynard Smith, 1982, p. 5).

Yet the standard conception of evolutionary game theory as the
wholesale replacement of one set of representational roles with
another has a drawback. It can eclipse the representation of the
elements and dynamics that were the focus of classic game theory,
and that remain the focus of evolutionary game theory applied to
the social sciences. These include (a) strategies that are under indi-
vidual control and (b) individual game payoffs that do not predict-
ably sum to lifetime fitness values. This may lead some
evolutionary biologists to underestimate the significance of these
features in the biological world. I address each of these two possi-
bilities in the following subsections.

2.1. Questioning strategies as evolved phenotypes

When game theory was redeployed to model evolutionary phe-
nomena, it was natural that the game strategies were taken to rep-
resent phenotypes, viz., physical, behavioral, and life-history traits
that can be the target of selection. Natural selection, after all, is the
source of population-level change at the root of evolutionary game
theory. When one strategy has a higher payoff than all others, that
phenotype is favored by selection, and is the evolutionary stable
strategy (ESS). When no single phenotype is an ESS, Maynard
Smith and Price (1973) identify two possibilities, namely,

that an evolutionary stable population is either genetically
polymorphic, the strategies of individuals being distributed as

Table 1
The traditional representational roles of game theory when applied to human
decisions versus evolved traits.

Game components Represent: rational choice Represent: evolution

Players Rational agents Organisms
Strategies Individual actions Phenotypes
Payoffs Personal utility Lifetime fitness
Source of change Deliberation Natural selection
Subject to change Agents Population(s)
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in [the equation defining the mixed ESS], or that it consists of
individuals whose behaviour differs from contest to contest as
in [the equation defining the mixed ESS] (17).

Maynard Smith and Price see the possibilities as (a) a population
that has a mixture of genotypes, resulting in a stable distribution
of different phenotypes, or (b) a monomorphic population with a
mixed strategy phenotype, viz., a single strategy that yields differ-
ent results in the face of different game conditions. The focus thus
remains on the distribution of phenotypes that (by assumption) re-
sults from selection, however that distribution is realized by indi-
vidual organisms. This focus on evolved phenotypes instead of
individual behaviors of individual organisms keeps natural selec-
tion center stage.

Yet conceiving of the strategy as an evolved phenotype may
eclipse other influences on traits. For many of the phenotypes
modeled using evolutionary game theory, there is plausibly a
broad range of significant influences besides natural selection. Set-
ting aside the possibility of non-selective evolutionary influences,
such as constraints and genetic drift, there is also the possibility
that physical traits, behaviors, and aspects of life history have
non-evolutionary influences. It is increasingly appreciated that
development plays a nontrivial role for many traits, and that per-
haps the evolution of those traits cannot be understood without
reference to the developmental system. Additionally, behavioral
traits are particularly good candidates for extensive lability within
an individual’s lifespan—change in response to environmental
influences, perhaps even according to a process of learning from
others’ behaviors. So it may be that some game strategies change
during an organism’s lifespan, potentially in complex ways that
are not determined by the influence of natural selection. This intro-
duces the possibility that game strategies may not themselves be
evolved phenotypes.

Some biologists have recently explored the possibility of with-
in-lifespan influences on traits modeled with evolutionary game
theory, especially behavioral traits. Houston and McNamara
(1999) advocate greater attention to within-lifespan change than
is standard in evolutionary game theory. McNamara et al. (1999)
and Taylor and Day (2004) develop evolutionary game theory
models that incorporate negotiation, and Taylor et al. (2006) devel-
ops a model incorporating phenotypic plasticity, or within-lifespan
change. The possibility of within-lifespan change is also at the cen-
ter of Roughgarden’s current research program (Roughgarden
et al., 2006; Roughgarden, 2009). Roughgarden puts the general
idea for behavioral traits as follows: ‘‘a gene might conceivably
code for every type, or even every instance, of behavior. However,
an animal’s behavior obviously develops during its life reflecting
experience in local situations’’ (Roughgarden, 2009, p. 109). This
is especially plausible for social behaviors, which by definition in-
volve direct interaction with others and which are particularly
amenable to game theoretic treatments.1

Roughgarden (2009) illustrates this idea with a simple example
of how two birds sharing a nest may allocate their time. By
assumption, each bird divides its time between tending the nest
and foraging for worms. Which activity is in a bird’s best evolution-
ary interest depends upon what the other bird is doing, since an
unguarded nest is at risk of predation, but unfed offspring risk star-
vation. Other things equal, it is in a bird’s best interest to stick close
to the nest; it is assumed that guarding the nest is safer for the bird
than foraging. These relative values are reflected in the payoff ma-
trix in Table 2. For present purposes, the important feature of this
example is that a bird’s behavior—how it divides its time between

guarding and foraging—is plausibly shaped by its local environ-
ment, and especially by the behavior of the bird with which it is
paired. That is, the game dynamics may not be governed by natural
selection alone, but a combination of evolved tendencies and direct
environmental influences.

A word of clarification is in order. As I have argued elsewhere,
game theory’s focus on natural selection does not require a com-
mitment to selection as the only important influence on the mod-
eled traits (Potochnik, 2009). Game theoretic models may by
design only partially represent the target system, in order to focus
on a subset of dynamics that are of particular interest. In the same
vein, an evolutionary game theory model’s neglect of developmen-
tal factors, individual learning, etc.—just like its neglect of genetic
drift—does not require the explicit rejection of these influences.
In order to focus on natural selection’s role in producing a trait,
game theory models introduce the idealization that strategies
evolve simply according to selective advantage, thereby ignoring
any influence of random drift. Similarly, a game theory model
may introduce the idealization that strategies themselves are di-
rectly subject to selection. This allows for the investigation of the
influence of natural selection while other influences on the strat-
egy—such as development or learning—are set aside. My view di-
verges from Roughgarden’s on this. Roughgarden claims that the
explicit treatment of within-lifespan behavioral influences ‘‘is an
improvement because it eliminates the genetic determinism re-
quired in the standard . . . formulations’’ (Roughgarden, 2009, p.
119). In my view, the standard applications of evolutionary game
theory should not be interpreted as committed to genetic deter-
minism. These models do not rule out other influences on traits;
they simply neglect them in order to achieve focused representa-
tion of the role of natural selection.

Thus, my criticism is not that evolutionary game theory ne-
glects some of the influences on game outcomes, for this could
be the result of a principled focus on natural selection. Instead, I
have two more specific concerns. The more basic concern is that
some researchers may conclude from evolutionary game theory’s
neglect of non-selective influences that there are no such
influences on the phenotypes in question, or at least no important
influences. That would be a mistake. A model’s neglect of develop-
mental or learning processes should not be taken as evidence that
those processes do not exist, or are not significant. They may
simply be omitted from a model in order to achieve focused repre-
sentation of the role of natural selection. It would be a mistake to
assume that, e.g., the behaviors of nesting birds are genetically
hardwired, even if a model represents the behaviors as directly
subject to selection.

The second concern is that the focused representation of the
influence of natural selection may not by itself provide a sufficient
treatment of game dynamics. Standard applications of evolution-
ary game theory represent only the role of natural selection. If a
trait is heavily influenced by other factors, such as within-lifespan
development, learning, or environment, then standard evolution-
ary game theory will fail to capture important features of the sce-
nario. These unrepresented influences may go unnoticed. This is

Table 2
Payoff matrix for two birds sharing the responsibility of rearing
young.

Guard Forage

Guard 1,1 4,2
Forage 2,4 0,0

1 In what follows, I primarily focus on behavioral traits. This is partly because existing game theory models incorporating within-lifespan influences largely regard behavioral
traits and partly because the possibility of within-lifespan change is especially apparent for behavior. Nonetheless, the possibility of significant developmental and environmental
influences on physical and life-history traits, as well as behaviors, assures that the point is more generally applicable.
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particularly so if they too are frequency dependent, since game
theory is already in use in a different representational role. In a re-
view of Roughgarden (2009), McNamara voices a version of this
concern: ‘‘it could be argued that behavioral ecologists have previ-
ously overemphasized payoffs and paid insufficient attention to
the process by which decisions are made, so I am sympathetic to
an approach that emphasizes process’’ (McNamara, 2009, pp.
410, 411).

Further consideration of the example of nesting birds illustrates
this point. Roughgarden (2009) points out that natural selection
alone acting on the trait guard-or-forage would lead to one of
two endpoints: either the female bird will spend all her time forag-
ing and the male will always guard the nest, or vice versa. Both are
Nash equilibria and evolutionary stable states. However, another
outcome is possible if the birds’ behaviors are shaped by their
interactions with one another. Notice from Table 2 that the payoffs
to the two birds at the equilibrium points are not equal; the bird
that takes on foraging responsibility suffers greater risk of preda-
tion. If the birds can communicate—perhaps even offer ‘‘threats,
promises, and side-payments’’ (Roughgarden et al., 2006, p.
965)—they can arrange a compromise whereby they trade off for-
aging responsibility and its attendant risks. This is not to say that
natural selection is irrelevant to the birds’ behavior. The suggestion
is that the simple trait guard-or-forage is not itself an adaptation.
Instead, the evolved trait may be a much broader system of signal-
ing, perhaps including threatening or negotiation, that helps en-
force an efficient and fair division of labor.

Possibilities like these are largely neglected if it is assumed that
game dynamics are driven by natural selection alone, as often oc-
curs in evolutionary game theory.2 Developmental and environ-
mental influences, including the direct or indirect influence of
others’ behaviors, can also influence frequency-dependent charac-
teristics. The possibility of such non-evolutionary influences should
not be eclipsed by natural selection; they too warrant investigation.

To summarize, strategies treated by evolutionary game theory
are not always best understood as stable, evolved phenotypes. In-
stead, those strategies may develop within individuals’ lifetimes, in
response to the environment, including the social environment.
Consequently, game dynamics do not always represent natural
selection; they may in part or exclusively reflect developmental
or learning processes. These possibilities are neglected by standard
formulations of evolutionary game theory. It should not be as-
sumed that the successful application of evolutionary game theory
indicates the absence of non-evolutionary influences. The possibil-
ity of frequency-dependent dynamics within organisms’ lifespans
should be entertained—especially, but not only, for behavioral
traits—and game theory may have an additional application in
the treatment of those within-lifespan dynamics.

2.2. Questioning payoffs as lifetime fitnesses

There is another respect in which the full range of possibilities
goes unrecognized in the standard formulation of evolutionary
game theory. This can be appreciated by considering the represen-
tational role of game payoffs. Traditionally, payoffs are taken to
represent strategies’ contribution to lifetime fitness. For example,
in their seminal game theory treatment of combat among animals
of the same species, Maynard Smith and Price define payoffs as
follows:

The pay-offs are taken as measures of the contribution the con-
test has made to the reproductive success of the individual.

They take account of three factors: the advantages of winning
as compared with losing, the disadvantage of being seriously
injured, and the disadvantage of wasting time and energy in
the contest (Maynard Smith & Price, 1973, p. 15).

The payoffs are designed to incorporate all of the contest’s influ-
ences on fitness: by assumption, these are winning versus losing,
risk of injury, and the investment of time and energy. Yet I suspect
that the payoffs of many games fail to fully represent the contribu-
tion to lifetime fitness. It may be that evolutionary game theory is
haunted by its history—its origins in classical games—for payoffs of-
ten more closely resemble the immediate outcomes of individual
encounters than the outcomes’ full range of fitness effects.

Of course, there is a relationship between the immediate out-
comes of games and a strategy’s fitness: the outcomes contribute
to overall lifetime fitness. When games’ immediate outcomes ex-
haust their fitness effects, those outcomes can be used as proxies
for lifetime fitness. This is what Maynard Smith and Price expect
when they calculate payoffs based on the costs/benefits of losing/
winning, the risk of injury, and the investment of time and energy.
This is similar to how actual reproductive success is often esti-
mated via the stand-in of a single factor that is a component of fit-
ness. For instance, lifetime fitness can be estimated via the number
of offspring reared to weaning in a single season, or via the size of a
plant’s seed set (Lewontin, 1974). However, such proxies for life-
time fitness are conjectural—it may be demonstrated that they
do not accurately reflect the full fitness effects of the trait in ques-
tion. A well-known example of this is that accounting for the evo-
lution of sex ratios requires considering fitness effects in terms of
numbers of grand-offspring, not merely offspring. In the same
way, the outcomes of individual games may fail to accurately re-
flect the full fitness effects of strategies. Games may affect fitness
in ways that extend beyond their immediate outcomes.

For an illustration, let us return to Roughgarden’s (2009) simple
example of two birds caring for their nest of young. The payoff ma-
trix in Table 2 shows the direct fitness consequences of guarding
versus foraging; it takes into account the risk of predation and
the risk of offspring starvation or predation. As Roughgarden ima-
gines the scenario, an unguarded nest is lost to predation, yielding
the lowest relative fitnesses for both the male and female; both
guarding protects the nest but some of the nestlings die of starva-
tion. The highest payoffs for both birds occur when one forages and
the other guards, though the forager suffers a greater risk of preda-
tion. These are the immediate consequences of the behavioral
alternatives in question, but there may be other, less obvious con-
sequences. Roughgarden discusses the possibility that a full-time
guarder risks punishment by the other bird, which may opt to suf-
fer the decreased fitness of refusing to forage in order to threaten
its partner. If this happens with any regularity, it decreases the life-
time fitness of full-time guarders. This is just one possible extra-
game fitness effect. The possibilities are boundless: perhaps full-
time guarders are less likely to find mates the next season, or per-
haps they have partners that are less monogamous than they
otherwise would be; perhaps full-time foragers are rewarded with
less risky options in other coordinated activities; etc.

To clarify, the idea is not simply that games may be more com-
plicated than expected, or may have different payoffs than the ones
in the model. Instead, the point is that strategies may have regular
(but not apparent) downstream consequences that significantly
influence their lifetime fitness effects. A model may correctly rep-
resent the immediate consequences of a strategy that affect fitness,
but incorrectly assume that these immediate consequences accu-

2 Standard evolutionary game theory can accommodate some within-lifespan influence on traits by considering mixed strategies and response gradients (James Griesemer, in
conversation). This facilitates the accurate representation of selection’s influence when there is also within-lifespan change, but it usually does not provide a way to represent the
dynamics of that change.
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rately reflect lifetime fitness effects. This is related to the possibility
discussed in Section 2.1 that developmental or learning dynamics
may in part determine the outcomes of games. It is primarily the
possibility of changing environmental and social conditions due
to the strategy employed that allows lifetime fitness effects to di-
verge from immediate game consequences. A notable example is
the possibility of rewards and punishments that occur in aspects
of life other than the interaction represented in the model.

A prime example of evolutionary game theory models employing
payoffs that do not represent lifetime fitness values is found in mod-
els of reciprocal altruism. The evolutionary significance of reciprocal
altruism was first modeled in terms of the prisoner’s dilemma by
Trivers (1971); Axelrod and Hamilton (1981) developed models that
employed the solution concept of an evolutionary stable strategy.
The prisoner’s dilemma is distinguished by the relation among pay-
offs. The players do better if both cooperate than if both defect, but
each player improves its payoff by defecting, regardless of whether
the other cooperates or defects; see Table 3. The prisoner’s dilemma
has been used to model of a variety of cooperative scenarios, many of
which rely on reciprocation for the continuance of cooperative
behavior. These include the symbiosis between cleaner fish and host
fish (Trivers, 1971); birds’ warning calls when predators are near
(Axelrod & Hamilton, 1981); and blood-sharing among vampire bats
(Wilkinson, 1984), to name only a few.

The use of the iterated prisoner’s dilemma model to represent
reciprocal altruism is a clear instance of payoffs that reflect imme-
diate game consequences in a way that diverges from lifetime fit-
ness effects. The iterations combine with other assumptions
regarding ability to punish (e.g., the famous strategy of Tit-for-
Tat), structured populations, etc., to determine the fitness conse-
quences of the game. In cases of reciprocal altruism, these circum-
stances turn the within-generational prisoner’s dilemma into
something like an evolutionary stag hunt—i.e., for lifetime fitness,
it is best to cooperate if the other player(s) cooperate, best to defect
if the other(s) defect as well (Skyrms, 2003). Representing the
cumulative effects on lifetime fitness removes the apparent advan-
tages of defection. As West et al. (2007) point out, reciprocal altru-
ists are not truly evolutionary altruists.

In cases of reciprocal altruism, immediate game consequences
are not equivalent to lifetime fitness, but they do predictably deter-
mine fitness when combined with other assumptions. Still, the fail-
ure to carefully distinguish immediate consequences from lifetime
fitness effects has led to the neglect of two other sets of possibili-
ties. First, as reciprocal altruism builds punishment directly into
the game iterations, there is also the possibility of rewards and
punishments—and threats of such—that do not occur within the
limited game framework. This possibility was illustrated above
with the help of Roughgarden’s bird example. Punishment might
take the form of refusal to cooperate in the modeled interaction,
and reward the form of continued cooperation, but these might in-
stead involve a host of other social consequences, costly or benefi-
cial. Second, there is the additional possibility of a true evolutionary
prisoner’s dilemma, that is, lifetime fitness effects that are ordered
according to the payoff matrix of a prisoner’s dilemma. Most treat-
ments of the prisoner’s dilemma and the evolution of cooperation
do not address this possibility. One possible exception is a model
developed by Akçay et al. (2009), which suggests that ‘‘other-
regarding’’ motivations—the motivation to increase partners’ pay-

offs as well as one’s own—can evolve in a range of conditions,
and can lead to spontaneous cooperation among unrelated individ-
uals when direct reciprocity is unlikely.

To summarize, though the standard formulation of evolutionary
game theory indicates that payoffs represent fitness effects, evolu-
tionary game theory models often employ a payoff structure that
represents immediate game consequences, and these can fail to
accurately reflect the full consequences for lifetime fitness. This
can have several repercussions. There may be a failure to distin-
guish evolutionary influences, viz. fitness effects, from within-life-
span influences such as non-random interactions. This can lead the
type of evolutionary game in play to be misdiagnosed, as seen with
reciprocal altruism models. Lastly, other influences on game
dynamics might go unrecognized, such as rewards, punishments,
and threats.

In this section and the last (Sections 2.1, 2.2) I have outlined
additional representational roles that evolutionary game theory
may have. These additional roles are reminiscent of classical game
theory, insofar as they deal with the actions of individuals and
within-lifespan changes. In Table 4 I detail the traditional repre-
sentational roles of evolutionary game theory, alongside the addi-
tional alternatives that I have identified. Notice that strategies may
best represent either stable phenotypes or what I have termed
‘‘game consequences.’’ These game consequences may be compo-
nents of lifetime fitness, or they may not influences biological fit-
ness at all. Accordingly, sources of change may include
development or learning, in addition to or instead of natural selec-
tion, and individual organisms may change within their lifespans,
in addition to or instead of change in the composition of the pop-
ulation over generations. Modeling evolutionary games with an
eye to this range of representational possibilities will help avoid
ambiguities and neglected possibilities, and it will highlight the
full scope of possible influences on organismal traits.

3. Modeling the evolution of social behavior

The expanded set of representational possibilities for evolution-
ary game theory identified in Section 2 is particularly apt for the
evolution of social behavior. It is well appreciated that, as Lewontin
put it, ‘‘organisms do not experience environments passively; they
create and define the environment in which they live’’ (1978, p.
215). This is especially true of organisms’ social environments. Evo-
lutionary game theory is a brilliant reapplication of rational choice
theory to the blind action of natural selection, but it should not be
overlooked that the terms of the games may evolve in tandem with
strategic interactions (Calcott, 2008). This enables immediate game
consequences to have different impacts on lifetime fitness, and it
allows strategies to be shaped within organisms’ lifespans. Here I
discuss some implications of this for modeling the evolution of so-
cial behavior.

The rich social lives of many animal species provide the oppor-
tunity for a variety of structured interactions, and those interac-
tions may not be discrete. As discussed above, this can allow for

Table 3
Payoff matrix for the prisoner’s dilemma, where T > R > P > S.

Cooperate Defect

Cooperate R,R S,T
Defect T,S P,P

Table 4
An increased range of possibilities for game theory’s representation of evolved
phenotypes.

Game components Representational possibilities

Players Organisms
Strategies Individual actions Stable phenotypes
Payoffs Game consequences Lifetime fitness
Sources of change Development/learning

(frequency dynamics)
Natural selection
(population dynamics)

Subject to change Individuals Population(s)
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interwoven social behaviors that are potentially shaped by individ-
ual experience. For social behaviors especially, the dynamics of
within-lifespan change, viz. frequency dynamics, may also be ame-
nable to game theoretic treatment. It is thus important to distin-
guish sources of behavioral change from sources of evolutionary
change; the model of other-regard developed by Akçay et al.
(2009) exemplifies this approach for the evolution of cooperation.
Explicitly distinguishing between behavioral and evolutionary
dynamics provides resources for a more nuanced understanding
of cooperative or altruistic behavior. Indeed, different definitions
of altruism and cooperation are relevant in these two contexts.
Here I will focus on cooperation, as this is generally taken to be
the more inclusive term.3

The common evolutionary definition of cooperation is in terms
of fitness effects: a behavior is considered to be cooperative when
it benefits—i.e., increases the fitness of—others. A cooperative
behavior in this sense may also benefit the actor, or it may be at
the cost of the actor’s direct fitness. The latter is the common evo-
lutionary definition of altruism. This definition of cooperation de-
scribes a type of evolutionary dynamics—more precisely,
population dynamics driven by selection. Most are careful to dis-
tinguish this evolutionary sense of cooperation from the psycho-
logical sense, according to which cooperative behaviors are those
performed out of regard for the well-being of others (e.g. Sober &
Wilson, 1998). The latter definition of cooperation describes a type
of psychological dynamics: what motivates an individual’s single
act or behavioral trend. The distinction between psychological
and evolutionary cooperation can be used as a template for a fur-
ther definition of cooperation, describing a type of behavioral
dynamics. Cooperation in this sense would be defined as actions
that immediately benefit others. Consider once more Roughgar-
den’s simple model of nesting birds. Cooperative actions in the
behavioral sense include a bird choosing to forage when its partner
has chosen to guard the nest, or vice versa; refraining from enact-
ing an established threat, or extending a reward. A sense of behav-
ioral altruism follows: an altruistic action immediately benefits
others at some immediate cost to the individual. Many reciprocal
altruism models describe altruism in this sense, not evolutionary
altruism (West et al., 2007).

This behavioral sense of cooperation is similar to Roughgarden’s
(2006, 2009) proposal for defining cooperation, according to which
a cooperative behavior is ‘‘a process of perceiving and playing the
game’’ whereby players act in the interest of team fitness, rather
than individual fitness. Yet there are two main differences. First,
Roughgarden advocates redefining cooperation in this way, while
I think it is important to maintain the existing common definition
of evolutionary cooperation, and to define behavioral cooperation
in a parallel way. The two senses of cooperation can be distin-
guished by which type of dynamics are described. The distinction
is evident when behavioral and evolutionary dynamics are explic-
itly treated, as advocated by Roughgarden and in Section 2 above.
There is some precedent for maintaining three distinct senses of
altruism that parallel my suggested distinction among senses of
cooperation (Kitcher, 2010). A second difference between Rough-
garden’s proposed behavioral sense of cooperation and mine is in
the details. I worry that the requirement that players perceive
and play the game according to team fitness is too strong. This
requirement seems to stray into the territory of psychological
dynamics, and it accordingly limits behavioral cooperation to psy-
chologically developed organisms that can perceive and con-
sciously act (cf. Milam et al., 2011). Explicitly defining behavioral
cooperation in terms of organisms’ actions avoids this limitation,

and it maintains the tripartite distinction among psychological,
behavioral, and evolutionary dynamics.

All three senses of cooperation are potentially of evolutionary
relevance. As for the psychological sense of cooperation, I have al-
ready mentioned the model by Akçay et al. (2009), showing condi-
tions in which regard for others can evolve, and how this other-
regard can enable the evolution of cooperation among unrelated
individuals. Other-regard describes a variety of motivation, so it
is a form of psychological cooperation proposed to be of evolution-
ary significance. More generally, McNamara (2009) points out that,
although ‘‘previous work in [evolutionary biology] has often ig-
nored the mental machinery by which decisions are reached . . .The
fact that decisions are often mediated by high-level mental states
such as anger or trust may well affect the behavioral strategies that
evolve’’ (p. 411). McNamara et al. (1999) and Akçay et al. (2009)
begin to explore such possibilities.

As for the behavioral sense of cooperation, Roughgarden (2009)
posits that behavioral cooperation can influence evolution by
removing the evolutionary cost of cooperation for individuals. That
is, behavioral dynamics can develop that align an individual’s best
interest with others’ best interests, thereby eliminating the need
for evolutionary altruism. Indeed, Worden and Levin (2007) dem-
onstrate the possibility of a population evolving away from the
prisoner’s dilemma to a payoff structure that removes the dilem-
ma. This can happen through the emergence of systems of rewards,
punishments, and threats. Ross (2010) says of the prisoner’s dilem-
ma that ‘‘it is the logic of the prisoners’ situation, not their psychol-
ogy, that traps them in the inefficient outcome . . .Agents who wish
to avoid inefficient outcomes are best advised to prevent certain
games from arising.’’ Ross poses this as a suggestion for rational
choice, but there is an analog for evolutionary games. Natural
selection can prevent certain evolutionary games from arising,
via the evolution of systems of behavioral dynamics that remove
the conflict in fitness consequences.4

The recognition of the potential evolutionary significance of
psychological and behavioral dynamics—and the potential variety
of representational roles for evolutionary game theory—has impli-
cations for modeling approaches in evolutionary biology. This
motivates the explicit consideration of the distinct sets of evolu-
tionary, behavioral, and psychological dynamics. One alternative
is the development of models that simultaneously represent the
different sets of dynamics; this is the option pursued by Roughgar-
den et al. (2006), Roughgarden (2009), and Akçay et al. (2009). An-
other option is the continued use of traditional evolutionary game
theory models, but with more explicit consideration of what fea-
tures the model represents, and what features it neglects. This ap-
proach would be in line with how most or all approaches to
modeling evolution, including evolutionary game theory, neglect
an array of influences in order to represent focal dynamics (Potoch-
nik, 2009, 2010; Section 2.1 above).

As surveyed at the beginning of this paper, game theory has
benefitted tremendously from cross-pollination among its applica-
tions in the social sciences and in evolutionary biology. At its most
basic, my suggestion in this paper is that many standard formula-
tions of evolutionary game theory in biology overemphasize the
discontinuity between these applications. Many evolved traits,
and especially social behaviors, may be influenced by rich behav-
ioral and/or psychological dynamics that are distinct from—and
important to—the evolutionary dynamics. Careful attention to the
possible representational roles of evolutionary game theory illumi-
nates the wide variety of evolutionary possibilities, and how they
may interface with behavioral and psychological possibilities. For

3 See West et al. (2007) for an account of the different usages of ‘‘cooperation,’’ ‘‘altruism,’’ and related terms, and the confusion surrounding them.
4 This possibility is investigated by Akçay et al. (unpublished) using the political and economic game theory concept of mechanism design.

A. Potochnik / Studies in History and Philosophy of Biological and Biomedical Sciences 43 (2012) 202–208 207



Author's personal copy

the evolution of social behavior, this brings to light a much broader
variety of ways in which cooperation can emerge, facilitated by a
range of possible relations among psychological dynamics, behav-
ioral dynamics, and evolutionary dynamics.
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The Limitations of Hierarchical
Organization*

Angela Potochnik and Brian McGill†‡

The concept of levels of organization is prominent in science and central to a variety
of debates in philosophy of science. Yet many difficulties plague the concept of universal
and discrete hierarchical levels, and these undermine implications commonly ascribed
to hierarchical organization. We suggest the concept of scale as a promising alternative.
Investigating causal processes at different scales allows for a notion of quasi levels that
avoids the difficulties inherent in the classic concept of levels. Our primary focus is
ecology, but we suggest how the results generalize to other invocations of hierarchy
in science and philosophy of science.

1. Classic Levels of Organization. The concept of hierarchical organi-
zation is commonplace in science and philosophical treatments of science.
Though there are different applications of the concept of hierarchy, our
primary focus here is the idea that material composition is hierarchical.
Subatomic particles compose atoms, which compose molecules; cells com-
pose tissues, which compose organs, which compose organisms; inter-
breeding organisms compose populations, which compose communities,
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Figure 1. One of the first figures in most ecology textbooks depicts hierarchical
levels of organization and asserts their relevance for the study of biology, and
especially ecology. Source: Sadava et al. (2008, fig. 1.6).

which compose ecosystems; and so on. The basic idea is that higher-level
entities are composed of (and only of) lower-level entities, but the prev-
alent concept of hierarchical organization involves stronger claims as well.
The compositional hierarchy is often taken to involve stratification into
discrete and universal levels of organization. It is also often assumed that
levels are nested, that is, that an entity at any level is composed of ag-
gregated entities at the next lower level. Intuitively, a population is simply
an assemblage of organisms that bear a particular relationship to one
another, just as a molecule is simply an assemblage of atoms that bear a
(distinct) particular relationship to one another.

This conception of hierarchy is represented in figure 1, which is a re-
production of one of the first figures appearing in a popular undergraduate
ecology textbook (Sadava et al. 2008). Indeed, talk of levels is particularly
prominent in the field of ecology: nearly all textbooks use the idea that
ecological organization is hierarchical as an organizing principle. In ad-
dition to Sadava et al.’s book, Ricklefs’s The Economy of Nature (2008),
possibly the most popular undergraduate ecology textbook, has an in-
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troductory chapter with a description and visual representation of the
levels of organization, then has book sections in order of Life and the
Physical Environment (basically physiological ecology) followed by In-
dividuals, Populations, Species Interactions, Communities, and finally
Ecosystems. Another popular text by Molles (2002) has a nearly identical
organization. A third popular ecology text even alludes to hierarchical
organization in its title: Ecology: Individuals, Populations, and Commu-
nities (Begon, Harper, and Townsend 1986). Editions of these textbooks
have been around for decades and have been used to train most practicing
ecologists today. (Indeed, the second author learned his introductory ecol-
ogy from the third book over 25 years ago.) The ecologists writing these
textbooks were themselves trained to focus on hierarchical organization.
Odum’s (1959) ecology textbook describes transitions from “protoplasm
to cells, tissues, organs, organ systems, organisms, populations, com-
munities, ecosystems and biosphere” (6).

The concept of hierarchical levels of organization is not merely used
to promote basic ecological understanding in students and nonexperts.
Hierarchy is a key organizing principle for the field of ecology, particularly
since O’Neill et al.’s (1986) influential book conceptualized all of ecology
in terms of hierarchy. According to Lidicker (2008, 72), “the nested levels
of organization hierarchy has been widely adopted by biologists.” The
idea of levels of organization is of similar prominence in philosophy of
science, and there are striking parallels in how the concept is treated in
the two disciplines. For instance, in virtue of the assumption that levels
are nested, the ecological hierarchy is sometimes referred to as “the pyr-
amid of life” (Lidicker 2008). This is the apex of the pyramid often used
to represent the classic reductionist conception of the whole of science,
which ultimately bottoms out at subatomic particles (Oppenheim and
Putnam 1958). Yet despite this prominence and analogous treatment of
hierarchical organization, there is little agreement in ecology or philosophy
about the nature and significance of levels. In this section, we outline a
variety of common claims about the nature and significance of hierarchical
organization. This prepares the way for section 2, in which we will develop
criticisms of all but the most basic conception of hierarchical composition.
Finally, in section 3, we suggest a wholesale replacement for the concept
of hierarchy that may accomplish what hierarchy cannot and is less apt
to inspire overly strong conclusions.

Feibleman (1954) outlines a classic view of levels of organization that
prefigures many later, more nuanced treatments of related issues. His
comments provide a convenient starting point for our discussion. Feible-
man claims that entities at each successive higher level of organization
possess new properties not belonging to their components, for they are
particular organizations of their lower-level parts. And yet, any high-level
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object “depends for its continuance” on its lower-level elements (66). A
living cell has the property of self-replication, whereas the molecules com-
posing it do not; but there would be no cell without molecules. Feibleman
also claims that complexity always increases as levels are ascended while
rate of change always decreases. This is related to the last of Feibleman’s
claims that we will discuss, namely, that organization at a given level is
accomplished by a mechanism at the level below, for the purpose it fills
at the level above.

Feibleman’s comments about distinctive higher-level properties and
their dependence on the lower level introduce the issue of the relationship
between higher-level and lower-level properties. The idea that higher-level
entities possess novel properties is the basis of the idea of emergence.
Emergent properties are generally taken to be high-level properties that
cannot be predicted, explained, or reduced by lower-level properties, in-
sofar as the organization of components is crucial to the properties’ emer-
gence (Kim 1999; Mitchell, forthcoming). The existence and causal rel-
evance of emergent properties are disputed. Less controversial is the idea
of mereological supervenience; even proponents of emergentism generally
grant that all properties of any (physical) system are determined by the
properties of its microphysical components (Horgan 1982; Kim 1999).
This metaphysical determination is distinct from causal determination; it
is a claim about the metaphysical dependence of higher-level properties
on lower-level properties. The idea is that there can be no change in a
higher-level property without a corresponding change in one or more
lower-level properties. This seems to follow from the compositional re-
lationship of parts to a whole, as long as the parts are all there is to the
whole (i.e., barring the possibility of special introductions at higher levels,
such as an élan vital or nonphysical soul).

Consider next Feibleman’s claims that higher levels of organization are
marked by greater complexity and slower rates of change. These ideas
have received more attention in ecology than in philosophy. Jagers op
Akkerhuis (2008) offers the following brief characterization of the idea
that complexity increases with hierarchical organization: “The organi-
zation of nature is profoundly hierarchical, because from its beginning,
interactions between simple elements have continuously created more
complex systems, that themselves served as the basis for still more complex
systems” (2). This couples the idea of nested composition with causal
production, such that higher-level entities are automatically taken to be
more causally complex than their lower-level parts.1 O’Neill et al. (1986)
rely on similar ideas to justify their idea that hierarchies can be distin-

1. This may in part motivate the widespread idea that biological complexity has in-
creased through evolutionary history (McShea 1991).
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guished by their different rates of change. They claim that higher levels
will change more slowly than lower levels (76). Their reasoning seems to
be that lower-level interactions amass to result in higher-level behaviors,
so the latter must be slower than the former. Though they acknowledge
difficulties with the classic view of levels of organization, O’Neill et al.
do not clearly distinguish their conception of hierarchical organization
from the classic view, and their main examples are also commonly taken
to be examples of nested compositional hierarchies. O’Neill et al. further
claim that “any attempt to relate a macroscopic property to the detailed
behaviors of components several layers lower in the hierarchy is bound
to fail due to the successive filtering” (80–81). Detailed arguments for this
are developed by O’Neill (1979), and the inability is labeled the “trans-
mutation problem.” This is akin to antireductionism about properties,
but it instead seems to predict the inability to track causal propagation
across levels.

The last of Feibleman’s claims that resonates in a useful way with more
recent discussions of levels is the idea that the organization of an entity
at a given level is accomplished by a mechanism at the level below and
that the purpose of that entity’s organization is established at the next
level above. Some philosophers take mechanisms to be crucial to making
sense of the causal significance of levels. Machamer, Darden, and Craver
(2000) characterize mechanisms as entities or activities that produce reg-
ular changes, and they claim that mechanisms form nested hierarchies.
That is, lower-level mechanisms have dedicated roles as parts of higher-
level mechanisms. Craver and Bechtel (2007) argue that mechanisms are
key to making sense of all interlevel causal claims. They suggest that
causal relationships occur only within a single level, so claims of a causal
relationship between entities at different levels actually should be under-
stood as partly a causal claim and partly a constitutive claim. Like O’Neill
et al. (1986), these authors articulate a specific basis for hierarchical or-
ganization that is distinct from simple composition. However, they suggest
that their favored characterization is in fact a version of the traditional
compositional hierarchy.2

Another type of significance that has been attributed to levels of or-
ganization regards scientific explanation. According to explanatory re-
ductionists, higher-level events and regularities should be explained by
demonstrating how they arise from lower-level events and regularities

2. According to Craver and Bechtel (2007, 550), “levels of mechanisms are a species
of compositional, or part-whole, relations.” They cite as evidence some of the very
features discussed in this section: that levels of mechanisms are ordered by size, with
lower-level entities smaller than higher-level entities, and that levels of mechanisms
have slower actions and greater complexity at higher levels.
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(Oppenheim and Putnam 1958; Nagel 1961; Hempel 1966). This thesis is
justified with an appeal to the metaphysical dependence of higher-level
entities on lower-level entities, that is, mereological supervenience. If all
phenomena are determined by entities, causal relationships, and laws at
a lower level, then perhaps uncovering lower-level truths—and their re-
lationship to higher levels—is key to explaining higher-level phenomena.
Many ecologists look for ecological explanations at lower levels of or-
ganization, whether in population dynamics (MacArthur 1968; Wilson
and Bossert 1971; May 1976), physiological and behavioral processes
(Schoener 1986), or even chemical and physical principles (West and
Brown 2005). Arguments against explanatory reductionism also often rely
on hierarchical organization, but to opposite effect. They appeal to emer-
gent properties at higher levels, namely, properties that do not reduce to
lower-level properties (Mitchell, forthcoming), or to multiply realizable
properties, namely, properties that supervene on any one of many distinct
lower-level properties (Fodor 1974; Putnam 1975; Garfinkel 1981). More
generally, Wimsatt (2007) claims that there is a “level-centered orientation
of explanations” (214).

Finally, some explicitly or implicitly consider lower-level theories to be
epistemically more secure than higher-level theories. An example is Op-
penheim and Putnam’s (1958) suggestion that all scientific investigations
ultimately may be vindicated by demonstrating their foundation in mi-
crophysical law. Such notions of the epistemic value of the lower level are
seldom explicitly distinguished from claims of the explanatory value of
the lower level. Yet even avowed antireductionists about explanations
sometimes assume that physical theory is somehow epistemically privi-
leged over theories in the biological and social sciences. We believe it is
a common assumption that if such theories conflict, the higher-level the-
ories should be rejected in favor of the lower-level theories. However,
claims to this effect are seldom defended in writing and occur more often
in casual conversation. In ecology, population (Wiens 1990) or individual
(Schoener 1986) models are clearly privileged over macroecology models.
At a seminar when the second author presented his macroecological work,
a prominent ecologist responded, “to me, if it is not based in population
processes, it is not science.”

In this section we have surveyed a range of implications attributed to
hierarchical levels of organization. This survey is not exhaustive, but it
does capture many of the prominent ideas about the significance of levels.
Those ideas can be divided into three categories. First, there are claims
about the metaphysical significance of hierarchical levels. These include
discussions of mereological supervenience and emergent properties. Sec-
ond, there are claims about the causal significance of levels. These include
ideas put forward about the relative complexity and rates of change of
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different levels as well as the conception of hierarchy in terms of levels
of mechanisms. Third, there are claims about the explanatory and evi-
dential significance of levels. These pertain to theories about different
levels rather than to entities at different levels of organization. The tra-
ditional view of a reductive unity of science falls in this category, but
other views embody it as well. For all of these claims about the significance
of hierarchical organization, some version of a universal stratification into
compositional levels is assumed.3 Yet the assumption often remains in the
background; as Kim (2002) points out, the conception of levels employed
is seldom made explicit.

2. A Vexed Concept. To summarize section 1, the classic formulation of
levels of organization in science and philosophy of science is a compo-
sitional hierarchy. Each higher-level entity is taken to be an aggregate of
entities at the next lower level, so levels are distinguished according to
the relationship of parts to a whole. This conception of hierarchical levels
is ascribed a variety of implications in various literatures in philosophy
and ecology. We have characterized several and grouped them as meta-
physical, causal, and evidential/explanatory in nature. In this section, we
develop criticisms of all but the most basic conception of the composi-
tional hierarchy. In our view, the many overly ambitious conclusions
drawn from the simple fact of part-whole composition—and the persis-
tence of those conclusions—demonstrate that hierarchical stratification is
not useful as a general conception of ecology or science.

2.1. Metaphysical Significance. Claims about hierarchical organiza-
tion often appeal to the ubiquity of part-whole composition. Indeed, the
very notion of stratified levels depends on not only the ubiquity, but also
the uniformity, of part-whole composition. For strata to emerge, atoms
must always compose molecules, populations must always compose com-
munities, and so forth. But the uniformity of composition needed for
stratified levels simply does not exist. Guttman (1976), a biologist, force-
fully made this point. (Kim [2002] makes the same point, and Wimsatt
[2007] argues that uniformity of composition fails at higher levels.) Gutt-
man provides a variety of examples demonstrating that objects at some
level n are often not composed exclusively of objects at level . Forn � 1

3. Wimsatt (2007) is an exception. He endorses many of these theses about the sig-
nificance of levels of organization, but he maintains that decomposability into discrete
levels is not universal. Yet, whereas Wimsatt holds the view that “levels of organization
are a deep, non-arbitrary, and extremely important feature of the ontological archi-
tecture of the natural world” (203), our main thesis is the opposite: that the concept
of discrete ontological levels does not succeed and has been used to motivate several
problematic claims about the natural world.
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instance, ecosystems are said to be composed of populations or com-
munities, but individual molecules, such as molecules of food waste, are
also an important component. Tissues are only partly composed of cells;
also crucial are the macromolecules that hold the cells together. Polymer
molecules are composed of monomers, but individual ions are also an
important ingredient (Guttman 1976).

Care must be taken in articulating the sense in which composition is
ubiquitous. It may be that every whole is composed of smaller parts. We
do not question that claim here. But it is certainly not the case that every
whole is composed of only parts at the next lower level. Nor is it the case
that each type of whole is composed of all and only the same types of
parts. Consider organisms. Big, lumbering organisms like us are composed
of organ systems as well as, for example, cells that often act individually,
such as blood cells’ role in oxygen transport. At the other extreme, single-
celled organisms are not composed of cells at all; they are composed of
cell parts, such as organelles. There is also an array of different com-
positional configurations between these extremes as well as some entities
whose status as organisms is a matter of dispute (Wilson 2008). There is
thus reason to call into question the very notion of universal, stratified
levels.

Similar difficulties plague the idea that higher-level properties super-
vene on lower-level properties. We will not dispute the universality of
mereological supervenience, that is, the idea that every higher-level prop-
erty supervenes on lower-level properties. But similar limitations pertain
to supervenience as to composition. First of all, each type of higher-level
property need not supervene on the same types of lower-level properties.
This follows from the well-appreciated phenomenon of multiple realiza-
tion. Many higher-level properties may supervene on (i.e., be realized by)
any of a variety of lower-level properties. For instance, the organism-level
property of camouflage is realized by an array of lower-level properties.
For many animals, camouflage consists of pigmented cells that disguise
through coloration. Other instances of camouflage involve morphological
structures of the animal or materials in the environment. The properties
of cells, of larger parts of animals, and of nearby materials variously
realize organism camouflage by matching backgrounds, concealing shad-
ows, obliterating forms, disguising motion, masquerading as other objects,
or creating other perceptual effects (Stevens and Merilaita 2009). Such
multiple realization means that any number of types of lower-level prop-
erties, of any number of types of lower-level objects, may realize a given
higher-level property. Moreover, distinct realizers may very well occupy
different levels of organization (Melinda Fagan, personal correspon-
dence).

There is also no guarantee that higher-level properties will supervene
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on a well-defined set of lower-level properties (Mitchell, forthcoming).
Even in individual occurrences, higher-level properties may be realized by
a complicated combination of lower-level properties that are not naturally
grouped as an object of study. One of the authors has termed this complex
realization (Potochnik 2010b). To return to the example of camouflage,
consider what properties determine an instance of, say, a fish having the
property of being camouflaged as a fallen leaf on a stream bed. Relevant
properties of the parts of the fish include the properties that determine
its overall shape, that it is positioned on its side, and the colors and
arrangement of its pigmented cells. Properties of the environment are also
relevant: the presence of leaf litter in the stream as well as its heterogeneity,
size, and color. Finally, properties of the predators also matter for this
to achieve camouflage: predators must be diurnal and aquatic and must
hunt by sight (Sazima et al. 2006). The supervenience base of this instance
of camouflage—namely, the set of properties that metaphysically deter-
mines the presence of the camouflage property—is a complicated set of
properties belonging to fish parts, parts of the environment, and parts of
predator populations. This set of properties is not naturally ascribed to
entities at a single level of organization.

In summary, hierarchical composition may be universal in the sense
that every extant whole is composed of proper parts, and mereological
supervenience may be universal in the sense that every higher-level prop-
erty is metaphysically determined by lower-level properties. But stratifi-
cation into levels is not universal or discrete. Stratification is not discrete
in that it is not the case that an object taken to be at some level n is
composed of all and only parts at level . Stratification is not universaln � 1
in that it is not the case that all objects taken to be at level n are composed
of parts from the same levels . Similar difficulties plague thej, . . . , k
metaphysical property determination of the higher level by the lower level,
for mereological supervenience is complicated by multiple realization and
complex realization. Because of multiple realization, the presence of some
high-level property provides little or no information about its determiners,
even the level(s) at which its determiners are found; the supervenience
base is highly variable from instance to instance. Because of complex
realization, the nature of the supervenience base in a given instance is
even obscure. There may be a long list of relevant lower-level properties,
and they may not all be properties belonging to entities at the same level
or even belonging to parts of the object with the higher-level property in
question. Even if universal mereological supervenience is a fact, it is not
associated with the hierarchical stratification of objects or their properties.

2.2. Explanations and Evidence. Similar difficulties also undermine the
supposed explanatory significance of hierarchical stratification. The idea
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of supervenience is at the heart of explanatory reductionism, the view
that higher-level events and regularities should be explained by showing
how they are metaphysically determined by lower-level events and reg-
ularities (Oppenheim and Putnam 1958; Nagel 1961; Hempel 1966). Ac-
cordingly, many philosophers have used multiple realization as a basis
for arguing against the explanatory priority of the lower level (e.g., Fodor
1974; Putnam 1975; Garfinkel 1981). For multiply realized properties,
higher-level regularities exist despite lower-level variations. Antireduc-
tionists use this as grounds to dispute the idea that understanding of
higher-level phenomena is provided by lower-level information.

The possibility of complex realization—that higher-level properties
may be realized by an obscure combination of lower-level properties, as
introduced in the section above—further undermines the significance of
stratified levels for scientific explanations. The properties that figure into
lower-level explanations often fail to be the true supervenience bases of
the properties that figure into higher-level explanations. When this is the
case, mereological supervenience loses its relevance for the comparison
of explanatory strategies. Explanatory reductionists and antireductionists
alike err in using supervenience as a way to evaluate the relative value of
explanations formulated at different levels. Explanations may be cate-
gorized as lower or higher level insofar as they refer to smaller or larger
objects—perhaps even parts or wholes. Yet this distinction loses its im-
portance without a basis for comparison (Potochnik 2010b).

The original goal of explanatory reductionism was ultimately epistemic
in nature. Oppenheim and Putnam (1958) hoped that all high-level laws
could ultimately be derived from—that is, explained by—fully general
microphysical laws. This was supposed to vindicate the high-level sciences
by showing their basis in microphysics. To Oppenheim and Putnam, the
only alternative seemed to be acknowledging nonphysical entities such as
the élan vital or nonphysical soul, a repellant proposition for any sort of
physicalist (see Potochnik 2011). Though this conception of epistemic
vindication via reduction may now be out of favor, we suspect that its
ghost lingers in a tendency to credit lower-level theories with greater
epistemic security than higher-level theories. This would account for the
tendency to assume that higher-level theories should be rejected in favor
of lower-level theories when they conflict (discussed in sec. 1). For ex-
ample, physiological models are often privileged over macroecological
models (Schoener 1986), and population genetic models are often privi-
leged over phenotypic optimization models (e.g., Curnow and Ayres 2007).
Yet we can think of no basis for privileging lower-level theories in this
way. There is no reason to expect that, in general, higher-level theories
are less well supported than lower-level theories. For instance, physio-
logical models generally do not incorporate interactions between species,
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such as competition, that are critical to producing the phenomena de-
scribed in macroecology. Similarly, Potochnik (2010a) shows how popu-
lation genetic models are not epistemically privileged over purely phe-
notypic models. For instance, in population genetics, selection coefficients
are usually calculated via empirical measure of one fitness component,
such as offspring raised to weaning, in lieu of the ecological information
that is usually available for phenotypic models.

Not only are lower-level theories often credited with greater epistemic
security, they also are seen to have a more general domain of application.
Physics is the ultimate example, for it is taken to be the only “funda-
mental” science. Kim (2002) says, as if stating a universally shared view,
that “the domain of physics includes all that there is” (16). But here one
must distinguish between physical entities and physical theory. Any phys-
icalist will grant that all objects are composed of only physical stuff. In
contrast, it is not obvious—and quite likely false—that theories in physics
address all phenomena. It would take the success of a strong reductionist
program for any future theories of physics to account for sociological
phenomena, for example.

These supposed explanatory and epistemic significances of hierarchical
organization arise from a common source, namely, assumptions regarding
universal stratified levels, and how lower-level parts and their properties
metaphysically determine higher-level objects and their properties. The
difficulties with these supposed significances also stem from a single
source. Most basically, granting the existence of part-whole composition
and mereological supervenience is not sufficient support for the idea that
theories and representations are related in these ways. Metaphysical de-
termination is a relation among properties at different levels; this does
not straightforwardly dictate the explanatory or epistemic relationship
among the theories that have been formulated about phenomena at dif-
ferent levels.

2.3. Levels of Causation. The claims about the significance of levels
for relative complexity and rates of change that we described in section
1 rely on the idea that changes at a given level are mediated by lower-
level processes. Higher-level systems are taken to be more complex since
they are created via interactions among simpler lower-level elements. It
is also supposed that changes occur more slowly at these higher levels
since they are mediated by lower-level changes. Those who defend mech-
anisms as a way of distinguishing levels articulate a version of this same
idea. The conception of nested hierarchies of mechanisms, in which lower-
level mechanisms perform roles that contribute to some higher-level mech-
anism, is a particular version of the thesis that changes at a given level
are mediated by lower-level processes or, in particular, mechanisms.
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Yet this assumption about the causal significance of levels is flawed,
at least when applied to the classic compositional hierarchy. Guttman
(1976) argues that, just as an object may have important parts at several
different levels of organization, interactions between systems at a given
level may be mediated by objects at several different levels. For instance,
consider the variety of types of interactions among organisms. One or-
ganism may causally influence another via the mediation of pheromones,
a type of molecule; may causally produce another via a gamete, a type
of cell; or may causally influence another via attack and ingestion, which
involves much or all of the organism.4 A corollary to this point is that
causal interactions are not always among systems at the same level of
organization—again, at least with regard to the classic compositional
hierarchy. Very small objects can causally influence objects taken to be
many levels higher: witness the crucial role of waste molecules in an
ecosystem. High-level objects can also causally influence objects at much
lower levels, what is sometimes termed downward causation (Campbell
1974).

For example, ecology has placed increasing emphasis on migration
from a “regional pool” as important in structuring local community dy-
namics (Hubbell 2001; Magurran and Henderson 2003; McGill 2003;
Leibold et al. 2004; Zillio and Condit 2007). In this conceptualization,
the regional pool is either an explicit assemblage of many communities
known as a metacommunity (Leibold et al. 2004) or an abstract gener-
alization of a much larger area that is structured by different processes
(Hubbell 2001; McGill 2003). Similarly, in the study of abundance (the
population size of an organism), there is increasingly a move away from
the traditional idea that abundance is determined locally through inter-
actions with competitors (MacArthur 1968) and toward the idea that
global abundance (abundance of a species across its entire range), shaped
by processes such as the evolution of specialists versus generalists, is a
crucial determiner (Gaston and Blackburn 2000; Gregory 2000; White et
al. 2007). Finally, in molecular and cellular biology, there has been a
growing disenchantment with the inability of the reductionist approach—
that is, a focus on single, isolated molecules—to explain medically im-
portant but holistic disease concepts such as “metabolic syndrome” (link-
ing heart disease, diabetes, obesity, etc.). There is now a trend toward
placing individual molecules into a systemic context known as “systems
biology” (Kitano 2002).

This undermines the idea that all changes are mediated by causal
processes solely at a lower level, thereby removing the basis of the claim

4. Throughout this discussion, we assume that there are high-level causal relationships.
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that complexity always increases as the hierarchy is ascended. And there
is indeed reason to doubt that compositional levels are always ordered
according to their causal complexity. Strevens (2006), for instance, pro-
poses an account of how simple behavior emerges in high-level systems,
even when the parts of the systems interact in complex ways. One of
Strevens’s primary examples is the relatively simple behavior of whole
ecosystems, as seen in the wide applicability of, for example, the Lotka-
Volterra equations for predator-prey cycles.

There is also no reason to conclude that rates of change always slow
as the hierarchy is ascended. Consider the sudden extinction of a large
population of organisms or even an entire ecosystem. In contrast, ge-
notypes are exceedingly conservative, and the evolution of a new gene
complex can take thousands of generations. The type of change in ques-
tion is more significant for its rate than is the size of the entities involved.

Abandoning the idea that changes are always mediated by lower-level
processes undermines the idea that mechanisms provide a way to distin-
guish among levels of organization. The parts and wholes of the classic
compositional hierarchy do not uniformly constitute nested levels of
mechanisms. It is possible to provide an alternative definition of levels in
terms of mechanisms. Craver and Bechtel (2007), for instance, explicitly
distinguish levels according to the components of mechanisms. But
whereas Craver and Bechtel suggest levels of mechanisms as a species of
the compositional hierarchy (see n. 2 above), it must instead be empha-
sized that this conception of mechanism levels does not cohere to the
classic conception of hierarchy. (Craver [2007] does more to establish that
distinction.) Furthermore, the division of levels of mechanism is variable,
depending on what causal processes—namely, what mechanisms—are fo-
cal.

3. Replacing Levels with Scale. Let us consider where we have arrived.
Though the concept of hierarchical levels of organization crops up in an
impressive array of philosophical and scientific contexts, the various sig-
nificances attributed to it almost entirely fail. The simple fact of part-
whole composition is not a sound basis for the assertion of the universal
stratification of objects and their properties into discrete levels, or the
explanatory or evidential significance of this supposed stratification. Many
of the supposed causal significances of hierarchical organization also fail
to obtain.

These failures are extensive, but still the concept of hierarchical levels
of organization persists or, more accurately, many concepts of hierarchy
persist. These include, for example, nested levels of mechanism (Ma-
chamer et al. 2000; Craver and Bechtel 2007), hierarchical rates of change
(O’Neill et al. 1986), and behavioral composition (Rueger and McGivern
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2010). Different conceptions of hierarchical organization do not obviously
align, and these raise the question of whether, or to what extent, they
cohere. As Rueger and McGivern put the point, “we might wonder
whether one hierarchy or ordering is genuine and the others merely con-
venient, or indeed whether all hierarchies have no ontological significance
and are merely different modes of representing an un-layered reality”
(380). We suggest the latter. The search for a universal hierarchical or-
dering with any broad significance is futile and should be replaced by an
approach that explicitly limits its aims to useful quasi-hierarchical rep-
resentations.5

There are significant reasons to abandon the concept of a single, on-
tologically significant system of hierarchical organization. It has histori-
cally been associated with an astounding range of implications, few or
none of which are borne out, as demonstrated in section 2. The very
formulation of the concept suggests universality and, thereby, ontological
significance, both of which we have called into doubt. We therefore suggest
abandoning the terminology, and the concept, of hierarchical levels of
organization. We suggest that the concept of scale take its place as an
organizing scheme for ecology, and perhaps in science more broadly.

3.1. Ecological Scale. Our suggested replacement for the concept of
hierarchy stems from current ecology. By some measures, the most heavily
cited paper in ecology today is Levin (1992) on the role of scale in ecology.
Levin asserts that “the problem of relating phenomena across scales is
the central problem in biology and in all of science” (1961; see also Wiens
1989; Schwartz 2002). Scale is the spatial or temporal extent across which
observations span. That is, it is the size of the “ruler” used to measure a
system, the choice of which influences the type of observations made.
Ecology is sometimes studied at the scale of square meter plots of grass;
other ecological studies span entire continents or the globe (a scale of
1,000–10,000 kilometers to a side, or 1012–1014 square meters). Temporal
scales and the spatial scales often covary—processes occurring at large
spatial scales often also occur on long timescales—but there are excep-
tions.6

This recent focus on scale is a response to a trend in ecology during

5. Our argument does not prohibit hierarchical representations that have an explicit
basis for ranking and are limited in scope and domain of application. However, any
concept constrained in these ways is not well positioned to stand in for classical levels
of organization.

6. Note that the term “large scale” can have opposite meanings: to a geographer, a
“large” scale actually focuses on a small area. Here we intend the sense commonly
used by ecologists, according to which a large scale regards a large area.
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the 1970s and 1980s, when a strong drive for experimentation as the
dominant modality had the unintended consequence of research focused
only on small spatial and temporal scales, since those were amenable to
experimental manipulation. Most experiments in ecology are conducted
at the scale of a few square meters at most (Maurer 1999). This focus on
a single, relatively small scale remained largely unanalyzed, but if pressed,
researchers would justify it by analogy with physics. In physics, experi-
ments on small systems can be informative across many orders of mag-
nitude of scale (though this too can fail; Rueger and McGivern 2010).
For example, Galileo’s experiments with balls rolling down ramps at a
scale of a few meters and Brahe’s data on planetary orbits at scales of
1012 meters both informed and are well described by Newton’s three laws
of gravity, though they span 11 orders of magnitude of scale.

In the 1990s ecologists began to address larger scales again, largely in
response to questions about conservation that concern large scales. Ini-
tially, the unspoken assumption was that this would conform to the ex-
pectation that experiments done at that small scale would provide an
understanding of large-scale phenomena. But there was a growing reali-
zation that the processes important at larger scales are often fundamen-
tally different from those observed at lower scales (Wiens 1989; Levin
1992; Schwartz 2002). This set the stage for ecology to become explicitly
scale dependent. Individual studies began to specify the scales at which
the claims were expected to hold (McGill 2010). As a recent example,
McGill suggests that whether or not bird species live in an area is con-
trolled by random chance of dispersing to that area at scales of a few
meters, by species interactions at a slightly larger scale, by habitat pref-
erences (e.g., tall trees vs. grass) at scales of tens to hundreds of kilometers,
and finally by matches between climate and the species’ physiological
adaptations at scales approaching those of a continent. Wiens shows that
just as causal processes can differ with scale, so can the patterns that are
observed. He demonstrates how the abundance of two species of birds
covaries negatively at small scales (10 meters), because of competition for
nesting sites, but covaries positively at larger scales (10 kilometers), be-
cause of their similar habitat preference for coniferous forests. A change
of just three orders of magnitude in scale results in (a) a change in the
dominant causal influence—nest site competition versus habitat prefer-
ence—but more importantly in (b) a change in the very patterns ob-
served—positive versus negative covariance. Clearly ecology was not like
physics, and scale is completely central to defining the research question.

Scale is sometimes conflated with levels, and it would be convenient
if the two were interchangeable. For example, the influential work by
ecologists O’Neill et al. (1986) is sensitive to the importance of scale, yet
they attempt to assimilate scale to the model of discrete levels of orga-
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nization by claiming that the levels are defined by distinct timescales. This
approach is shared by the recent suggestion by Rueger and McGivern
(2010) about the role of scale in physics. They say that “when physicists
talk about levels, they often do not have in mind a mereological ordering
of entities. Instead, what they describe is best understood as a stratification
of reality into processes or behaviours at different scales” (382). Rueger
and McGivern suggest that scale can be used as the basis for an alternative
hierarchy, distinct from the compositional hierarchy. These sources add
support for the significance of scale and for its generalizability to other
fields. We wish to emphasize only that, unlike these authors, we think it
is important to fully distinguish between this alternative schema of scale
and the idea of a universal hierarchy of discrete levels.

3.2. Reconstructing Quasi Levels. The simple recognition of differ-
ences in scale is a well-positioned alternative to the problematic assump-
tion that there is a universal hierarchy of discrete levels. That different
treatments succeed at different scales offers a way to demarcate what one
might term “quasi levels.” In some respects, quasi levels are similar to
classic levels: cells occur on a scale of microns to millimeters, while tissues
are typically millimeters to decimeters; organisms (vertebrate and angio-
sperm, at least) are centimeters to many meters; ecosystems are measured
in kilometers; and the biosphere is much larger still. Yet the concept of
scale and the demarcation of quasi levels that it allows differ from the
classical concept in fundamental ways. Most basically, scale is continuous,
whereas levels are discrete. This has important implications for how en-
tities are related to one another. While scale gives a directionality (smaller/
bigger) just as levels do (lower/higher), the concept of scale focuses at-
tention on the distance between entities. The question of whether or not
that distance is of importance must be treated as an empirical and interest-
relative question.

For example, a squirrel may stand 0.1 meter high while a tree that it
lives in stands 10 meters high. Considered in terms of the traditional
compositional hierarchy, the squirrel and tree are at the same level: the
level of individual organisms. Yet their difference in scale is significant
for some investigations. Masting occurs when trees produces all their seeds
in large bursts, which happens only in some years. For investigations of
the evolution of masting, the salient relationship is between a population
of squirrels and an individual tree. One squirrel does not eat enough seeds
to drive trees to evolve masting; it takes an entire population. Indeed, the
time between masts has evolved to time periods roughly equal to the
generation time of a squirrel (about 2 years) so as to have maximal in-
fluence on the population dynamics of the squirrel while minimizing in-
fluence on the tree’s fitness. In contrast, for investigations of populations’
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northward progression in response to global climate change, the differ-
ences in size between a squirrel and a tree are insignificant. Their dispersal
distances are very similar; indeed there is evidence that the dispersal rate
of oak populations is heavily dependent on the dispersal of seeds by
squirrels (Corre et al. 1997; Clark 1998).

A few features of this example are illustrative. First, one level from
the traditional hierarchy (e.g., individual squirrel and tree) can span sev-
eral orders of magnitude of scale (here 0.1 vs. 10 meters), just as entities
of different compositional levels (e.g., squirrel population and tree) can
be of the same scale. Second, the difference in scale between the squirrel
and the tree is important in one scenario (masting evolution) but not in
the other (dispersal). Whether differences in scale are significant depends
on both the research question and the system under investigation. Quasi
levels are context dependent: they are explicitly defined relative to a par-
ticular domain and set of interests. Differences in scale are not domain
and interest relative; the relativity arises in where to locate boundaries in
scale. The determination of what range of scales to group together depends
on how the causal relationships under investigation behave: what entities
or groups of entities interact, at what scale different causal processes
become dominant, and so forth. There is therefore no expectation that a
successful demarcation of quasi levels has ontological significance or even
significance for unrelated phenomena. This is an important departure from
classic conceptions of hierarchical levels.

Another key difference between classic levels and quasi levels deter-
mined by scale is that the former elevates part-whole relationships to
prominence, while scale is fully independent of part-whole relationships.
The focus on composition is replaced by a focus on causal processes or
interactions. Put in terms of the previous example, one squirrel cannot
digest enough acorns to influence a large oak; in this case, significant
causal interaction requires a population of squirrels. Indeed, types of
causal interaction sometimes can be correlated with scale. Organisms tend
to compete with organisms that are similar in size, to eat organisms ap-
proximately an order of magnitude smaller, and to be infected by organ-
isms about two or three orders of magnitude smaller (Peters 1983).7

This demonstrates that the analysis of causal relationships is central
to demarcating quasi levels. Yet the significance of causality is markedly

7. Our suggestion that types of causal interaction are sometimes correlated with scale
is evocative of what Wimsatt (2007) terms “causal thickets” and the partial perspectives
they engender. In Wimsatt’s view, causal thickets are the alternative to well-defined
levels, for though he takes levels of organization to be an “extremely important feature
of the ontological architecture of our natural world” (203), he does not posit the
universality of levels (see n. 3 above).
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TABLE 1. COMPARISON OF CLASSIC LEVELS AND QUASI LEVELS

DEMARCATED FROM SCALE

Classic Levels Quasi Levels

Measure Discrete Continuous
Boundaries Universal Domain relative
Based on Composition Causal processes
Causal significance Causation only within a level Causation among all scales
Temporal scale Slower change at higher levels Independent of spatial scale

different from the causal significance attributed to classic levels of or-
ganization. First, we recommend using analysis of causal relationships to
demarcate quasi levels, whereas with classical levels, the direction is re-
versed: causation is supposed to occur within a level, so where to expect
causal relationships depends on the structure of the universal hierarchy.
Second, one may find causal interactions among entities or groups at any
range of scales, though there may of course be patterns in types of in-
teractions at different scales. Notice especially that small-scale phenomena
can be influenced by, and thus illuminated by, large-scale events. For the
example above, whether oaks can evolve a local adaptive response to
squirrels eating their acorns depends in part on gene flow from oaks in
many other regions, for this may swamp local selective pressures. In con-
trast, the classic hierarchy has been used to motivate the idea that causal
interactions occur only at a single level and are mediated by the next
lower level. Downward causation especially has been the target of much
criticism. Third, the concept of scale can structure investigations according
to both spatial scale and temporal scale, but correlation between these
two scales cannot be assumed. This is in contrast to the expectation that
classic compositional levels are related to rate of change. These differences
between classic levels and quasi levels are depicted in table 1.

We hope to have demonstrated that the concept of scale, along with
the derivative concept of quasi levels, offers a superior conceptual frame-
work over traditional hierarchical levels for conducting science, and es-
pecially ecology. We have not established that quasi levels in scale are the
only possible conceptual replacement for traditional levels, but we have
suggested ways in which these concepts do work similar to that of classical
levels while avoiding the latter’s pitfalls. Quasi levels, demarcated ac-
cording to the central concept of scale, provide a conception of organi-
zation that is overtly interest relative and problem dependent. Part-whole
composition may be universal, but it does not proceed in lockstep, and
it is not the sole structuring relationship among phenomena—or the most
significant. Replacing classical levels of organization with considerations
of scale brings the analysis of causality to the fore and allows causal
significance to govern the delineation of levels.
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At the heart of Roughgarden’s book is a two-prong strategy: first, she claims that

modern sexual selection theory must be rejected; second, she proposes an

alternative framework, social selection, to explain the evolution of sexual diversity

in the animal kingdom. In many ways, her dismissal of sexual selection in modern

evolutionary psychology resonates with ongoing feminist critiques of evolutionary

explanations of sex difference. For example, Roughgarden draws readers’ attentions

to how narratives about the origins of cooperative care of offspring typically depend

on females as ‘‘coy’’ and prone to monogamy, males as ‘‘aggressive’’ and prone to

polygamy, and on the resulting differential parental investment. Where do these

sexual stereotypes come from? This is where Charles Darwin and his theory of

sexual selection enter Roughgarden’s argument; Darwin’s Victorian sensibilities

were inseparable from his theories of evolution, especially his theory of sexual

selection on which she claims current theories of social evolution are now based.

She hopes that by ridding ourselves of sexual selection, therefore, we can also rid

ourselves of these hopelessly outdated sexual stereotypes and start building a new

evolutionary account of sociality.

Roughgarden’s claim that she has replaced sexual selection theory with

something new makes historical ontogenetic sense only if the core of sexual

selection theory has remained essentially the same—what Darwin proposed in 1859,

is what Richard Dawkins meant in 1976, is what biologists study now—albeit more

complicated, with a wide array of additional data and secondary theories to support

it. Trivers (1972), with a little help from other mathematically inclined biologists

like Hamilton (1963; 1964), developed Darwin’s initial seed into a full-fledged

theory only in the 1970s. Roughgarden builds her theory of social selection from

tools and assumptions that characterized evolutionary theory before scientific

interest in sexual selection picked up in the late 1970s, and this legacy forms the

basis for her claim that social selection is theoretically independent from the

subsequent development of sexual selection. Let me note that Roughgarden’s vision

of the history of sexual selection is neither idiosyncratic nor the result of sloppy

research—it reflects the carefully crafted and nearly ubiquitous standard history of

sexual selection that has been common since the 1980s (Milam 2010).

Yet this historical framework, I believe, does not hold up to scrutiny. Sexual

selection research in the 1950s and 1960s offered a rather different image of sex,

mate choice, and biological families than became common only a decade later. In

developing her model of social selection, Roughgarden draws on this biological

literature, making it impossible to distinguish her theory of social selection from past

theories of sexual selection. But if social selection is not an alternative to sexual

selection, then what is it? Social selection is part of a much larger project, a

fascinating re-envisioning of the evolution of social behavior in animals based on an

acceptance of the complexity of animal mind that has become current only in the last

decade or so. Based on the treatment Roughgarden’s book has already received at the

hands of evolutionary biologists who firmly believe the theory of sexual selection has

something to offer, I worry that her attempts to dismiss sexual selection as invalid

have obscured the potential implications of her theory of social selection.

To assess Roughgarden’s historical framework, we must first turn our attention to

Darwin. For Darwin, sexual selection was not simply about male ornaments
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(17–19). Sexual selection was his theory to explain all stable intra-specific

differences, including why males and females differed in their appearance and

behavior, yes, but also differences between races of a single species (Darwin 1871;

Desmond and Moore 2009). Whereas natural selection was based on differential

survival, sexual selection stemmed from differential reproduction. Once males and

females entered into a reproductive bond, they cooperated to survive in the world by

raising their young together and dividing the labor according to their seemingly

natural talents (Russett 1989), a characteristic Roughgarden attributes to social

selection (241–242). Although Roughgarden is largely unconcerned with sexual

selection as an explanation of courtship behavior, in the late nineteenth century,

sexual selection’s few advocates were entranced more by what preceded copulation

than they were by the raising of the offspring that they assumed would inevitably

follow.

By the first third of the twentieth century, sexual selection had been largely

rejected as a mechanism of evolution in animals (Kellogg 1907). Animals,

biologists contended, were not capable of choice-based behaviors, including an

esthetic choice of mates. Only humans were capable of truly evaluating the

comparative worth of two individuals and consciously selecting one as their

reproductive partner. Indeed, the rhetoric of female choice within positive eugenic

theories of human evolution remained strong through the 1930s. We can see this

cognitive division of animals as reactive and humans as capable of forethought and

choice in the behavioral theories of the time. European ethologists like Konrad

Lorenz and Nikolaas Tinbergen, for example, were fascinated by the ways in which

evolution could produce ritualized stereotyped behavior in animals (Lorenz 1937;

Tinbergen 1951). In the U.S.A., behaviorists with a comparative psychology bent

researched ways in which animals could be taught to react in predictable ways to a

given set of circumstances (Watson 1919; Skinner 1938). Both communities ignored

choice-based behaviors. Given this context, it is unsurprising that Julian Huxley

(1938) panned female choice in animals and that Ronald Fisher’s (1930) theory of

runaway sexual selection made little impact in the biological community at large.

By the 1960s, however, primatological and anthropological research began to

blur the line between human and animal mind emphasized by Fisher and Huxley

earlier in the century (Goodall 1967). Coy females, left at home tending the hearth

and the children, and aggressive males, roaming in search of meat and reputation on

the savannah, resonated with visions of man the hunter, the tool-maker, the head of

the family that characterized contemporaneous studies of social structure in baboons

and early hominids (DeVore 1968; Fox 1967; Tiger 1969). As biologists

increasingly began to suggest that male and female animals of the same species

might be subject to different kinds of evolutionary pressures, second-wave feminism

encouraged women to resist male hegemony and strike out on their own (Morgan

1972; Slocum 1975; Tanner 1981).

It was in this context that Trivers (1972) and Wilson (1975) picked up the

excitement of rationalist individualistic game theory applied to the selection of

animals and people. As Dawkins (1976) subsequently elaborates in The Selfish Gene
(to which Roughgarden’s title alludes), sexual selection seemed to explain why

males, who needed to be aggressive to survive the cutthroat reality of the natural
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world, could differ so dramatically in their nature from females, who needed to

choose the right male to succeed in their very different quest to raise lots of babies.

Males stayed with females because of sex, he suggested, and females stayed with

males because of security. Families worked, when they worked at all, through a

system of uneasy mutual bribery, not through a Victorian-inflected system of

cooperatively divided labor. Lest you think I am framing Dawkins as a puppet of his

social milieu, there were other models of reproductive behavior from which he

could have drawn in developing the sexual implications of the Selfish Gene, and this

is critically important for understanding the biological heritage of Roughgarden’s

book.

In the 1960s and early 1970s, for example, population geneticists were also

interested in the evolution of reproductive behavior. For synthesis architect

Theodosius Dobzhansky, the evolutionary success of both Homo sapiens and

Drosophila rested in their genetic diversity. He described both as cosmopolitan

species in which genetic diversity rested in a large number of small individual

variations, spread over the entire population (Dobzhansky 1955, 1962). It was this

ubiquitous variation that allowed both humans and fruit flies to adapt so easily to

changes in their environment and ensured their evolutionary success. Following this

line of thought, a few of Dobzhansky’s many scientific collaborators suggested

female mate choice might act as one mechanism to maintain just this type of genetic

diversity, a phenomenon they dubbed the ‘‘rare male effect’’ (Petit 1958; Ehrman

1970; see also O’Donald 1980). Claudine Petit and Lee Ehrman argued that if

females preferred to mate with rare, exotic, or minority males (they used all of those

terms), then the offspring from these couplings would also carry the rare alleles. By

preferring to mate with such rare males, females were effectively preventing these

rare alleles from being lost to the breeding population, and maintaining the genetic

diversity of the species. On the one hand, Petit and Ehrman believed the rare male

effect was simply another case of frequency-dependent selection (the most common

type being found in predator–prey relations). On the other hand, they described the

rare male effect as a kind of sexual selection that could act to counter the effects of

natural selection in culling the genetic diversity in a population.

Thus, the vision of humanity and animality that Roughgarden would have us

ascribe to social selection resonates strongly with some of these earlier views of

sexual selection. Roughgarden (237, 240) argues that families should be seen as

cooperative units struggling in a harsh world to raise offspring to adulthood, a vision

she notes Lack (1968) promoted in the 1960s, but which was quickly overshadowed

by Williams’ (1966) attack on group-selection theory. Recall, however, that this

cooperative breeding would have been familiar to Darwin himself. Additionally,

Roughgarden, Ehrman, and Petit share an interest in the genetic consequences of

choice rather than the mechanics of courtship display behavior or sexual difference.

Both Ehrman and Petit’s model of sexual selection and Roughgarden’s theory of

social selection posit a synergistic benefit to the long-term survival of the species

emerging from the cooperation of males and females for the purpose of reproduction

(237, 239). She also suggests that evolutionary biologists ought not to think of

behavior as the direct outcome of selection, but instead as the result of a

developmental program which itself changes in response to evolutionary
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pressures—a point that Lehrman (1953) pressed home in his critique of Konrad

Lorenz’s ethological theories and one quickly adopted by Margaret Bastock (1956)

in her study of courtship behavior in Drosophila (186).

Equally fascinating is how Roughgarden’s model differs from these earlier

theories in its implicit description of the cognitive ability of animals. Fisher and

Huxley both doubted biologists would ever be able to demonstrate true choice in

animals. Dobzhansky, Ehrman, and Petit certainly did not discuss the potential for

post-coital conflict or cooperation; they were, after all, working on Drosophila—at

that time the assumed machines of the animal world. Roughgarden, by way of

contrast, argues that many animals are capable of forming a familial bond (by

agreeing to enter into a relationship that entails care for offspring) and, after the

offspring are produced, further negotiating how to divide the care for those offspring

(201–203). She deploys a new set of game theoretic tools to model the evolution of

social behavior in this cooperative way—Nash bargaining strategies (140–186).

These games allow individual players to exchange of information during iterative

rounds of play. They have been used widely in the social sciences, as she notes,

but not in biology (143–144, n. 13–14). Biologists in the 1950s and 1960s, it

seems likely, rejected these tools because they presupposed a level of cognitive

development assumed to be unlikely in most animals. Game theory provided a

convenient language with which to describe the apparently rational behavior of

individuals incapable of reason (Erickson 2006).

Roughgarden is not alone in re-assessing the cognitive abilities of animals. In the

last decade, behavioral biologists have supplied an increasingly complex vision of

animal mind. Some biologists have suggested that social learning, or the cultural

transmission of learned traditions in animal communities, can be seen in the vocal

traditions of whale song or the practice of washing sweet potatoes in a group of

Japanese macaques (Rendell and Whitehead 2001, Watanabe 1994). Frans de Waal

has even suggested a pre-hominid basis for group morality (see Macedo and Ober

2006). Roughgarden, to my knowledge, is the first mathematically inclined

evolutionary theorist to take this reinvigorated view of animal mind and develop

new analytical tools to reconstruct the evolution of social behavior in animals.

I return now to the claims with which I began. Roughgarden’s theory of social

selection is not really an alternative to sexual selection as much as it is a return to a

set of possibilities and convictions that dominated biologists’ discussions of the

evolution of social behavior and female choice before the rise of sociobiology in the

1970s. Yet by framing social selection as an alternative to sexual selection,

Roughgarden sells herself short. Discussions surrounding the Genial Gene do not

have to be only arguments over the validity of sexual selection; they could instead

be productive discussions about the evolutionary basis of sociality, based on what

we have learned about the evolution of animal minds and culture in the 100 years

since Morgan.1

1 Thanks to Angela Potochink for putting together a fascinating session at ISHPSSB 2009 and

additionally to Roberta Millstein and Joan Roughgarden for continuing the conversation we began in

Brisbane. Sarah Richardson provided helpful comments on an earlier draft of this essay.
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Roberta L. Millstein

In The Genial Gene, Joan Roughgarden develops and defends a new type of

selection, social selection, and argues that it ought to replace sexual selection.

However, Roughgarden’s claim raises a bit of a puzzle. Even though Darwin and

some contemporary evolutionary biologists differentiate natural selection from

sexual selection, most contemporary evolutionary biologists do not. Bonner and

May’s position is typical:

A more modern view [than Darwin’s] sees sexual selection as simply one of

many particular facets of general questions of natural selection…the current

definition of Darwinian fitness deals with an individual’s total genetic input

into the next generation, and thus includes consideration of the mating systems

and sex ratios along with simple survival to reproductive age (Bonner and

May 1981, xxviii).

In other words, on the ‘‘received’’ view, natural selection is an umbrella term, and

sexual selection just describes several ways in which reproductive success can occur

(discussed below) under that umbrella. But if this is right, and if social selection is

also a form of natural selection, as Roughgarden herself implies, then it seems as

though a switch to social selection would only require tweaking of natural selection

models. Indeed, some of Roughgarden’s critics have claimed that social selection is

merely a version of existing game theoretic approaches (e.g., Lessells et al. 2006).

However, Roughgarden steadfastly maintains that these critics have missed the

point—social selection is something new. I defend Roughgarden’s claim that social

selection is something new but show that it entails considering the different sorts of

causal processes proposed, instead of reproductive success alone. A causal process
approach illuminates what is at stake in the contemporary debate over social

selection and what is revolutionary and interesting about Roughgarden’s proposal.

A causal process approach also vindicates Darwin’s claim that sexual selection and

natural selection are different, although I do not fully defend that claim here.

However, I will not take a stand on which of these causal processes are operating in

nature; as Roughgarden herself notes, the empirical studies are still in process.

In what follows, I first discuss how sexual selection can be distinguished from

natural selection before turning to the distinction between social selection and

sexual selection.

What is sexual selection?

As Mead and Arnold (2004) show in detail, there is no one sexual selection model,

but rather many models with conflicting assumptions. For example, in some of the

models, females choose males for ‘‘good genes,’’ but in some, they do not. Some

include sexual conflict between the sexes; some do not. And in some, sexual

selection acts only on males, whereas in others, it acts on both males and females.

Mead and Arnold (2004) argue that many of the key parameters that would

discriminate among these models have not been tested; Roughgarden herself

primarily presents and criticizes the adaptationist-oriented ‘‘good genes’’ models of
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sexual selection.2 This multiplicity of models makes sexual selection difficult to

characterize.

Since this presentation must of necessity be brief, I consider Darwin’s account of

sexual selection. Not all contemporary biologists would agree with Darwin’s

account, though some of the aforementioned models discussed by Mead and Arnold

(2004) are quite congenial to it (e.g., Lande 1980; Kirkpatrick 1982)–but at least it is

the common origin of all the contemporary accounts. Darwin first introduced sexual

selection in print in Origin of Species (1859), but his more developed view appeared

in Descent of Man (1871). I thus focus my brief analysis on the Descent, noting

where I think my reading of Darwin differs from Roughgarden’s.

Darwin begins his discussion of sexual selection with secondary sexual characters,

which he describes as differences between the sexes that ‘‘are not directly connected

with the act of reproduction’’ (1871 vol. I, 253). Darwin acknowledges that the

distinction between primary and secondary sexual characters is often not clear-cut.

But he does think that there are clear-cut examples of secondary sexual characters.

According to Darwin, males tend (he allows for exceptions) to be larger, stronger,

more ‘‘pugnacious,’’ equipped with more offensive and defensive weapons, more

gaudily colored, and endowed with a greater power of song.

Readers familiar with the contemporary literature on sexual selection might

wonder why this list does not include males as being more sexually eager than

females, with females being ‘‘coy’’. Indeed, Roughgarden sees this idea as central to

sexual selection and traces the idea back to Darwin. However, there are only three

references to ‘‘coyness’’ in the Descent, most notably where Darwin states:

The female, on the other hand, with the rarest exception, is less eager than the

male… she generally ‘requires to be courted;’ she is coy, and may often be

seen endeavouring for a long time to escape from the male (1871 vol. I, 273).

Thus, while it is true that Darwin thinks that (in general) females are coy and males

are eager, it is not his central focus. I think that some contemporary sexual selection

proponents have read the Descent selectively, overlooking the fact that the

secondary sexual characters that Darwin seeks to explain via sexual selection are far

broader (see, e.g., Darwin 1981 vol. II, 397–398). So if there is ‘‘blame’’ to be cast

for making central the idea that females are coy, I cast it on some readers of Darwin,

not Darwin himself as Roughgarden does. Moreover, it is clear that for Darwin,

‘‘coyness’’ and other purported secondary sexual characters are phenomena to be

explained by sexual selection, not part of the theory of sexual selection itself. Thus,

when some contemporary proponents of sexual selection argue that ‘‘choosiness’’

implies ‘‘coyness’’,3 they are confusing a phenomenon that Darwin sought to

explain (coyness) with part of the explanation of that phenomenon (sexual selection

via female choice). Of course, Darwin’s ‘‘phenomenon in need of explanation’’ was

an echo of the stereotype (female coyness) of the Victorian era in which he lived.

2 Some of her criticisms of sexual selection (e.g., the paradox of the lek) apply only to the ‘‘good genes’’

models, whereas others (e.g., lack of heritability of female choice in some species) apply more broadly.
3 This is itself a confusion; the opposite of ‘‘coy’’ in this context is ‘‘willing to mate’’; a female could be

quite willing to mate, even with a number of partners, while still being choosy.
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Darwin defines sexual selection as a ‘‘kind of selection’’ that ‘‘depends on the

advantage which certain individuals have over other individuals of the same sex and

species, in exclusive relation to reproduction’’ (1871 vol. I, 256; emphasis added).

In this presentation of the definition, sexual selection can act on either males or

females; this is one of the points of contention between Roughgarden and her critics,

with Roughgarden arguing against the ‘‘extension’’ of ‘‘standard’’ sexual selection

theory to females (Roughgarden and Akçay 2010). As some of the quotes below

reflect, in other places Darwin characterizes sexual selection solely in terms of

selection on males.

Sexual selection involves characters that are in exclusive relation to reproduction;

sexual selection does not, however, involve characters that are necessary for

reproduction. Rather, differences between the sexes that are necessary for

reproduction are explained by natural selection; natural selection explains differ-

ences related to different habits of life, differences in primary sexual organs, and

differences required for the care of offspring and propagation (1871 vol. I, 256). This

leaves sexual selection to explain differences between sexes that are exclusively
related to reproduction without being necessary for reproduction; natural selection

explains all of the rest. So, the easy characterization of Darwin, ‘‘natural selection is

about survival, sexual selection is about reproduction’’ that one sometimes sees—

e.g., by one of Roughgarden’s critics, Carranza (2010)—is not accurate.

Darwin acknowledges that ‘‘in most cases it is scarcely possible to distinguish

between the effects of natural and sexual selection’’ (1871 vol. I, 257). Note,

however, that he says the effects are difficult to distinguish—not that there is no

difference or that the effects can never be distinguished. Indeed, Darwin asserts

there is a difference between sexual and natural selection:

That these [secondary sexual] characters are the result of sexual and not of

ordinary selection is clear, as unarmed, unornamented, or unattractive males

would succeed equally well in the battle for life and in leaving a numerous

progeny, if better endowed males were not present (1871 vol. I, 258).

This quote not only demonstrates that Darwin saw a difference between sexual and

‘‘ordinary’’ (natural) selection but also illustrates one aspect of that difference.

Darwin asks us to consider the survival and reproductive abilities of males that have

been favoured by sexual selection for their arms, ornaments, and attractiveness;

were those males not present in the population, the males without those features

would survive and reproduce equally well as the ones with those features did. The

ornaments, etc., do not assist in the ‘‘battle of life’’ and in leaving progeny per se; it

is only in comparison to males who are not so favoured that they offer an advantage.

Indeed, Darwin maintains that such features may be ‘‘slightly injurious.’’

So, then, in what way can ‘‘certain individuals’’ have an ‘‘advantage’’ ‘‘over other

individuals of the same sex and species, in exclusive relation to reproduction’’? And

what types of causes perpetuate those advantages?

Famously, Darwin characterized two kinds of ‘‘sexual struggle’’:

…in the one it is between the individuals of the same sex, generally the male

sex, in order to drive away or kill their rivals, the females remaining passive;
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whilst in the other, the struggle is likewise between the individuals of the same

sex, in order to excite or charm those of the opposite sex, generally the

females, which no longer remain passive, but select the more agreeable

partners (1871 vol. II, 398; emphasis added).

In short, the two types are same-sex combat (usually male–male) where the victors

are those that obtain mates, and choice of mate based on esthetic criteria (usually

female choosing male). Again, contra Roughgarden, Darwin characterizes the two

types in a sex-neutral manner, expressing his belief about the way things usually go

while acknowledging a number of exceptions. (See 1871 vol. I, 263 for discussion

of males choosing females).

The case of ‘‘monogamous’’ species was a bit of a puzzle. For such species, it

would seem as though there would be enough females for every male to mate,

regardless of the male’s mating advantages or disadvantages. To account for these

cases, Darwin was forced to acknowledge (what I would call) a third kind of sexual

selection in which ‘‘the females,—especially the more vigorous females which

would be the first to breed, [prefer] not only the more attractive but at the same time

the more vigorous and victorious males’’ (1871 vol. II, 400). Thus, the third kind is a

bit of a hybrid of the other two; females choose the attractive (and vigorous) victor.

Roughgarden, however, presents this kind of sexual selection as though it were the

only kind, presumably because that is the only kind of sexual selection

acknowledged by many contemporary sexual selection proponents.

The ‘‘natural selection’’ and ‘‘sexual selection’’ columns of Table 1 summarize

the differences between the two. Natural selection can be understood as a causal
process, as follows: in the struggle for existence, the environment ‘‘selects’’ on the

basis of the physical differences that give rise to organisms’ differential abilities to

survive and/or differential abilities with respect to characteristics necessary for

reproduction. For sexual selection as a causal process, on the other hand: in the

sexual struggle, organisms ‘‘select’’ (via esthetic mate choice, same-sex combat, or

a hybrid) on the basis of the physical differences that give rise to same-sexed

organisms’ differential abilities to mate.4 In both cases, ‘‘selects’’ should be

understood metaphorically, not literally; it represents a causal interaction between

the ‘‘selector’’ and what is ‘‘selected on.’’

Roughgarden’s account of social selection

Roughgarden contrasts the ‘‘central narratives’’ of social selection and sexual

selection as follows: sexual selection focuses on quantity of mating (it is ‘‘natural

selection from differences in mating success’’), whereas social selection focuses on

quantity of offspring successfully reared—‘‘the bottom line for evolutionary

success’’. Social selection is ‘‘natural selection from differences in offspring-

producing success’’.

There are two worries with Roughgarden’s characterization of the central

narratives: (1) it blurs the distinctions between the different types of selection, and

4 In principle, other views of natural selection and sexual selection can be analyzed similarly.
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makes it harder to see what is revolutionary about social selection by hiding it under

the umbrella of natural selection. (2) It focuses on differential success, which, as

Mills and Beatty (1979) argue, risks making evolutionary theory circular; instead,

we ought to focus on differential ability.
So, I suggest a revision: social selection involves differences in offspring-rearing

abilities, whereas sexual selection involves differences in mating abilities. But what

gives rise to different offspring-rearing abilities under social selection? Roughgar-

den’s answer involves a ‘‘two-tiered’’ approach. The behavioral tier has fast, within-

generation developmental changes, but no genetic changes in the population. The

evolutionary tier, on the other hand, has slow generation-to-generation genetic

changes in the population. I discuss each of these in turn, simplifying Roughgar-

den’s presentation somewhat.

The behavioral tier uses a Nash bargaining approach to game theory. ‘‘Players’’

(generally pairs or small groups) negotiate the time that each spends in various

offspring-rearing tasks. Possible negotiation tactics include strikes and side

payments. The ‘‘game’’ may be played cooperatively or competitively and lead to

either cooperative or competitive outcomes. Roughgarden emphasizes one of the

cooperative paths to a cooperative outcome. Biologically, this involves what

Roughgarden calls ‘‘team play’’, incorporating coordinated activity and pursuit of a

common team goal: the successful rearing of offspring. However, Roughgarden

acknowledges that the frequencies of competitive and cooperative paths and

outcomes are an empirical matter that has yet to be fully tested.

In the evolutionary tier, payoffs for different players evolve. Traits like body size,

metabolic rate, and foraging capability determine how many offspring a particular

pair of genotypes can rear successfully given different distributions of their efforts.

New variants of these traits will tend to increase in the population if they can, on

average, increase the number of offspring that can be reared.

In short, on the social selection view (combining the two tiers), differences in

genetically based traits relevant to offspring-rearing abilities give rise to different

developmentally-based offspring rearing pair behaviors, probably involving team

play.

But how does social selection account for secondary sexual characters? If

organisms are selected for characteristics that enhance their offspring-rearing

Table 1 Three forms of selection

Natural selection Sexual selection Social selection

Type of struggle Struggle for existence ‘‘Sexual struggle’’ Parenting struggle

Differentiation Among conspecifics,

irrespective of sex

Among members of same

sex

Among members of same sex

Relevant abilities

(‘‘propensities’’)

Abilities to survive

and/or abilities

necessary for

reproduction

Abilities to mate, based on

characters that aid in

combat or esthetic

characters

Abilities to rear offspring

(underlying genetic basis

and organisms’

development)

Selective agent The environment,

including other

species

Conspecifics (esthetic mate

choice, same-sex combat,

or hybrid)

Conspecifics (negotiations,

clique inclusions, and

exclusions)
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abilities, as social selection predicts, then organisms—both males and females—

will be heavily invested in activities such as protecting territories and controlling

resources. Depending on resource distribution, it may be advantageous for them to

form ‘‘cliques’’—groups within a species that control access to these resources.

They may as a consequence develop ‘‘ornaments’’ (secondary sexual characters),

such as peacock’s tails or branched antlers, which may be of one of two kinds: (1)

genetically based ‘‘bids’’ to enter a clique or (2) developmentally based ‘‘badges’’ to

show that the organisms are members of the clique (badges develop as a

consequence of access to resources). Thus, social selection provides an alternative

explanation of the evolution of ornaments. (Of course, Roughgarden intends social

selection to explain other phenomena that contemporary sexual selection proponents

have sought to explain—e.g., origin of sexual reproduction and of the male/female

binary).

The ‘‘sexual selection’’ and ‘‘social selection’’ columns of Table 1 summarize the

differences between the two. Social selection can thus be understood as a causal

process as follows: In the parenting struggle, organisms ‘‘select’’ (through their

negotiations and though clique inclusions and exclusions) on the basis of the physical

differences that give rise to organisms’ differential abilities to rear offspring.

Summing up the causal process approach

Natural selection, sexual selection, and social selection each posit a different area of

‘‘struggle’’. Natural selection occurs with respect to any differences among

members of the same species, whereas sexual selection and social selection occur

with respect to differences among members of the same sex. More specifically,

natural selection acts on differences in survival and reproductive abilities, sexual

selection acts on differences in mating abilities, and social selection acts on

differences in offspring-rearing abilities. For natural selection, the environment

‘‘selects’’ on the relevant differential abilities; for sexual and social selection,

organisms ‘‘select’’ on the relevant differential abilities, with sexual and social

selection differing in the ways in which organisms select (as above). (There are also

some differences in expected outcomes, which I lack space to discuss).

Of course, in principle, one could use natural selection as an umbrella term while

recognizing that it is a cover for different sorts of causal processes, since what is

most important is the recognition that there are different types of causal processes.

However, using different terms for the different causal processes helps ensure that

none of them are overlooked, forcing us to make explicit which are operating and to

what extent.

There are three general implications of the causal process approach: (1) We can

see how sexual selection and social selection pertain to a different domain than

natural selection and the extent to which they offer competing accounts of that

domain. (2) We can see the different kinds of biological phenomena that are lumped

together if natural selection is simply differences in reproductive success due to

heritable fitness differences. (3) We ought to be measuring and tracking the various

abilities (survival, reproduction, mating, offspring rearing—and perhaps others),

rather than ‘‘fitness’’ simpliciter.
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In short, Roughgarden is vindicated in offering a revolutionary alternative to

sexual selection and not a mere revision to existing views. And Darwin is vindicated

in his separation of natural selection from sexual selection.5

Angela Potochnik

The primary purpose of The Genial Gene is to criticize the many individual

hypotheses grouped under the rubric of sexual selection theory and to develop

alternative hypotheses that account for the traits in question. Roughgarden identifies

26 empirical hypotheses, on issues ranging from the evolution of sexual

reproduction and sexual dimorphism to the behavioral ecology of mating,

reproduction, and the rearing of young (237–238). Together, these comprise the

empirical content of social selection theory.

Yet, the empirical hypotheses are not the entirety of the project. Roughgarden’s

first sentence declares that ‘‘this book is about whether selfishness and individuality,

rather than kindness and cooperation, are basic to biological nature’’ (1). My aim

here is to establish the role that this claim plays in Roughgarden’s research program.

The broad-scope theoretical claim that cooperation is basic plays a fundamental and

intriguing role in Roughgarden’s project. Understanding that role uncovers an

important element of Roughgarden’s criticism of sexual selection theory. It also is

key to understanding the nature of Roughgarden’s dissatisfaction with other

accounts of the evolution of cooperation.

Debunking selfishness

Roughgarden’s claim that kindness and cooperation are basic to biological nature is

more than an opening line; it plays an important role in her project. What to make of

that role is part of what is at issue between Roughgarden and sexual selection

theorists. It is also a non-trivial part of understanding social selection theory. In this

section, I critically examine how Roughgarden’s ideas about the basics of biological

nature contribute to her research program.

Near the end of the book, there is a brief argument for the rejection of sexual

selection theory in its entirety. Roughgarden asks the reader to ‘‘consider the

implications of sexual selection being incorrect on all 26 [empirical hypotheses]’’

(247). She argues that, if the sexual selection hypotheses were mutually

independent, the chances that they all would be wrong are vanishingly small. She

concludes that, instead,

some feature common to all 26 propositions in sexual selection must exist to

explain why they are all incorrect at the same time. That feature is that all 26

points derive from a common view of natural behavior predicated on

selfishness, deception, and genetic weeding. If this view of biological nature is

5 Thanks to the Roughgarden Lab at Stanford University and the Griesemer/Millstein Lab at UC Davis

for helpful discussion. Thanks are also owed to Erika Milam, Angela Potochnik, and Joan Roughgarden

for an enjoyable session at ISHPSSB 2009.
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wrong, then deriving any 27th or 28th additional element for [the sexual

selection system] will fail as well. Thus, the sexual selection system cannot be

somehow repaired or sanitized. Its foundation is incorrect (247).

Roughgarden claims that sexual selection theory is a codification of the view that

selfishness etc. characterizes the evolved traits related to gender, sex, and

reproduction. In this passage, she suggests both that the view that selfishness is

basic influences the nature of sexual selection hypotheses and that the incorrectness

of those hypotheses indicates that the belief that selfishness is basic is false.

Let us consider these two ideas individually. According to the first, a view about

what is biologically basic influences the empirical hypotheses that are generated. It

is clear that broad-scope beliefs play this role for Roughgarden’s social selection

theory—namely, the belief that kindness and cooperation are commonplace in the

living world. For example, Roughgarden (2004) initially conceded that the

peacock’s colorful train fits within the sexual selection framework. Takahashi

et al.’s (2008) empirical findings against the role of this train in mate selection led

Roughgarden to reconsider. Her view that cooperation is commonplace in the

animal kingdom then sparked the hypothesis that the peacock’s train fits into that

rubric: perhaps social dynamics, not sexual dynamics, give a colorful train its value.

Empirical findings against the female mate-choice hypothesis occasioned this new

hypothesis, and empirical findings will decide the success of Roughgarden’s

replacement hypothesis. But the formulation of the new hypothesis was surely

influenced by antecedent views about the character of the living world.

In Roughgarden’s view, sexual selection theory is similarly guided by a

commitment to selfishness. If so, that commitment is generally left unarticulated by

sexual selection advocates. Yet, broad-scope beliefs of some sort do play a role in

sexual selection theory. In response to challenges to some sexual selection

hypotheses, Clutton-Brock (2007) responds that ‘‘the theory of sexual selection still

provides a robust framework that explains much of the variation in the development

of secondary sexual characters in males.’’ One role of sexual selection theory is as a

framework that guides the formulation of individual empirical hypotheses, much as

an explicit commitment to cooperation guides Roughgarden’s hypotheses.

Yet, Roughgarden risks overstating the connection between background views

and empirical hypotheses. A view of what is basic to biological nature cannot issue

direct predictions about the living world. Even if kindness and cooperation are

basic, there is a great deal of latitude in how kindness/cooperation is manifested, as

Roughgarden (2004) amply demonstrates. Additionally, views of what is basic to

biological nature not only accommodate a variety of manifestations in the living

world but also allow occasional departures from the pattern. Roughgarden allows

that some behaviors may be best described in terms of conflict, and Clutton-Brock

(2007) allows for instances of mating behavior that do not conform to the pattern of

female choice. A view about what is basic can inspire empirical hypotheses, but it

certainly does not entail them.

The second relationship that Roughgarden posits between the view that

selfishness is basic and sexual selection theory runs in the opposite direction. She

claims that demonstrating that the empirical hypotheses of sexual selection are
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incorrect falsifies the view that selfishness is basic to biological nature. Surely, this

is wrong. Even assuming that the empirical hypotheses in question are motivated by

the view that sexual behavior is based on ‘‘selfishness, deception and genetic

weeding,’’ the failure of those hypotheses does not wholly undermine this view of

biological nature. I have argued that a claim about what is biologically basic does

not prescribe particular empirical hypotheses but is consistent with a variety of

hypotheses. Accordingly, the failure of any number of empirical hypotheses cannot

falsify a view of the basics.

Disconfirmation of any sort seems the wrong way to think about the relationship

between empirical claims and broad-scope claims about what is basic. If the latter

does not issue specific predictions, then it is not directly subject to confirmation or

refutation. A view of what is basic to biological nature is better seen as a guiding

heuristic, judged according to its fruitfulness rather than its truth. The connection

between empirical observations and a claim that, e.g., selfishness is biologically

basic is heavily attenuated. Selfishness may be defined in any number of ways for a

wide variety of phenomena. It is also unclear what range of influence to expect from

a quality dubbed basic. The scientific value of a view about what is biologically

basic is its ability to inspire novel empirical claims, claims that can be confirmed or

disconfirmed.

This idea is supported by points made above. A view of what is basic to

biological nature is compatible with any specific empirical outcomes, indeed, can

engender an array of distinct hypotheses for a single phenomenon. Consider also the

relationship among empirical hypotheses inspired by some view of the basics. Only

for closely related phenomena can the accuracy of a hypothesis for one phenomenon

provide evidence of its accuracy for another. For instance, if a rich cooperative

social network is discovered in one species of birds, this is some evidence for

similar networks in other species. Expectations for similar dynamics in substan-

tively similar evolutionary outcomes are based on more than broad claims about

what is basic to nature. In contrast, the success of hypotheses for more disparate

phenomena is virtually independent. The cooperative rearing of young in birds gives

no evidence that anisogamy (the egg/sperm binary) evolved for mutual advantage,

even if both hypotheses result from the view that cooperation is basic to biological

nature.

Sexual selection hypotheses about the evolution of sex, gender, and reproduction

succeed or fail individually, as relatively independent claims about evolution. The

same is true for Roughgarden’s competing empirical hypotheses. A commitment to

the view that kindness and cooperation are basic does not warrant accepting those

hypotheses, nor does the rejection of that view warrant rejecting those hypotheses.

Some evolutionary outcomes are best described in terms of conflict (203), but this

alone does not undermine the claim that cooperation is ‘‘basic.’’ Similarly, the

success of social selection theory would not falsify, or even disconfirm, the idea that

selfishness is basic. Empirical claims about the world do not proceed in lockstep

with a view of what is basic.

However, a view of what is biologically basic is not entirely beyond the purview

of empirical results. If, as I suggested, a view of the basics should be judged for its

fruitfulness, then an unfruitful view of the basics should be jettisoned. The debate
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over social selection theory includes a disagreement on precisely this point. Each

side accuses the other of imposing a favored worldview that is not reflected in the

living world. Coyne (2004), in a review of Roughgarden (2004), claims that

‘‘[Roughgarden’s] agenda… is explicit and ideological.’’ Roughgarden responds in

kind. She says, ‘‘Neo-Spencerists have not scientifically demonstrated their world

view of nature. They have merely stipulated it and ridicule any alternative view of

nature as romantic wishful thinking’’ (3). Each posits that one view of what is

biologically basic generates plausible empirical hypotheses about gender, sex, and

reproduction and that the competing view is imposed as an interpretation—a

misinterpretation—of those traits. This can be viewed as a disagreement over the

fruitfulness of different views of the basics.

In summary, Roughgarden’s insistence that her book is about what is ‘‘basic to

biological nature’’ is not empty rhetoric. Her criticisms of sexual selection theory

are partly inspired by her commitment to the roles of kindness and cooperation, and

the points of dispute include the role played by competing broad-scope commit-

ments. Roughgarden’s work exemplifies the socially engaged science proposed by

Longino (1990). Yet, Roughgarden’s claim that she has falsified the view that

selfishness is basic is incorrect. Instead, the success of her criticisms should be

judged by whether she has demonstrated that selfishness and deceit are common

evolutionary hypotheses not because they are commonplace in the living world, but

because of a misguided theoretical commitment. Roughgarden should not aim to

falsify a commitment to selfishness but to demonstrate its unfruitfulness.

Accounting for cooperation

Roughgarden distances her approach from other attempts to account for cooperation

in nature. She is critical of accounts of the evolution of altruism in terms of group

selection, reciprocal altruism, or kin selection. Given her emphasis on cooperation,

it is initially a bit mystifying why Roughgarden regards these models for the

emergence of cooperative behavior as foes instead of friends. Here too, her broad-

scope claim that cooperation is basic is at the heart of her criticisms.

Roughgarden’s primary criticism of kin selection and reciprocal altruism is that

both ‘‘are theories whose purpose… is to take the altruism out of altruism—theories

that devise a way to see how cooperative behavior is really deep-down selfishness

after all’’ (3). These theories account for cooperation by showing how cooperative

behavior leads to advantage at the level of genetic inclusive fitness (kin selection) or

as a product of repeated interactions (reciprocal altruism). An advocate of the

‘‘selfish gene’’ view may construe this as selective advantage as the product of

selfishness, either at the genetic or at the individual level (12). This makes

cooperation illusory, thereby violating Roughgarden’s commitment to cooperation

as basic.

Roughgarden’s contention against group selection is that, though theoretically

possible, the differential success of groups is not common. Behavior, even social

behavior, leads to fitness consequences for individuals (12). Roughgarden’s concern

seems to be that group-selection models assume that individual-level selection acts
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against cooperative behavior and is counteracted only by group-level selection for

cooperation. Again, cooperation is taken to be non-basic. In contrast, Roughgarden

expects that ‘‘ordinary individual-level natural selection’’ often favors cooperation

(186). No special appeal to a different level of advantage is needed; cooperation

simply pays off.

Here, Roughgarden’s criticisms of approaches to accounting for cooperation

converge. Roughgarden notes that kin selection models and group-selection models

are mathematically equivalent (e.g., Kerr and Godfrey-Smith 2002) and that both

represent selection acting in opposed directions. Group-selection models represent

individual-level selection against cooperation and group-level selection for coop-

eration. Kin selection models incorporate into a gene’s inclusive fitness the fitness

cost to gene copies in benefactors and the fitness benefit to gene copies in

beneficiaries. Both assume cooperation has a cost. In contrast, Roughgarden’s

commitment to cooperation as basic leads to the expectation that cooperation often

results in direct selective advantage (185–186).

In the levels of selection debate, altruistic behavior is commonly defined as

behavior that benefits others at a personal fitness cost (Sober and Wilson 1998). This

suggests that any behavior that benefits the actor is selfish, a definition that

Roughgarden criticizes. Choosing this dividing line between selfishness and

altruism makes selfishness the evolutionary default: any behavior that results in

individual selective advantage is, by definition, selfish. Any account of the evolution

of cooperation that employs this definition of selfishness—including kin selection,

reciprocal altruism, and group selection—prejudges the question of what is basic to

biological nature.

Roughgarden suggests an alternate definition of cooperation that does not equate

direct fitness advantage with selfishness. She argues that models of social behavior

should explicitly represent both (1) how behavior develops during the life span of

individuals and (2) how behavioral strategies evolve through evolutionary time.

Then, cooperation can be defined in terms of behavioral dynamics, rather than

simply selection dynamics. As Roughgarden et al. put the point,

The distinction between our proposition and previous work is apparent in the

use of the word cooperative, which means only a mutually beneficial outcome

in previous work but describes a process of perceiving and playing the game in

our work (2006, 967).

Defined in terms of behavioral dynamics, cooperation need not involve a cost to

direct fitness. Instead, cooperation is defined by how social interactions are

approached. For example,

through reciprocal calls and physical intimacy, players perceive team fitness

and act accordingly rather than play solely as individuals. Communication

during courtship permits bargaining and promises of side payments (2006,

966–967).

In this scenario, individuals have recourse to bargaining, side payments, and

threat points to ensure mutually advantageous arrangements. Yet, the arrangement
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qualifies as cooperative, for social behavior is employed to accomplish mutual

advantage.

In Roughgarden’s view, other approaches err in the assumption that cooperation

cannot be directly advantageous. Those approaches assume either that cooperation

comes about through a separate form of selective advantage (group fitness or

inclusive fitness) or that cooperation is at root selfishness (reciprocal altruism). In

contrast, Roughgarden claims that ‘‘many instances of cooperative behavior are best

explained as the kind of team play envisioned in our behavioral tier, combined with

ordinary individual-level natural selection in the evolutionary tier’’ (186). She

thinks that once cooperation is adequately defined, it is not an evolutionary enigma,

but a common successful strategy.

This is another role played by the commitment to kindness and cooperation as

basic. Eliminating the assumption that individual advantage simply is selfishness

creates room for the hypothesis that cooperation emerges via individual selective

advantage. Yet, this brings to the fore another difficulty with how Roughgarden

wields her broad-scope theoretical claims. Notice that Roughgarden’s preferred

definition of cooperation applies only to social behavior, to organisms that have the

potential to engage in team play. This is not relevant to some traits Roughgarden

deems cooperative. For instance, she postulates that anisogamy is due to mutual

advantage rather than sexual conflict. But if the physical trait of gamete size is to

count as a cooperative outcome, the definition of cooperation must be altered to

include non-behavioral traits. The behavioral sense of cooperation is not broad

enough to be basic to biological nature.

This illustrates how different conceptions of the basics may lead to an

overemphasis of differences. Roughgarden’s criticism that group selection and

kin selection are not common evolutionary mechanisms is an empirical disagree-

ment with advocates of those views. In contrast, her criticism that group selection,

kin selection, and reciprocal altruism consider all individually advantageous

behavior to be selfish is a dispute about words rather than the world—it hinges on

the definition of ‘‘selfishness’’. Roughgarden’s criticism on this point does not

preclude the possibility of, e.g., successful reciprocal altruism models. It simply

allows for disagreement over whether the behavior in question should be considered

selfish.

If Roughgarden is right that flawed evolutionary explanations result from the

assumption of widespread selfishness, perhaps the proper lesson is not to assume

widespread cooperation, but to avoid committing to any view of what is basic to

biological nature. The success of Roughgarden’s empirical hypotheses will likely

vary from case to case; as Roughgarden readily acknowledges, much empirical

work remains. The extent of empirical differences is also yet to be determined. The

danger of any wholesale commitment to what is basic to nature is that it may

obscure failures of the favored theory and empirical equivalences with other

theories. Perhaps the true value of the claim that cooperation is basic is in its power

to undermine implicit assumptions of the opposite.6

6 Thanks to Joan Roughgarden, Roberta Millstein, Erika Milam, Erol Akçay, and Pria Iyer for helpful

discussion and to Sarah Richardson for useful comments on an earlier draft.
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Author’s response: Joan E. Roughgarden

To Erika Milam

I thank Erika Milam for her analysis of the historical context of The Genial Gene
and for her appreciation of how the book may advance our understanding of the

evolution of social behavior. I address now her primary critical points.

Milam argues that my theory of social selection is not a replacement of sexual

selection, but a special rendition of sexual selection that accords with writings in the

1960s by Drosophila population geneticists such as Dobzhansky (1955), Petit

(1958), and Ehrman (1970) and the avian population geneticist O’Donald (1980),

among others. I accept that my perspective on the evolution of social behavior, with

its emphasis on the naturalness and value of genetic diversity, is more consonant

with those population-genetic workers of the 1960s than it is with later, largely

sociobiological writers in the 1970s such as Dawkins (1976), Hamilton (1964),

Trivers (1972), Parker (1979), among others.

Even though, as Milam points out, social selection might be seen as a form of

what sexual selection was thought to be by some during the 1960s and earlier, it

does differ from what sexual selection is understood to be today. I contend that

today’s sexual selection is basically the same as what Darwin was describing, and I

claim that sexual selection in both Darwin’s and today’s sense is empirically

unsubstantiated and theoretically problematic. Therefore, social selection, in

differing from today’s sexual selection, can qualify as a replacement for sexual

selection, providing it is eventually verified in future empirical and theoretical

research.

To see that Darwin’s vision of sexual selection is essentially the same as today’s

sexual selection, let us simply inspect what both Darwin wrote and what a

contemporary geneticist writes and compare.

Darwin (1981) wrote, ‘‘Males of almost all animals have stronger passions than

females’’, and ‘‘the female… with the rarest of exceptions is less eager than the

male… she is coy’’. These ‘‘coy’’ females choose mates who are either beautiful or

well armed, or both: ‘‘Many female progenitors of the peacock must… have… by

the continued preference of the most beautiful males, rendered the peacock the most

splendid of living birds’’. Similarly, female preference for victorious males caused

males to become ‘‘vigorous and well-armed… just as man can improve the breed of

his game-cocks by the selection of those birds, which are victorious in the cock-pit’’.

All in all, males evolve to be beautiful and well armed, because of female mate

choice.

The geneticist Jerry Coyne (2004) wrote, ‘‘We now understand… Males, who

can produce many offspring with only minimal investment, spread their genes most

effectively by mating promiscuously… Female reproductive output is far more

constrained by the metabolic costs of producing eggs or offspring, and thus a

female’s interests are served more by mate quality than by mate quantity’’.

Coyne’s present-day narrative is identical to Darwin’s, excepting that passionate

male has become promiscuous male and coy female has become constrained female.

That is, passionate/promiscuous males with cheap sperm are constantly searching
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for chances to mate, and coy/constrained females with expensive eggs ascertain

which males have the best ornaments or armaments/genes.

In both Darwin’s and Coyne’s narrative, the males can be objectively ranked in

terms of heritable quality and females try to identify the highest male in the quality

hierarchy and settle for whom they can get. This is precisely the narrative taught

today as established fact in standard college biology curricula and textbooks.

I claim that this story simply does not take place in nature. There are no

regularities of the sort Darwin claimed—females are not generally coy nor males

generally more passionate than females, sperm is not generally cheap, females are

not often constrained by their eggs, nor do they ever bother to select mates on the

basis of genetic quality, and no hierarchy of genetic quality exists among males, and

so forth. The whole story is nothing but a tall tale.

Moreover, the standard sexual selection story does not make theoretical sense

when carefully considered because of the ‘‘paradox of the lek’’ (impossibility of

maintaining a continuous supply of bad genes to sustain female choice for continued

genetic weeding) and the inability of animals ever to discern minuscule fitness

differences that result from differences in the number of weakly deleterious

mutations accumulated by different individuals.

I suggest something else altogether is going on. Females are choosing mates to

maximize offspring number, not genetic quality; males indeed care about successful

rearing of offspring for otherwise their expensive sperm will have been cast to the

wind. And so on. The Genial Gene develops an extensive account of what is

happening in reproductive social behavior that point by point differs from what

today’s sexual selection, or its extensions, envision. In this sense, it is correct, I

believe, to assert that social selection is an alternative and potentially a replacement

for sexual selection.

Milam argues that the primary importance of social selection lies in how it ‘‘is

part of a much larger project, a radical re-envisioning of the evolution of social

behavior in animals based on an acceptance of the complexity of animal mind that

has become current only in the last decade or so’’. She discounts the importance of

contrasting social selection with sexual selection. I accept that social selection is

indeed a re-envisioning of social evolution that awards to animals sophistication in

decision making that goes far beyond what would have seemed plausible several

decades ago when the work of Lorenz (1937), Skinner (1938), and Tinbergen (1951)

was current. And she may indeed be right that discussions of the contrast between

social selection and sexual selection may turn out in the long run to be less

important than discussion of the implications for how social selection offers a theory

for the evolution of social behavior that incorporates a ‘‘reinvigorated view of

animal mind’’ as it develops a ‘‘new set of analytical tools’’.

To Roberta Millstein

I thank Roberta Millstein for providing helpful clarification of the distinctions

among natural selection, sexual selection, and social selection and for her defense of

how social selection can be seen as new and revolutionary proposal in light of a
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causal analysis of the processes that produce these three forms of selection. I turn

now to the points of disagreement.

Millstein observes that sexual selection suffers from a multiplicity of definitions

and models, many of which are inconsistent with one another. A confusion about

exactly what sexual selection means unfortunately is present in Darwin’s original

writings on the topic. Attempts at divining what Darwin really meant can resemble a

psychic trying to speak with the dead. On the one hand, in a single passage, Darwin

offers what might seem to be a clear generic definition: sexual selection is a ‘‘kind

of selection’’ that ‘‘depends on the advantage which certain individuals have over

other individuals of the same sex and species, in exclusive relation to reproduction’’.

On the other hand, in many passages, Darwin characterizes sexual selection in terms

of highly gendered mating strategies. Millstein notes that Darwin has three

references to females being coy and requiring courtship, whereas I would add that

his generic definition occurs in only one passage. And Millstein acknowledges that

Darwin frequently writes, and evidently believed, that in general females are coy

and males eager, with the ‘‘rarest of exceptions’’. Still, Millstein does not think the

stereotypical sex roles are Darwin’s central focus. The blame for emphasis on the

stereotypical sex roles should instead be placed with later readers of Darwin. And

Millstein claims that coyness is a phenomenon to be explained by sexual selection

theory, not part of the theory itself. Well, I do not see it. I see no reason to let

Darwin off the hook on this matter, pinning the blame on later workers. Female

coyness is indeed a central part of Darwin’s theory because females are primarily

doing the mate choosing and, in doing so, inherently can be accused of seeming coy

and requiring of courtship while they accumulate the experience and evidence upon

which to make their choice.

Similarly, Millstein wants to excuse Darwin from responsibility for a gendered

characterization of the ‘‘sexual struggle’’. She acknowledges that same-sex combat

is intended to refer to male–male combat and that mate choice based on esthetic

criteria is intended for female choice of males but says that Darwin nonetheless

described the sexual struggle in a sex-neutral manner. Not really. Although Darwin

is aware of some sex-role-reversed species, in such cases, he describes the male as

acting like a female and vice versa. The phenomenon of sex-role reversal remains

problematic today. And Millstein refers to female choice of armed males as a

‘‘hybrid’’ between same-sex combat and esthetic preference. Not so. Darwin is clear

that the female esthetic is supposed to favor both ornaments and armaments, which

conveniently aligns the female esthetic with victory in male–male combat. In my

opinion, the best tribute to Darwin is say up front when he is right and when he is

wrong and not to cast his writings in a way to make him appear always correct. I

appreciate that Professor Millstein and I have an honest disagreement about how

Darwin is to be read. Yet, from my perspective, I find it hard to locate Millstein’s

interpretation outside the industry of Darwinian apologia occasioned by recent

anniversary celebrations of Darwin’s publications.

Anyway, all this discussion of what Darwin really meant is beside the point of

how to distinguish natural selection from sexual selection from social selection,

which I think is the main value of Millstein’s contribution. As Millstein notes, most

biologists today use ‘‘natural selection’’ as an umbrella term that subsumes the many
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ways in which natural selection occurs. We will need two words then. What we might

term ‘‘wide-sense natural selection’’ is today’s umbrella-natural selection, and

‘‘narrow-sense natural selection’’ is the natural selection that Darwin was distin-

guishing from sexual selection, as Millstein details in the first column of her Table 1.

I accept Millstein’s account of social selection and think that the columns of

Table 1 offer a marvelously clear distinction among (narrow-sense) natural

selection, sexual selection, and social selection. I also accept Millstein’s suggestion

that my use of the word ‘‘success’’, as in ‘‘success in parenting’’, should be replaced

by the word ‘‘ability’’, rendering the phrase as ‘‘ability in parenting’’ to avoid any

slippage into circularity.

I think that Millstein’s introduction of causal process analysis to the discussion of

sexual selection is an important clarifying innovation. I look forward to seeing the

approach extended to certain other ‘‘types’’ of selection discussed in the

evolutionary literature, such as r-selection and K-selection, by augmenting

Millstein’s Table 1 with additional columns.

To Angela Potochnik

I thank Angela Potochnik for engaging what I feel is the most important

philosophical issue to be raised by The Genial Gene, namely the epistemological

status of general claims about the basics of biological nature. Of all the reviews and

commentaries that the book has received, Potochnik’s contribution is the first to

consider what it means to hold a position on the general character of biological

nature, including, by extension, our own human nature.

Potochnik’s view of the epistemological status of general claims about biological

nature is that they are guiding heuristics, not truth claims. She writes, ‘‘what is basic

to biological nature is better seen as a guiding heuristic, judged according to its

fruitfulness rather than its truth’’. As such, ‘‘A view about what is basic can inspire

empirical hypotheses, but it certainly does not entail them’’. And again, ‘‘A view of

what is basic to biological nature cannot issue direct predictions about the living

world’’. Hence, ‘‘a view of the basics should be judged for its fruitfulness’’ not its

truth. Thus, ‘‘Roughgarden’s claim that she has falsified the view that selfishness is

basic is incorrect’’ and ‘‘Roughgarden should not aim to falsify a commitment to

selfishness, but to demonstrate its unfruitfulness’’.

Obviously, I completely disagree with Potochnik concerning the epistemological

status of general claims about biological nature. My position is that such claims are

neither heuristics nor merely metaphors but are indeed offered as universal

empirical claims about nature. My position is that such claims do formally entail, as

a matter of logic, certain predictions, that such claims can therefore be logically

falsified by falsifying their consequents, and that such claims do have truth value

and thus may be determined as true or false through empirical investigation.

How would one settle the disagreement between Potochnik’s and my view of the

status of selfishness as a general characteristic of biological nature? I suggest we

consult how the premise that biological nature is founded on selfishness is used. I

quote at length from David Beldon (2009) who reviewed The Genial Gene for a lay

audience in the magazine Tikkun. Beldon writes, ‘‘I still have my 1978 paperback
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edition of Richard Dawkins’s The Selfish Gene… Two of my best friends, animal

behaviorists, gave it to me to explain their world… Altruism is just a variety of

selfishness. I was persuaded by my expert friends’ certainty as well as by Dawkins’s

logic… [that] to build a culture based on unselfish values, we have to be aware of

our selfish genes and deal with them. This is the conclusion I drew after reading

Dawkins. The carpenter cannot create a functional and beautiful staircase if she

doesn’t know the wood: working against the grain just creates a mess’’. This quote

indicates that at least some people, I suspect a very great many, think that the

phrase, ‘‘selfish gene’’ refers to a universal state of nature that we must be aware of

and contend with. The phrase is taken as referring to a fact of nature, unlike say, the

phrases, ‘‘life is tough’’, or ‘‘keep a happy face’’, both with possible heuristic value

that one would not think of trying to falsify.

Not only has the educated lay public been told on behalf of evolutionary biology

that biological nature is selfish, scientists too use the notion of selfishness as a

working premise. Godfray (2005), writing about parent–offspring conflict in the

‘‘Quick Guide’’ section of the journal, Current Biology, admonishes the reader to

think in terms of selfish genes. Godfray says rhetorically, to the reader, ‘‘you are

viewing evolution in terms of the fitness of individuals rather than genes. Most of

the time it makes no difference but this [parent-offspring conflict] is one of the

situations where an explicit gene’s-eye view is essential. The selfish gene [leading

to parent-offspring conflict] spreads because it does better than alternative ‘non-

selfish’ alleles at the same locus’’.

Indeed, the topic of parent–offspring conflict nicely illustrates how the notion of

selfishness in biological nature entails specific predictions. Assume two chicks are

calling for food from a parent. On the one hand, assume nature is selfish. Then, the

chicks’ calling is intended to manipulate the parent into providing more food than is

in the parent’s own best interest (parent–offspring conflict) and is intended to

manipulate the parent into giving each chick food that the other chick needs (sib–sib

conflict). On the other hand, assume nature is cooperative. Then, the chicks are

honestly signaling their need. The parent can adjust food distribution to guarantee

that the chicks are awarded food, each according to its need, to maximize the family

prosperity.

The issue here is not which is correct; the point is different predictions about the

honesty of the chicks’ signaling are entailed by the assumptions of selfishness and

cooperativeness. And indeed, evidence that the chicks do signal honestly has

required developing the theory of costly signaling as a way of reconciling the

chicks’ honesty with the assumption of selfishness. Potochnik argues that ‘‘a claim

about what is biologically basic does not prescribe particular empirical hypotheses’’.

To the contrary, the assumption of selfishness does entail when accompanied with

particularizing assumptions, specific predictions. Therefore, viewing general claims

about selfishness as subject to ‘‘disconfirmation’’, and indeed, to empirical

falsification, is entirely appropriate.

Moreover, if one prediction after another that relies on selfishness is found to be

incorrect, a full 26 are enumerated in The Genial Gene, then eventually the

assumption of selfishness itself draws suspicion, rather than one of the many

particularizing assumptions that also participate in deriving specific predictions.
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Sexual selection hypotheses are clearly not a collection of ‘‘relatively independent

claims about evolution’’ as Potochnik asserts but are a carefully woven tapestry of

explanation for a cluster of related phenomena all pertaining to reproduction, sex,

gender, and sexuality. This entire tapestry is falsifiable, indeed actually false, in my

judgment. Although Potochnik wishes to assess sexual selection and social selection

in terms of whether they are fruitful, rather than whether they are true, it is difficult

to see how a false scientific theory could be considered fruitful. Even though we can

all applaud the role sexual selection theories have had in stimulating discussion and

leading to academic employment, their political and economic fruitfulness is

irrelevant to the final assessment of scientific fruitfulness.

In defense of Dawkins (1976), Ruse (2009) has complained that my criticism of

the selfish gene concept is unfair because the selfish gene is merely a metaphor.

Ruse does not understand that over the last nearly 40 years, the selfish gene has

been promoted from its standing as a clever turn of phrase, perhaps a metaphor, to a

statement about basic biological nature. My point is that the universal selfishness

alluded to by the phrase, selfish gene, does not in fact occur, and I offer as evidence

that all predictions derived from that premise fail under empirical examination.

Instead, the data would seem more to support a universal degree of cooperation in

nature.

Potochnik’s commentary is also the first to appreciate the distinction in The
Genial Gene between how cooperation evolves by team play rather than by kin/

group/multilevel selection as traditionally assumed in evolutionary biology.

Potochnik writes,

Group selection models represent individual-level selection against cooper-

ation and group-level selection for cooperation, while kin selection models

incorporate into a gene’s inclusive fitness the fitness cost to gene-copies in

benefactors and the fitness benefit to gene-copies in beneficiaries. Both assume

cooperation has a cost. In contrast, Roughgarden’s commitment to cooperation

as basic leads her to expect that cooperation often results in direct selective

advantage…. Defined in terms of behavioral dynamics, cooperation need not

involve a cost to direct fitness. Instead, cooperation is defined by how social

interactions are approached.

Potochnik’s clear understanding of team-play contrasts with the confusion of

Okasha et al. (2009) who try to force the idea of team play into their own group-

selection framework, even though team play obviously does not involve opposing

selection at two levels (multilevel selection). Okasha et al. (2009) write, ‘‘certain

aspects of Roughgarden’s own theory seem conceptually close to group selection, in

particular her idea that in common-interest interactions, pairs of animals try to

maximise a ‘team fitness function’’’. This misunderstanding is disappointing in view

of the clear distinction between two-tier models of The Genial Gene in which the

lower tier is not a selection process at all but consists of within-generation

behavioral or developmental dynamics, and only the upper tier features a selection

process. The Genial Gene’s two-tier formulation is more in the spirit of ‘‘evo/devo’’

models in which the lower level consists of developmental dynamics and the higher

level consists of evolutionary dynamics, than of multilevel selection models.
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Potochnik does a service in clarifying this distinction between two-tier and

multilevel models and in showing how adopting a two-tier framing for the evolution

of cooperation does away with the requirement of assuming that cooperation (or

altruism) is inherently opposed by natural selection so that it must be supported by

counter selection at some higher level. Instead, through team play, a cooperating

individual directly benefits from their cooperative behavior, and the trait for

cooperation can therefore evolve by ordinary natural selection.7
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Abstract An historically important conception of the unity of science is explan-

atory reductionism, according to which the unity of science is achieved by

explaining all laws of science in terms of their connection to microphysical law.

There is, however, a separate tradition that advocates the unity of science.

According to that tradition, the unity of science consists of the coordination of

diverse fields of science, none of which is taken to have privileged epistemic status.

This alternate conception has roots in Otto Neurath’s notion of unified science. In

this paper, I develop a version of the coordination approach to unity that is inspired

by Neurath’s views. The resulting conception of the unity of science achieves aims

similar to those of explanatory reductionism, but does so in a radically different

way. As a result, it is immune to the criticisms facing explanatory reductionism.

This conception of unity is also importantly different from the view that science is

disunified, and I conclude by demonstrating how it accords better with scientific

practice than do conceptions of the disunity of science.

Since the mid-twentieth century, the thesis of the unity of science typically has been

taken to consist in explanatory reductionism.1 On that view, the unity of science is

achieved through the vindication of the special sciences by finding their basis in

microphysical law. Yet there is another, somewhat neglected tradition with a wholly

different conception of the unity of science. According to that tradition, the unity of

science is achieved via the coordination of diverse fields of science, none of which

is taken to have privileged epistemic status. This alternate conception has roots in
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Otto Neurath’s notion of unified science. I will call this family of views coordinate
unity, in contrast to reductive unity.

Advocates of the disunity of science focus their criticisms on reductive unity.

Dupré (1993), for instance, devotes most of his attention to undermining

explanatory reductionism. He quickly dismisses Darden and Maull’s (1977)

coordinate sense of unity, saying that it only amounts to the claim that ‘‘no form

of knowledge production can be entirely isolated from all others’’ (1993, p. 227).

Yet the idea that the unity of science consists in the egalitarian coordination of fields

should not be dismissed so casually. In this paper, I develop a version of that thesis,

and I argue that it is a substantive and promising conception of the unity of science.

My conception of coordinate unity is based on the idea that grappling with the

world’s complex web of causal influences requires the collaboration of diverse

fields of science, despite the various differences among those fields. The resources

of separate fields and subfields of science must be regularly brought together in

order to facilitate scientific progress, and this constitutes a meaningful sense in

which science is a unified whole. In Sect. 1, I outline Neurath’s conception of

unified science and sketch the present version of coordinate unity that it inspires. I

discuss the methodological hallmarks of this form of unity in Sect. 2. In Sect. 3, I

show how this coordinate unity achieves aims similar to those of reductive

conceptions of the unity of science, and yet avoids the pitfalls of reductive unity.

Finally, in Sect. 4, I ague that this coordinate unity is a substantive and distinctive

form of the unity of science, and that it accords better with scientific practice than

do prominent conceptions of the disunity of science. Advocates of the disunity of

science are largely successful in their criticisms of reductive unity, but it is overly

hasty to conclude from that success that there is no meaningful sense in which

science is a unified whole.

1 Neurath’s Unified Science and Causal Complexity

The account of the unity of science that I develop here is inspired by a feature of

Neurath’s conception of unified science, or Einheitswissenschaft. Among the

members of the Vienna Circle, Neurath was the most active proponent of the unity

of science. Prominent advocates of explanatory reductionism—Oppenheim and

Putnam (1958), Nagel (1961), and Hempel (1966)—were directly influenced by the

logical empiricism of the Vienna Circle, but their reductive approach to unity bears

little resemblance to Neurath’s view. Instead, Neurath’s unified science is a

precursor to the approach to the unity of science that I term coordinate unity.2

Neurath’s vision of unified science is, at root, a practical aim: the bringing

together of scientists in distinct fields of science in order to facilitate communication

and interconnection. Neurath thinks that a prior determination of the forms of

interconnection would be impossible. As he puts the point, ‘‘instead of aiming at a

2 Views that I take to be versions of coordinate unity have been developed by Darden and Maull (1977),

Bechtel (1984), Mitchell (2003), Grantham (2004); and specifically for neuroscience, Craver (2005). I

briefly address the relationship between my view and these other accounts in Sect. 2.
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synthesis of the different sciences on the basis of a prior and independent

philosophy, the special sciences will themselves supply their own synthesizing

glue’’ (Neurath 1937, p. 172). Because there is no preconceived notion of the ways

in which the different parts of science will fit together, unified science will not

create a complete, all-encompassing system, such as Carnap’s logischet Aufbau was

intended to be. Instead, unified science is an ongoing process of systematization

without a specific result in mind. This process of systematization is fostered by

collaboration amongst diverse scientific endeavors. The result is simply ‘‘a

preliminary assemblage of knowledge ... the totality of scientific matter now at

our disposal’’ (Neurath 1936a, p. 146).

Neurath outlines several forms of collaboration. To begin with, the unification of

scientific language ensures that terminology and symbolism are used in as consistent

of a manner as possible among all disciplines. Yet Neurath cautions that this should

not be taken so far as to conceal the ambiguity that, in his view, is an essential

feature of the commonsense terms that ground science (Neurath 1936c; Cartwright

et al. 1996). Another form of collaboration is the unification of auxiliary procedures.

These are tools like, for example, probability theory that may be called into use

repeatedly in different contexts and for different problems. Finally, as far as the

subject matter of science is concerned, Neurath writes that ‘‘of greatest importance

also is the linking of disciplines among themselves by the establishment of ‘cross-

connections’ ’’ (1936a, p. 155). It was to this end that Neurath helped plan the

development of the International Encyclopedia of Unified Science. The Encyclo-
pedia was to be a series of monographs by various philosophers and scientists, and

its express aim was to provide a vehicle for progress in the ‘‘science of science’’.

Armed with an appreciation for the diversity of scientific endeavors, scientists and

philosophers could work toward developing science as a unified whole (Neurath

1936b; Reisch 1994).

In Neurath’s view, the need for these forms of collaboration arises in the process

of applying science to particular problems. He writes,

We avoid pseudo-problems of all kinds if, in the analysis of sciences, we set

out from predictions, their formulation and their control. But it is precisely this

starting point that is little suited for the delimitation of special disciplines. One

does not arrive at individual disciplines of stars, stones, plants, animals during

the deduction of certain predictions, because time and again the conjunction of

statements of different origin become necessary (1936b, p. 132).

In other words, scientific practice forces upon us connections among different parts

of science. Predicting and accounting for phenomena in the natural and social world

require that distinct scientific disciplines work in conjunction. This aspect of

Neurath’s view is, to my mind, the crucial point. It indicates a form of

interconnection that is distinctive to science. Simply put, evidential relationships

do not respect field boundaries. Accurately treating phenomena of interest regularly

requires collaboration among different fields of science, despite divergences in

terminology, methodology, and domains of inquiry.

Consider an example from evolutionary biology. Takahashi et al. (2008)

investigate the role of mate choice in the evolution of the peacock’s colorful train.
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The researchers observed a population of peafowl for several years; their observations

show that the length and elaborateness of trains actually do not affect peacocks’

mating success. This approach is typical to field ecology, but the study does not end

there. Takahashi et al. also cite findings from phylogeny and endocrinology that

support their conclusion. They note that these features of peacock trains have been

found to be under estrogen control (Owens and Short 1995), and that male plumage

under estrogen control has been found to be disregarded in mate-choice by peahens.

They also cite a molecular phylogeny finding that suggests that all peafowl had bright

tail-plumage in the evolutionary past (Kimball et al. 2001). Instead of peacocks

evolving a more elaborate train, as is commonly assumed, peahens actually evolved a

less ornamental appearance. These findings further undermine the idea that the

peacock’s colorful train evolved because of peahen mate choice.

Takahashi et al. (2008) define their project not by methodology or by field of

research, but by a particular phenomenon of interest: the existence of the peacock’s

colorful train, with an eye toward sorting out what role, if any, mate choice played

in its evolution. Their study incorporates field ecology, phylogeny and endocrinol-

ogy. Though the focus is the train’s influence on mating opportunities, which would

be a source of selective advantage, other causal influences on the peacock’s train are

taken into account. Evidence marshaled from endocrinology provides insight into

the developmental causes of the colorful train, and how these developmental causes

interact with selection. Phylogenetic evidence provides information about where to

look for causal arrows in evolutionary history. It emerges that the proper question is

not what caused peacocks to evolve more colorful trains than peahens, but what

caused peahens to evolve dull coloring and smaller trains from an ancestral state of

colorful, long trains.

Takahashi et al.’s work illustrates how transcending field boundaries can help

untangle the evidential interrelationships that result from the interaction of diverse

causal factors. This is a common situation in biology. A myriad of causal factors

influence the traits of organisms. These include the features of the ecological and

social environment that affect trait fitness; direct environmental influence on traits

(phenotypic plasticity); genetic influences; the developmental pathways by which

these genes exert their influence; epigenetic forms of inheritance; and constraints

created by other traits of the organisms, both current and in the evolutionary past.

Many other biological phenomena are in a similar boat. Moreover, such causal

complexity is not even special to biology. Consider the diverse causal factors

involved in climate change, disease epidemics, and even the course of a dollar bill

caught in the wind.3 How a dollar travels in the wind even depends on the size,

shape and material of the bill, all of which have social causes.

The world is a complicated place, with causal arrows pointing every which way.4

This is why evidential interrelationships transcend field boundaries and, consequently,

why different fields of science benefit from collaboration. This is the basis for a strong

3 This last example is like one introduced by Neurath (1987) and discussed by Cartwright (1999) for a

different purpose.
4 I do not assume any particular analysis of causation in this paper; several analyses would work equally

well for my purposes, including, e.g., the counterfactual, process, and manipulation views. However, I do

assume the existence of high-level causal relationships.
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coordinate sense of the unity of science. Because we live in a complex world, with

causal relationships that do not abide by field boundaries, the coordination of various

fields, subfields and research programs facilitates the success of science.

2 The Coordination of Science

As illustrated by Takahashi et al.’s (2008) research on the peacock’s colorful train,

evidential relationships that cross field boundaries influence the methodology of

science. These methodological effects are the hallmarks of my version of coordinate

unity. At least three forms of collaboration among different research programs aid

evidence-gathering in the face of causal complexity. First and most obviously,

making use of evidence from diverse sources involves sorting out the type and

direction of causal interactions. This is true both for establishing broad patterns of

causal influence, as well as for establishing whether particular instances fit into

those patterns of influence. Both of these forms of causal analysis occur in

Takahashi et al.’s investigation of the influence of mate choice on the evolution of

the peacock’s colorful train. For instance, the researchers appeal to the finding that

male plumage under estrogen control is typically disregarded in peahen mate-

choice. This finding regards a general pattern of causal influence, or really non-

influence: male plumage under estrogen control tends not to influence peahen

mating behavior. The finding that the peacock’s train is under estrogen control

suggests that the train is likely to accord with that causal pattern; Takahashi et al.’s

field study is a first step to confirming this. Establishing the nature of the causal

pattern between estrogen-controlled traits and mating behavior in peafowl, as well

as establishing the relevance of this to the peacock’s train, involves sorting out

causal relationships between developmental processes and selective influence. This

is so even though these processes are often targets of separate investigations. For

that reason, such causal investigation often benefits from collaboration among

different labs, different subfields, and sometimes even different fields of science.

A second type of collaboration that can be important to sorting out evidential

relationships that cross field boundaries is terminological clarification. The

terminology of different fields may diverge, even if their investigations are related,

and differences in terminology can block the way to effective evidence-sharing.

Fields may even employ the same terms in different ways. Locating overlaps and

discrepancies in the terminology of different investigations helps identify the nature

of causal interactions that span those investigations and, consequently, helps prevent

mistaken inferences. The use of the term ‘‘gene’’ is a clear example of this. The

clearest divergence in the concept of a gene occurs between classical genetics and

molecular genetics, but some argue that the gene concept varies even within each of

these theoretical contexts (Kitcher 1992; Dupré 1993; Rosenberg 1994). Consider

how different working definitions of ‘gene’ manifest in causal claims. For instance,

the relative causal importance of natural selection and genetic drift may depend on

whether the gene is understood in the classical sense or the molecular sense. This is

one issue at stake in the discussion of the neutral theory of molecular evolution

(Kimura 1983).
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Third, a more ambitious step toward understanding evidential relationships that

transcend field boundaries is the development of integrated models, viz., models

that represent the interplay of causal dynamics that are traditionally treated

separately. This sort of model integration is suggested by Roughgarden (2009) for

the evolutionary influences and functional influences on behavioral traits. Rough-

garden points out that many behaviors, such as a bird’s allocation of effort to

foraging versus nest-guarding, are the product of selection working on a set of

conditional strategies. She consequently suggests integrated models that simulta-

neously represent selection pressures and the conditional strategies that influence an

individual animal’s actual behaviors. Integrated models can provide a framework

for sorting out causal relationships and evaluating evidential relevance.

However, developing models that systematically integrate diverse causal

influences can require overcoming a host of problems. If causes interact in different

ways in different specific cases, as is certainly the case in evolution, then integrated

models will be highly specific and not widely applicable (Mitchell 2003).

Additionally, modeling approaches may resist integration. For instance, genetic

models of evolution represent evolutionary change generation by generation,

whereas phenotypic optimality models are equilibrium models that represent only

the long-term effects of evolution. This difference is no accident: phenotypic

evolutionary change behaves predictably only in the long term, whereas the role of

individual genes is most easily discerned in generational change (Eshel and

Feldman 2001; Godfrey-Smith and Wilkins 2008). It is difficult to imagine how

these different approaches would be synthesized (James Griesemer, conversation).

Thus, while the integration of models can help sort out evidential relationships that

cross field boundaries, integrated models will not always be possible or useful.

I have connected the conception of unity advocated here to a number of other

views, which I have grouped under the heading of ‘‘coordinate unity.’’ These

include (Darden and Maull 1977; Bechtel 1984; Mitchell 2003; Grantham 2004),

and specifically for neuroscience (Craver 2005). I do not want to overstate the

differences between my view and what I take to be kindred views, but I should

briefly indicate what is distinctive—and advantageous—about my particular version

of coordinate unity. My diagnosis of causal complexity and the resultant evidential

interconnections as the impetus for unity leads to a focus exclusively on forms of

collaboration that result from grappling with that causal complexity. This is a

narrower conception of unity than the range of interfield connections that Darden

and Maull (1977) and Grantham (2004) advocate, and it is broader than the focus on

mechanisms that Bechtel (1984) and Craver (2005) urge. I suspect that that range of

interconnections (e.g., part-whole, structure-function, as well as mechanistic

relationships) can be productively viewed as versions of causal interconnections.5

5 To clarify: my claim is not that these types of relationships are causal relationships, but that the

interconnections that others have placed in these categories can instead be understood in terms of causal

connections among fields. For instance, Darden and Maull’s (1977) main example of a part-whole

relationship is Mendelian genes, which were discovered to be parts of chromosomes. An alternate view is

that molecular genetics furnishes information about causal processes involving Mendelian genes, e.g., the

molecular causes of mutant alleles and the causal processes that lead to genes’ phenotypic effects (cf.

Kitcher 1984).
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Additionally, the present view differs from many versions of coordinate unity in not

advocating interfield theories, but piecemeal integration of the sort Neurath

envisions. Finally, though my view has much in common with (Mitchell 2003), I do

not expect unity across fields to furnish explanations (see Sect. 3).

In my view, the unity of science consists in the coordination of different fields of

science to the end of improving the success of science in the face of widespread

causal complexity. This coordination may involve sorting out causal patterns among

phenomena investigated in different fields; puzzling through terminological

variation among fields; and developing integrated models to simultaneously

represent diverse causal influences. There very well may be additional methods

that aid in sorting out evidential interrelationships. These methodological features

are hallmarks of the unity of science, but they do not constitute it. The unity of

science comprises all forms of coordination among fields that result from the shared

problem of finding and evaluating evidence in the face of causal complexity, a

problem that is special to science.

3 Coordinate Unity versus Reductive Unity

This formulation of the unity of science has little in common with the classical

notion of unity as explanatory reductionism. It is inspired instead by the alternate

tradition of coordinate unity and, especially, Neurath’s notion of unified science.

Despite their fundamental differences, this conception of coordinate unity achieves

some of the goals of explanatory reductionism. Yet it approaches those goals in a

radically different way, thereby avoiding well-known pitfalls of reductionism.

The basic goal of explanatory reductionism, as articulated by Oppenheim and

Putnam (1958), Nagel (1961), and Hempel (1966), was the epistemic vindication of

the special sciences by discovering their foundation in microphysics. The hope was

that all laws in the special sciences—that is, laws with a limited domain of

application—could ultimately be derived from fully general, exceptionless micro-

physical laws. The project sprang from a commitment to physicalism, understood as

the claim that all events are ultimately microphysical events. Oppenheim and

Putnam (1958) claim that the rejection of vitalism and similar views leads to

explanatory reductionism. The idea is that, if all events are ultimately microphysical

events, then all regularities must result from the laws that govern microphysical

goings-on and thus should be explainable by those microphysical laws. Without this

relationship to the fundamental laws of physics, law-like patterns at higher levels of

description would seem to be without explanation. If this is right, then legitimate

science posits only regularities that can be vindicated/explained through micro-

physics. With this last move arrives the hope that explanatory reductionism can

provide a way to demarcate science from nonscience.

Many criticisms have been leveled against explanatory reductionism over the

past several decades. Fodor (1974) argues that the fact that physical properties

multiply realize properties dealt with in the special sciences impedes reduction;

Kitcher (1984) also endorses the idea of multiple realization and maintains that

explanatory relations can run in any direction among the distinct, autonomous levels
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of explanation. Dupré (1993) pushes further in this direction: he argues that distinct

fields of inquiry employ noncoincident natural kinds that cross-classify the world, so

even multiple realization is unrealistic. Cartwright (1983, 1999) locates the problem

in the disparate, strong idealizations made in the process of employing different

theoretical models. All of these criticisms share a common feature. Each moves

from observations about the complexity of the world to the conclusion that

explanatory reductionism is wrong.

My concern here is not to analyze these criticisms of explanatory reductionism,

but to show that the complexity of the world poses no problems for my conception

of coordinate unity. Indeed, causal complexity is what inspires this conception of

the unity of science. Explanatory reductionism relies upon supervenience relation-

ships to connect the subject matter of different fields of science in an explanatory

way, and those supervenience relationships and their explanatory value are the

target of the criticisms outlined above. In contrast, the present conception of

coordinate unity is independent of the metaphysical issue of supervenience. The

focal relationships unifying diverse fields of science are causal relationships.

Complex, interwoven causal processes generate the need for coordination and

collaboration among different fields of science, regardless of whether all phenomena

supervene on microphysical phenomena. This coordination among fields is also

independent of one’s views about scientific explanation. The goal is simply to take

into account evidential relationships that transcend field boundaries, and this may

not furnish explanations.6

Shifting the focus to causal relationships yields a very different picture of

connections among fields. The posited relationship is not among ontological levels

of organization, but among fields of research (cf. Darden and Maull 1977; Grantham

2004). Reduction must go in a single direction—downward through levels of

organization. In contrast, causal influence can run in any direction among

phenomena dealt with in various fields. Accordingly, this conception of coordinate

unity does not privilege a single field of science, nor does it promise systematic

relations among fields. A hodgepodge of connections among fields spring up in

response to evidential interrelationships that result from causal complexity. This

picture is not threatened by antireductionists’ observations of multiple realizability,

disparities in the classification of kinds, or different forms of idealization. To the

contrary, each complicates science such that the methodological steps outlined in

Sect. 2 are even more essential.

Despite bearing little in common with a reductive approach to the unity of

science, this conception of coordinate unity can achieve some similar goals to those

of classic explanatory reductionism. First, there is the search for a firmer epistemic

grounding for the special sciences. The reductionist approach to this search is

impractical at best. Even granting metaphysical supervenience and setting aside

multiple realizability and other concerns, current microphysics is ill-equipped to

vindicate the special sciences. We might hold on to the hope that an eventual,

ultimate physics could have special epistemic bearing on other fields of science, as

6 See Potochnik (2010a) for a discussion of how epistemic aims and explanatory aims are often in tension

in science.
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Oppenheim and Putnam (1958) proposed. But that hope is of little epistemic value

to current science, and I see no grounds for expecting an ultimate physics to be any

closer at hand than a correspondingly strong epistemic position for any other field of

science. Indeed, solid epistemic grounding may prove more forthcoming for these

fields of science than for microphysics. Batterman (2002) and Strevens (2006), for

instance, suggest alternate sources for higher-level regularities in fields such as

optics, thermodynamics, and population ecology.

The conception of coordinate unity suggested here offers a different approach to

an improved epistemic position for the sciences. Systems of mutual revision and

reinforcement created by the sharing of evidence are incredibly important to the

success of science. Different scientific investigations differ in their agendas and

their tools. Yet the phenomena they investigate are not isolated events, but different

parts of an intricate causal web. Investigations often can gain valuable data from

other research programs, including some that are at first glance unrelated. The

coordinate unity of science strengthens the epistemic positioning of all fields of

science via the sharing of evidence. This epistemic strengthening of investigations is

not unilateral, but multidirectional: evidence can come from any direction, from

unanticipated sources, and evidential relationships are often mutually beneficial to

the fields involved.

As an illustration of an unlikely collaboration that leads to mutual epistemic

gain, consider the emerging area of investigation called biogeophysics. Biogeo-

physics examines the causal relationships between microorganisms in the Earth

and geological features. Recent work by researchers in the fields of microbiology

and geophysics has shown that microbial activity influences subsurface geological

features, and conversely, that geological properties influence microbial activity

(Atekwana et al. 2000). These findings were initially surprising; some were

resistant to the idea that such disparate types of phenomena—one tiny and quick-

acting and the other enormous and slow to change—could influence one another

(Estella Atekwana, conversation). The key to both is conductivity: electron-

transport is important to microbes, and conductivity is an important geological

influence. The discovery of this causal interrelationship has led to breakthroughs

for both microbiology and geophysics. It demonstrates that microbial features

must be taken into account when investigating geophysical properties, and that

understanding microbial activity involves considering the geophysical properties

of the ground that houses the microbes. These discoveries also create new

research tools. For instance, employing traditional geophysical techniques creates

a new opportunity to explore microbial activity non-invasively and in the field

(Atekwana, conversation).

Another traditional goal of explanatory reductionism is the demarcation between

science and nonscience. This goal is linked to reductionists’ rejection of vitalism,

substance dualism, and the like. Demarcating science as that which issues from

microphysical law would provide grounds for discrediting any supposed science that

posited an élan vital, a nonphysical mind, or other nonphysical substances or events.

Yet there are good indications that at least some higher-level regularities do not

derive from microphysical law. Multiply realizable and functionally defined

properties push in this direction, and the work of Batterman (2002) and Strevens
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(2006) is suggestive here as well. It may not be microphysics’ job to vindicate the

regularities observed in the special sciences.

It would be helpful, though, if a conception of the unity of science provided a

way to distinguish legitimate science from problematic ventures that sometimes

occur in the guise of science, such as creationism and astrology. The present

conception of coordinate unity has something to offer here as well. Basing the unity

of science on evidential interdependence suggests that legitimate scientific projects

include anything that is part of the collaborative venture of science. This suggestion

is akin to the idea advocated by Neurath (1938) that ‘‘isolated sentences,’’ a term

Neurath credits to Reach, cannot be involved in scientific enterprises. In my view,

this has both methodological and sociological aspects. Scientific projects aim to

untangle causal relationships and patterns, and in the process of doing so, they

engage with neighboring projects. The sharing of evidence has implications for

methodology (Sect. 2), as well as for the social characteristics of science.

Accordingly, legitimate scientific projects have a methodology with room for

external sources of evidence and a culture of openness to such external influences.

Isolated endeavors that are not open to evidence-sharing, or for which evidence-

sharing has no meaning, are not science, whatever their other merits. I predict that

such pockets of isolated endeavors will become scientifically irrelevant or will fail

to establish relevance to begin with.

4 Unity in a Disordered, Dappled World

Advocates of the disunity of science focus their criticisms on a reductive approach

to unity. In this section I argue that those criticisms do not threaten the present

version of coordinate unity, and yet, that this is a substantive conception of the unity

of science, importantly different from the view that science is disunified. This unity

of science also accords better with scientific practice than do prominent conceptions

of disunity. I focus on Dupré’s and Cartwright’s versions of disunity, as articulated

in The Disorder of Things (1993) and The Dappled World (1999). The title of this

section alludes to those two works.

As mentioned above, Dupré (1993) focuses his criticisms on a reductive approach

to the unity of science. His main argument is that scientific kinds employed in

various fields cut across one another and, consequently, are irreducible. He points

out that kinds are defined functionally, in different ways for different fields, so that

different fields of science cross-classify entities in the world. An example is the

ways in which the category ‘‘gene’’ is employed: ‘‘the genes described structurally

by the molecular geneticist are not the same things as those referred to in the models

of population genetics or even of classical transmission genetics’’ (Dupré 1993, p.

122). Overlapping, irreducibly different kinds interfere with the possibility of

reductive unity, for then generalizations about the kinds in one field cannot be

explained with reference to the kinds of another field. According to Dupré, this leads

to ‘‘incommensurable’’ scientific narratives in different fields (1993, p. 112). Dupré

takes this incommensurability seriously; he argues that the field of population

genetics is doomed to failure because of it. He claims that cross-cutting kinds plague
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ecology and genetics. Because population genetics draws from both fields, Dupré

pronounces it to be nothing more than ‘‘an embodiment of reductionist mythology’’

(1993, p. 132).

Let us grant Dupré his cross-cutting kinds. This may undermine reductive unity,

but it need not lead to the utter incommensurability. Undermining the possibility of

tidy supervenience relationships does not eliminate the possibility of any

meaningful relationships among fields. For instance, the three forms of interrela-

tionships that I outlined in Sect. 2 are possible despite cross-cutting kinds. Indeed,

the more convoluted the relationships among fields, the more necessary these steps

become. Consider the process of sorting out the relationship between a stretch of

DNA (a molecular gene) and a functional unit of inheritance (a classical gene). If

these do not bear a neat one-to-one relationship to one another, that just makes

sorting out their actual relationship all the more crucial. Observations about

molecular genes and observations about classical genes are both observations about

the process of genetic transmission. Causal interrelationships do not go away simply

because different fields categorize the world in different ways. Cross-cutting kinds

may make it more difficult for fields to productively collaborate, but so long as the

fields deal with interrelated causal processes, their collaboration is essential.

Dupré’s declaration of incommensurability is too quick. The subject matter of

different fields of science may not be neatly related, but sorting out the complicated

relationships is a practical necessity.

The case of population genetics illustrates this point. Dupré deems population

genetics a failed enterprise because population genetic models represent evolution-

ary change in terms of fitness differences among genotypes. In Dupré’s estimation,

fitness is a property of organisms. As a result, ‘‘genetic fitnesses,... depending

inextricably on both the genetic and the organismic, are misbegotten mongrel

concepts, derived from reductionist excesses’’ (1993, p. 138). Yet surely this

wholesale dismissal of a productive field of biology is too hasty. Dupré is right that

a genotype’s fitness effects can vary depending both on its genetic and ecological

contexts, but the same is true for the heritability of phenotypes. Evolution is a

complex causal process that is influenced by factors studied in a wide range of

fields, as evidenced by the array of interdisciplinary evolutionary investigations (e.g.

evolutionary-developmental biology; molecular phylogeny; macroecology and

evolution). Population genetics is not an adequate approach to investigating the

entire evolutionary process, though it may sometimes be taken to be. This is

demonstrated by Dupré’s point about gene fitnesses. Nonetheless, population

genetics is a tool for modeling genetic transmission, one important aspect of the

evolutionary process. The true lesson seems to be one of caution. How a genotype’s

fitness-effects vary must be carefully ascertained, taking into account ecological

sources of fitness. More generally, evolutionary investigations must carefully tease

out the complex causal interactions. They do so by utilizing a variety of approaches,

with a variety of emphases, of which population genetics is one.7

7 Potochnik (2010b) defends this conception of the roles of evolutionary ecology and population

genetics.
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Coordinate unity also suggests a different picture of science than Cartwright’s

(1999) disunity of science. At the beginning of The Dappled World, Cartwright

summarizes her view:

The laws that describe this world are a patchwork, not a pyramid. They do not

take after the simple, elegant and abstract structure of a system of axioms and

theorems. Rather they look like—and steadfastly stick to looking like—

science as we know it: apportioned into disciplines, apparently arbitrarily

grown up; governing different sets of properties at different levels of

abstraction; pockets of great precision; large parcels of qualitative maxims

resisting precise formulation; erratic overlaps; here and there, once in a while,

corners that line up, but mostly ragged edges (1999, p. 1).

Cartwright rejects the idea that science is working toward a unified fabric of

representation. She maintains instead that there is a plethora of scientific laws, with

no systematic relationship among them. She contrasts this with reductionist unity,

according to which all laws ultimately trace back to microphysics. Cartwright does

not forbid connections among the various projects of science, but nor does she

anticipate them—she allows for overlaps, but she expects to find ragged edges.

Neurath is also the hero of Cartwright’s Dappled World, for he disavowed the

notion of a single, complete system of science. Neurath maintained that scientific

practice should govern which connections are drawn among the parts of science.

Add to this Cartwright’s skepticism about the idea that nature is ‘‘well-regulated,’’

and it looks as if the connections in science will be few and far between. As

discussed in Sect. 1, I take a different lesson from Neurath. Recall that Neurath also

urges that the nature of actual phenomena leads to collaboration across fields of

science: ‘‘[setting] out from predictions, their formulation and their control ... is

little suited for the delimitation of special disciplines’’ (Neurath 1936b, p. 132).

Scientific practice governs the nature and extent of unity, but scientific success

requires connections. Because the structure of science reflects the nature of

phenomena themselves, and because phenomena often result from causal processes

that are studied in different fields, the development of connections among those

fields leads to better science.

Cartwright worries about reductionism’s metaphysical commitment to a world

well-regulated by laws. She holds that there is no reason to think that nature is ‘‘well-

regulated,’’ that every event is law-governed. Instead, she thinks it is just as plausible

that nature turns out to be ‘‘constrained by some specific laws and by a handful of

general principles, but it is not determined in detail, even statistically’’ (1983, p. 49).

Notice, though, that coordinate unity does not require the well-orderedness of the

world. Laws may not follow from the laws of microphysics; some events may not be

law-governed at all. What is required for coordinate unity is only that there is

progress to be made in puzzling out complex causal processes, even if they transcend

field boundaries. If events are not well-regulated, this simply makes those causal

processes more variable, more difficult to tease apart. It does nothing to undermine

the value of the goal of collaboration and coordination across fields.

Actuality is always proof of possibility: that successful collaborations exist in

science indicate that such collaborations can be successful. I have offered examples
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of the coordination of separate scientific endeavors. Takahashi et al. (2008)

combine their own field work with related findings in endocrinology and molecular

phylogeny in order to better understand the evolution of the peacock’s colorful train.

Roughgarden (2009) suggests the use of integrated models that represent

evolutionary influences on behavior as well as direct environmental influences.

Biogeophysics systematically investigates the causal interconnections between

large-scale, long-term geological phenomena and the behaviors of tiny microbes

(Atekwana et al. 2000). And the field of population genetics persists. These and

other instances of collaboration support the idea that attempts to coordinate separate

fields of scientific investigation are worth the effort. Surely this is preferable, and

truer to the spirit of Neurath’s unified science, than merely pointing out the

difficulties that can plague such attempts at coordination.

In summary, my view of the coordinate unity of science is as follows. A

proliferation of complex causal processes that are investigated in multiple fields of

science creates the need for collaboration among fields. In particular, research

programs benefit from considering the evidential implications of related investiga-

tions, even if those investigations occur in different fields, are couched in different

terms, or are accomplished with different aims. This makes certain forms of

collaboration important to scientific methodology, and it is in virtue of that

collaboration, with the goal of establishing evidential implications in the face of

causal complexity, that science comprises a unified enterprise. That unity is not in

virtue of reduction to a single, fully general science, nor is it in virtue of similarities

among fields. Instead, this unity of science emerges from the cross-connections that

are established—and continue to be established—among related investigations, in

spite of frequent differences in terminology, concepts, and methodology. This is a

thesis of the unity of science, but it is compatible with the disunity of the world—the

disorderdness and dappledness with which Dupré and Cartwright are concerned.

This complexity and lack of well-orderedness does not result in incommensurable,

isolated scientific endeavors. A meaningful unity exists in the shared purpose of

evidence-gathering in the face of causal complexity, and the collaborative

methodology that results. This recalls Neurath’s admonishments that we should

start out from what is practically necessary for the success of science, and that we

should heed actual scientific practice.
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Abstract Michael Strevens offers an account of causal explanation according
to which explanatory practice is shaped by counterbalanced commitments
to representing causal influence and abstracting away from overly specific
details. In this paper, I challenge a key feature of that account. I argue that
what Strevens calls explanatory frameworks figure prominently in explanatory
practice because they actually improve explanations. This suggestion is simple
but has far-reaching implications. It affects the status of explanations that cite
multiply realizable properties; changes the explanatory role of causal factors
with small effect; and undermines Strevens’ titular explanatory virtue, depth.
This results in greater coherence with explanatory practice and accords with
the emphasis that Strevens places on explanatory patterns. Ultimately, my
suggestion preserves a tight connection between explanation and the creation
of understanding by taking into account explanations’ role in communication.

Keywords Causal explanation · Kairetic account · Multiple realizability ·
Causal patterns · Communication

1 Introduction

At their best, scientific explanations “light up our minds with a bolt of insight”
(Strevens 2009, 136). To understand a phenomenon is to have explained it.
Strevens (2004, 2009) provides an account of explanation meant to capture
this role in understanding. He says, “I take scientific understanding to be that
state produced, and only produced, by grasping a true explanation” (2009, 3).
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Yet, despite this connection between explanation and understanding, Strevens
distances his account from the communicative roles of explanation. He instead
gives precedence to the ontological sense of explanation: “an explanation [is]
something out in the world, a set of facts to be discovered” (2009, 6). In
particular, on Strevens’ view, explanations are sets of causal facts, for his is
a causal account of explanation. The communicative purposes of explanation
are taken to be secondary; they are simply attempts to convey those sets of
explanatory causal facts.

Strevens (2004, 2009) outlines a two-factor causal account of explana-
tion, according to which explanations are shaped both by a relation of
causal influence and a difference-making criterion that governs which causal
influences belong in an explanation. Though he also tackles probabilistic expla-
nation and the explanation of laws, in this paper I focus on the core of Strevens’
account: explanations of events that (by assumption) result from deterministic
causal processes. After outlining Strevens’ approach to event explanation in
Section 2, I argue in Section 3 that one feature of that account is unmotivated.
Strevens’ endorsement of what he calls deep standalone explanations is not
sufficiently supported by other features of his account nor by independent
argument, and it does not cohere well with explanatory practice. Furthermore,
this feature of his account is responsible for a disparity between explanations
that Strevens and others find intuitively appealing and the explanations that
Strevens officially sanctions. For these reasons, I argue that a preference for
deep standalone explanations should be rejected in favor of explanations that
rely on what Strevens calls explanatory frameworks. In Section 4, I suggest
that the difficulty stems from Strevens’ view that scientific explanation is an
ontological matter. Returning instead to the connection between explanation
and the creation of understanding—that “bolt of insight” that lights up our
minds—clarifies the value of explanations formulated with particular goals
in mind, that is, within explanatory frameworks. This also brings Strevens’
account of event explanation more in line with his views about the explanatory
role of patterns.

2 Strevens’ kairetic account of event explanation

Strevens’ two-factor account of explanation comprises a metaphysical depen-
dence relation and an explanatory relevance relation. For the former, Strevens
employs what he takes to be an ecumenical conception of causal influence.
He points out that many accounts of causation—including the conserved
quantity, counterfactual, and manipulationist accounts (e.g. Dowe 2000; Lewis
1973; Woodward 2003)—posit a fundamental-level causal relation. Strevens
singles out this fundamental-level relation as the metaphysical dependence
relation upon which his account of explanation is based. By considering only
fundamental-level causal influence, Strevens hopes to avoid the metaphysi-
cal issue of levels of causation. However, by singling out fundamental-level
relations, he is taking a stand regarding the explanatory role of higher-level
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causation (if such a thing exists). Strevens says, “My ecumenism entails ignor-
ing, for explanatory purposes, the wealth of high-level causal relations offered
by multilevel accounts of causation” (2009, 33). On his view, all explanations
are grounded in fundamental-level causal influence. Accordingly, all high-level
causal claims should be reinterpreted as claims about high-level explanations.

The second factor of Strevens’ account, explanatory relevance, is provided
by the kairetic account of difference-making. This is Strevens’ method for
ascertaining which aspects of a causal process made a difference to the occur-
rence of an event. The difference-makers are found by applying an optimizing
procedure to a causal model for the event. A causal model for an event entails
that event in a way that accurately represents the (fundamental-level) causal
processes that led to the event. The optimizing procedure alters that model
according to two desiderata: the model is (a) made as abstract as possible while
(b) preserving causal contiguity among the fundamental-level causal processes
that realize the model. The desideratum of causal contiguity is satisfied to the
degree that the “realizers constitute a contiguous set in causal similarity space”
(Strevens 2009, 104). Since Strevens only credits fundamental-level causal
processes with explanatory potential, causal contiguity can be understood as
contiguity among the trajectories of the model’s various realizations through
the state space of fundamental physics.1 A causal factor that appears in any
optimized model for an event counts as a difference-maker for that event.

According to Strevens, science aims at what he calls standalone explana-
tions. A standalone explanation of an event is a causal model that preserves
fundamental-level causal contiguity and contains only difference-makers for
the event. Any standalone explanation is “complete,” i.e., sufficient for under-
standing a phenomenon (2009, 117). Yet every event has multiple standalone
explanations. The simplest are “atomic causal models,” which are the direct re-
sults of optimizing causal models, but standalone explanations can be extended
to reference more of an event’s difference-makers. Strevens endorses two
forms of extension. Elongation traces the chain of difference-makers further
back in time. Strevens thinks that maximal elongation is “a kind of ideal,” yet
“an ideal to which those interested only in full understanding need not take
the trouble to aspire” (2009, 154). In contrast, deepening—showing how laws in
the explanation are manifestations of lower-level processes—Strevens declares
to be compulsory. Explanations may cite “causal covering laws,” viz., high-
level laws that simply summarize the microphysical underpinnings, thereby
preserving causal contiguity. Yet explanations that cite high-level laws that
violate the requirement of causal contiguity are inadequate. Explanations must
be deep.

What, then, of high-level explanations that reference multiply realizable
properties and functional specifications? These are incohesive at the fun-
damental level; they lack depth. Strevens has a workaround on offer: the

1Strictly speaking, this is dynamic contiguity, which Strevens claims is necessary but not always
sufficient for causal contiguity. Nonetheless, it serves as his proxy for the requisite causal
contiguity.
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explanatory framework. Some explanations cite difference-making relations
relative to a background state of affairs. That background serves as the frame-
work for the explanation and is exempt from the determination of difference-
makers. Consider a simple example. When explaining why someone survived,
given that he was poisoned, the poisoning is simply a background state of
affairs. The poisoning is not a difference-maker for survival, but neither is
it a non-difference-maker: it is a background consideration that is held fixed
and according to which the difference-makers are established. That the person
imbibed an antidote would be a difference-maker relative to the explanatory
framework that stipulates he was poisoned.

On Strevens’ view, multiply realizable properties and functional
specifications may appear in explanations only when supported by explanatory
frameworks. One of Strevens’ examples is the Lotka–Volterra equation,
which represents predator-prey interactions. The Lotka–Volterra equation
employs the functionally defined properties of predator and prey, so it can
explain population dynamics only relative to a framework stipulating that one
population preys on the other. Strevens deems such an explanation acceptable,
but inferior to one that does not need a framework. Practical considerations
motivate the use of multiply realizable properties and functional specifications,
but deep standalone explanations require specifying the causally contiguous
fundamental-level realizers. The Lotka–Volterra equation can explain
population dynamics given the proper explanatory framework, but it is
inferior to a standalone explanation that specifies the nature of predation.

The explanatory framework also enables Strevens to account for the distinc-
tion often made between causes and background conditions. Causal influences
that an explanation does not focus upon are relegated to the explanatory
framework, which allows those influences to be treated as mere background
conditions according to which the difference-makers are ascertained. For
instance, the presence of oxygen is a causal factor that is generally treated as
a precondition for fire rather than a cause of any particular fire. Explanatory
frameworks are also how Strevens accounts for contrastive explanations and
explanations that cite omissions and preventions, though I omit those topics
for brevity. However, regardless of their practical utility, frameworked expla-
nations are in Strevens’ view always inferior to deep standalone explanations.
The latter provide full understanding and are the aim of scientific explanation.
Strevens acknowledges that “you may have to visit many other university
departments, finishing of course with the physics department” (2009, 161)
to gain the depth—the relation to fundamental-level causal laws—that they
require.

3 Revisiting the explanatory framework

Many aspects of Strevens’ account deserve further discussion, but I will
focus on the notion of explanatory frameworks. Strevens employs explanatory
frameworks to accommodate various features of explanatory practice that
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otherwise would not align with his account. These include explanations that
appeal to functional specifications, reference multiply realizable high-level
properties, or sideline causal factors that qualify as difference-makers. Yet
Strevens considers frameworked explanations to be inferior to deep stand-
alone explanations. Here I will show that Strevens’ argument for privileging
deep explanations is tenuous, and I will argue that his account would be
strengthened by a full endorsement of frameworked explanations.

The value that Strevens places on deep standalone explanations stems
entirely from their satisfaction of his cohesion constraint—the requirement
that explanations only abstract away from contiguous sets of fundamental-
level causal processes. Yet the justification for this cohesion constraint is far
from unassailable. Strevens initially adopts the constraint because it elimi-
nates disjunctive explanations, but he mentions in passing that there may be
alternate solutions to the disjunction problem (2009, 102). Even if a cohe-
sion constraint is adopted, there is the question of how cohesion should be
understood. Strevens’ sole reason for defining cohesion as fundamental-level
causal contiguity is that he credits only fundamental-level causal relations with
explanatory relevance. But Strevens offers no argument against the existence
or explanatory relevance of higher-level causal relationships. Moreover, he
expresses doubts about the requirement of fundamental-level causal contiguity
(108, 163). It seems Strevens’ ‘causal ecumenism’ is actually rather doctrinaire
in the degree to which it weds his account to the fundamental level.

One repercussion is the cohesion constraint’s inability to accommodate ex-
planations that cite multiply realizable properties or functional specifications.
Strevens acknowledges the appeal of explanations that ignore lower-level
mechanisms, but he returns to his worry about the problem of disjunctive
explanations:

I do not see how to formulate a cohesion constraint that is able both to
disbar disjunctive models from explanation and yet also to allow black-
boxing in a deep—that is, framework-independent—mechanism (2009,
162).2

His solution is to allow frameworked explanations to incorporate functional
specifications and multiple realizable properties because of their practical
utility, while endorsing deep standalone explanations as superior alternatives.
Yet Strevens’ decision to rely only on fundamental-level causal relations and
his tentative use of causal contiguity to solve the disjunction problem are
tenuous grounds for this commitment to depth, the titular feature of his
account.

Strevens thinks the best hope for allowing black boxes into cohesive expla-
nations is to individuate causal processes according to standards that vary with
the level of explanation, but he disallows this because he does not see how to

2For a discussion of the disjunction problem, see (Cover and Curd 1998, 786) and (Strevens 2009,
§3.45).
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formulate such a standard (2009, 163). As I see it, one approach would be to
allow higher-level causal relations to play an explanatory role, which would
enable causal contiguity to be cashed out in a level-relative way. But Strevens
almost certainly would be dissatisfied with this suggestion.3 A less-invasive
approach would simply be to fully sanction frameworked explanations. The
framework notion could still be employed to distinguish beneficial black-
boxing from problematically disjunctive explanations. The distinction would
rest on which causal influences were treated as part of the explanation and
which were relegated to the framework, just as how Strevens uses explanatory
frameworks to distinguish causes from background conditions.4 This is the
suggestion that I defend in the present paper.

Let us reevaluate the relative merits of deep standalone explanations and
frameworked explanations. I agree with Strevens that “the most important
source of evidence concerning our explanatory practice is the sum total of
the explanations regarded as scientifically adequate” (2009, 37). On Strevens’
view, deep standalone explanations cite higher-level properties if and only
if they represent causally contiguous fundamental-level causal processes,
whereas frameworked explanations freely appeal to multiply realizable prop-
erties, substitute functional specifications for lower-level causal dynamics,
and/or willfully emphasize some factors while relegating others to the role of
background conditions. If deep explanations are superior, we should expect
the prevalence of scientific explanations that eschew these practices in favor of
causal contiguity.

I see no evidence of this tendency. Multiply realizable properties and func-
tional specifications are overwhelmingly common in science, and though effort
is sometimes put toward understanding their range and means of application,
they are seldom eliminated. Instead, as Strevens notes (160), black-boxing oc-
curs without any regard for contiguity among the fundamental-level realizers.
For example, any number of properties central to evolutionary explanations
exemplify this: heritability, fitness, sexual reproduction, gene, male, aggressive,
cooperative, camouflage. . . the list continues ad infinitum. Such properties are
employed whenever expedient, taking into account only feasibility and the
parts of the causal process that are of immediate interest. The explanations
that appeal to such properties all qualify as frameworked on Strevens’ account.

Indeed, most of Strevens’ own examples are frameworked explanations.
Explanations of predator-prey dynamics that employ the Lotka–Volterra
equation do not qualify as deep, for the Lotka–Volterra equation itself is mul-
tiply realizable. An explanation of Rasputin’s death that cites the conspirators’
decision to murder him is, according to Strevens, right to black-box the means
of assassination, for these are “effectively irrelevant” (Strevens 2009, 169)—
though this also results in a frameworked explanation.

3As discussed above, Strevens believes all high-level causal claims are in fact claims about high-
level explanations, explanations that succeed in virtue of fundamental-level causal relations.
4This is similar to the approach to the disjunction problem that I suggest in Potochnik (2010b).
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Without a strong argument for the superiority of deep standalone explana-
tions, and without any indication that explanatory practice conforms to that
norm, there is no reason to privilege explanatory depth over frameworked
explanations. Furthermore, the endorsement of frameworked explanations
would resolve some difficulties facing Strevens’ account of explanation. Most
immediately, this would allow explanations—the best explanations—to employ
multiply realizable properties and functional specifications. Many have argued
that the strength of high-level explanations is their ability to group phenomena
that behave similarly at a high-level of description, despite fundamental-
level dissimilarities (Fodor 1974; Putnam 1975; Garfinkel 1981; Kitcher 1984;
Jackson and Pettit 1992; Sober 1999). Multiply realizable properties are re-
sponsible for that strength. Strevens himself notes the explanatory value of
multiply realizable properties; his only worry is that he cannot see how to
allow those explanations without relying on frameworks (2009, 162). Granting
frameworked explanations the status of full-fledged explanations sidesteps
that problem.

Another difficulty facing Strevens’ account that would be resolved by fully
endorsing frameworked explanations regards tradeoffs. Explanations that cite
multiply realizable properties trade off some cohesion for greater generality.
Strevens cautiously endorses a different type of tradeoff: explanations that
sacrifice a small amount of accuracy for greater generality. His example is
an explanation of Mars’ exact orbit that leaves out the gravitational effect of
the other planets. That gravitational effect is technically a difference-maker,
but it has such slight effect that Strevens suggests omitting it for the sake of
a more general explanation. This move accommodates the intuition that an
explanation can neglect small causal factors when this allows “a more abstract
scheme of description that better captures the high-level difference-making
structure” (2009, 146–7).

Here Strevens seems to bite a bullet. In order to sanction this move, he
breaks the connection between difference-making and explanatory relevance
that is at the core of his account. He says, “the difference-makers dropped in
the course of an accuracy tradeoff, then, literally make no contribution to our
understanding of the explanandum” (2009, 146). Beyond the difficulties this
creates for Strevens’ account, it is also counterintuitive. It may be consistent
with both intuition and explanatory practice for explanations to neglect some
factors in order to depict high-level difference-makers. The problem is the idea
that this always should be done. If small difference-makers “literally make
no contribution to our understanding” of an event, then explanations err if
they reference those factors. Yet factors of small effect sometimes can be
explanatorily important. Surely there are situations in which the other planets’
gravitational effects belong in the explanation of Mars’ exact orbit.

Endorsing frameworked explanations would offer an alternate solution.
Strevens shows how causal factors that are relegated to the explanatory
framework are sometimes black-boxed. I suggest that they also can be ignored
in other ways, such as being replaced by a general ceteris paribus clause or
simply neglected entirely. Relegating those factors to the framework enables
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an explanation to neglect them in order to portray higher-level influences.
However, causal factors are frameworked only according to the interests of
the explanation-seekers. For instance, if one asks why Mars has its exact orbit,
given that the sun has a particular gravitational influence, this re-frameworking
puts the planets’ gravitational influence at center stage.

Trading off accuracy for generality across the board is as counterintuitive
as is devaluing multiply realizable explanations across the board. Various
tradeoffs of accuracy and of cohesion to accomplish high-level explanations
are found in actual scientific practice, but the degree to which each is employed
varies. Whereas biologists will oftentimes sacrifice cohesion to employ the
Lotka–Volterra equation’s account of predator-prey dynamics in a community,
occasionally they may seek the details of how those dynamics are realized over
some period of time in that particular community. And whereas many accounts
of Mars’ orbit will sacrifice a degree of accuracy by omitting the gravitational
influence of other planets, other accounts will instead highlight those very
gravitational perturbations.5 Strevens’ innovation of the explanatory frame-
work gracefully accommodates this feature of explanatory practice. The only
obstacle is the insistence that frameworked explanations are lacking—inferior
to deep standalone explanations. I have argued that there are no clear grounds
for that claim.

4 The role of patterns in explanatory practice

I suspect that an early move in Strevens’ approach to explanation is responsible
for his commitment to deep standalone explanations. Recall that Strevens
focuses on the ontological sense of explanation, according to which an expla-
nation is a set of facts out in the world. He seems to assume that there is just
one such set of facts for each event: “what explains a given phenomenon is a
set of causal facts. . . communicative acts that we call explanations are attempts
to convey some part of this explanatory causal information” (Strevens 2009,
6). So Strevens searches for the single, best explanation of a given event.
That search results in the type of explanation that he fully endorses: deep
standalone explanations, which are purportedly sufficient for full understand-
ing. Frameworked explanations are only partial explanations, influenced by
immediate interests. They are thus poor candidates for good explanations in
the ontological sense.

Returning to the connection between explanation and the creation of under-
standing leads to a different endpoint. Strevens notes how explanations should
“light up our minds with a bolt of insight” (2009, 136). Accounting for this is
aided by considering explanations’ role in communication.6 Explanations that

5See Potochnik (2010a) for an extended case study of this variation for evolutionary explanations.
6Communicative uses are generally deemed inessential to the nature of scientific explanations; the
views of Bromberger (1966) and Achinstein (1983) are exceptions.
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yield understanding are those explanations that are actually formulated, that
are found to be useful, that provide bolts of insight. In a world where multiple
realization and complex causal interactions abound, those explanations often
are improved by the neglect of many causal factors. This is why the ideal of
exhaustive explanations that cite all difference-makers strikes even Strevens
as exhausting (154), and it is also why explanatory frameworks are so valuable.
Frameworks enable some causal factors to be sidelined to the end of under-
standing the influence of other factors.

Further support is provided by some of Strevens’ other views. Strevens
amends his account of event explanation when he discusses explanations of
laws. There he suggests that explanations of events are improved by citing a
pattern of entanglement—roughly, a general pattern of the co-occurance of
properties. The details are complex, so I will suppress them here and simply
provide an example. To explain why a sodium sample reacted when it came in
contact with water, one should specify that sodium is an alkali metal; that alkali
metals have loosely bound outer electrons; and that this loose binding enabled
contact with water to remove electrons from the sodium atoms. The pattern
of entanglement is the connection between being an alkali metal and having
loosely bound outer electrons. The property of being sodium is also entangled
with the property of having loosely bound outer electrons, but Strevens thinks
that the pattern holding of all alkali metals is more explanatory because it is a
more general entanglement. This idea fits with Strevens’ view that explanatory
practice is shaped “so as to direct our attention to the world’s causal patterns”
(2009, 264).

This addition to Strevens’ account further clarifies the value of frameworked
explanations. Consider once more the example of explaining predator-prey dy-
namics with the Lotka–Volterra equation. This explanation relies on a frame-
work, since it employs the functionally defined properties of predator and
prey. According to Strevens’ un-amended account, full understanding requires
eliminating the explanatory framework, viz., supplying the fundamental-level
causal details that realize the predator-prey relationship in a particular com-
munity. And since the causal details of the predator-prey relationship differ
from community to community, “there is no single explanation of stability
across the ecosystems in question” (2009, 159). The amended account is
markedly different from this. It grants explanatory value to general patterns
via the notion of entanglement, and those patterns may not be cohesive
in the sense of fundamental-level causal contiguity.7 Taking frameworked
explanations as full-fledged explanations allows the range of applicability of
the Lotka–Volterra equation to emerge as a startling revelation of pattern.
There is a bolt of insight when one grasps that, regardless of implementation,
the Lotka–Volterra equation captures a broad ecological pattern. Despite

7Strevens does require that patterns of entanglement be cohesive, but in a different sense.
A pattern of entanglement is cohesive “to the degree that there is a single reason for the
entanglement” (2009, 255).
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myriad differences among communities, their predator-prey relationships are
all captured by a single mathematical relationship.

The same revelation of pattern occurs when a trait is explained as the
outcome of natural selection pressures, while the trait’s inheritance is only
functionally specified (Rosales 2005; Potochnik 2009), and when the more-
or-less independent assortment of genes is explained as the result of chro-
mosomal alignment during meiosis, while the molecular details are ignored
(Kitcher 1984). Though Strevens deems these frameworked explanations in-
ferior to deep standalone explanations, they are valuable for their ability to
direct attention to a broad causal pattern in the world—an explanatory goal
endorsed by Strevens. Frameworked explanations are thus well-positioned
to create understanding in virtue of, not despite, their neglect of some
difference-makers.
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Levels of Explanation Reconceived*

Angela Potochnik†‡

A common argument against explanatory reductionism is that higher-level explanations
are sometimes or always preferable because they are more general than reductive
explanations. Here I challenge two basic assumptions that are needed for that argument
to succeed. It cannot be assumed that higher-level explanations are more general than
their lower-level alternatives or that higher-level explanations are general in the right
way to be explanatory. I suggest a novel form of pluralism regarding levels of expla-
nation, according to which explanations at different levels are preferable in different
circumstances because they offer different types of generality, which are appropriate
in different circumstances of explanation.

1. Introduction. According to the classic reductionist conception of sci-
ence, the existence of different fields of science may now be a practical
necessity, but an ultimate aim of science is to show how all events follow
from microphysical laws and events (Oppenheim and Putnam 1958). On
this view, the explanation of an event is always improved by giving in-
formation about the lower-level determiners of the event—ideally, the
microphysical determiners. A common response to this reductionism
about scientific explanation is to defend the value of nonreductive expla-
nations on account of their generality (Fodor 1974; Putnam 1975; Gar-
finkel 1981; Kitcher 1984; Sober 1984, 1999; Jackson and Pettit 1992).
The basic argument is that, whereas a microphysical explanation applies
only to systems fitting that microphysical description, a higher-level ex-
planation has a much broader range of applicability. The reason is that
higher-level descriptions can be realized by a variety of microphysical
systems. This argument has been used to defend the value of a variety of
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high-level explanations over their lower-level competitors. The idea is that
higher-level explanations are sometimes or always preferable because they
apply in a broader range of circumstances.1

Consider Putnam’s (1975) familiar example of the peg and the board.
There are two holes in a board: each has a diameter of 1 inch, but one
is circular and the other is square. The peg is a cube with sides slightly
shorter than 1 inch. If we are to explain why the peg passes through the
square hole but not the round hole, we do so by citing the dimensions
of the peg and the two holes, along with geometrical information about
the relationships among these dimensions. This higher-level explanation
is much more general—applies in a much broader range of circum-
stances—than a lower-level explanation that specifies the exact atomic
structure of the peg and the board and computes all possible trajectories
of these atoms in order to deduce that the peg never passes through the
round hole but does pass through the square hole.

This style of defense for higher-level explanations depends on the idea
that generality is of explanatory worth, but why general explanations
should be taken to be valuable often remains unarticulated.2 Examining
the motivation for this idea is the first step to assessing this popular line
of argument against explanatory reductionism. Garfinkel (1981) suggests
one possible motivation. He argues that higher-level explanations are pref-
erable because they focus on the causes that critically affect the outcome
to be explained, whereas the alternative lower-level explanations cite
overly specific causal details. Perhaps, then, general explanations are val-
uable because they identify the critical causal factors and exclude causal
information that is in some sense unimportant.

This idea can be put into broader terms that are compatible with a
range of views regarding the nature of explanation. The sense of generality
at issue is the breadth of an explanation’s applicability to different systems
or, equivalently, in different circumstances. An explanation’s generality is
inversely related to the amount of information it provides about the system
in question. Including more information more finely specifies the process,
which reduces the explanation’s breadth of applicability, whereas remov-
ing information eliminates specifications of the process, which extends the

1. Jackson and Pettit (1992) and Sober (1999) do not argue that general explanations
are always best; they are pluralists regarding levels of explanation. They claim that higher-
level explanations are valuable because they are more general, but in their view whether
generality or specificity is of explanatory value varies. I discuss this view in Section 4.

2. On the unification account of explanation (Friedman 1974; Kitcher 1981), generality
is constitutive of explanation. Generality is also an important consideration for Strevens’s
causal account of explanation (2009). However, the antireductionist arguments considered
here do not rely on a specific theory of explanation. I similarly avoid committing to a
particular account of explanation in my analysis.
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explanation’s breadth of applicability.3 A general explanation thus in-
cludes fewer details about the target system, thereby focusing attention
on the limited information it does contain. This information is more
perspicuous than it would be if lots of other features of the system were
also specified. Moreover, the explanation advertises the unimportance of
other features of the target system by neglecting them. For both of these
reasons, if the information featured in an explanation regards the ex-
planatorily important factors, then the explanation benefits from its gen-
erality. Accounts vary on what factors are explanatorily important. For
Garfinkel (1981) they are causes critical to the outcome to be explained.
Others who defend the value of general explanations think that the ex-
planatorily important factors are the difference makers (Strevens 2009)
or the factors that identify the system as fitting into a unified pattern
(Friedman 1974; Kitcher 1981).

This is one argument for the idea that explanations benefit from being
general. A general explanation focuses attention on the information that
is properly explanatory and advertises the unimportance of other features
of the system by neglecting them. I assume that those who defend the
value of higher-level explanations on the grounds of their generality would
be amenable to a justification along these lines. The examples they offer
suggest so. The square peg fails to travel through the round hole because
of a geometric relationship regardless of the particular atomic structure
of the peg and board (Putnam 1975), Gresham’s law governs economic
exchanges regardless of whether the exchanges involve wampum or dollars
(Fodor 1974), and modeling the evolution of altruism in terms of fitness
provides “a useful generality’’ lacking from physical descriptions of var-
ious instances of altruism and selfishness (Sober 1999).

Two claims are needed in order to use this argument for the explanatory
worth of generality to defend higher-level explanations. First, it must be
the case that higher-level explanations are more general than lower-level
explanations. Otherwise the explanatory value of generality would not
translate into the value of higher-level explanations. Fodor (1974) and
others appeal to the idea of multiple realizability to motivate this claim.
Second, it must be the case that the information included in a higher-
level explanation is important to the outcome to be explained, whereas
the neglected information is unimportant to the outcome. According to
the argument sketched above, the value of general explanations is that

3. This assumes that other features of the explanations in question are held constant.
The conception of generality as breadth of applicability may not include all senses in
which the generality of explanations varies, but this is the sense of generality that is at
work in the defenses of higher-level explanations under consideration. All claims about
generality in this article regard this particular sense of the word.
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they focus attention on the important information. If neglected lower-
level information is explanatorily important, then the generality of a
higher-level explanation does not improve the explanation. Both of these
claims turn out to be problematic. The problems stem from the fact that
the relationship between higher- and lower-level explanations often cannot
be accurately described in terms of supervenience.

2. Supervenience and Levels of Explanation. The successful defense of
nonreductive explanations on the grounds of their generality relies on the
idea that higher-level explanations are more general than their lower-level
alternatives. This idea is widely accepted (Fodor 1974; Putnam 1975;
Garfinkel 1981; Jackson and Pettit 1992; Sober 1999; Strevens 2009) and
is motivated by the belief that higher-level properties are multiply realized
by lower-level properties—that is, that many lower-level properties indi-
vidually suffice as supervenience bases for a given higher-level property.
If a lower-level explanation cites properties that are only one way among
many to realize the properties cited in a higher-level explanation, then the
higher-level explanation is more general than the lower-level explanation.
That is, it applies to a broader range of systems. This is the situation in
Putnam’s peg and board example. The lower-level explanation cites the
atomic structure of the peg and board to account for why the square peg
cannot travel through the round hole, but this exact atomic structure is
only one way among many for the geometric relationship between the
peg and the board to be realized. A higher-level explanation that cites
only the geometric relationship is more general than the alternative lower-
level explanation.

Yet not all higher-level explanations are more general than their lower-
level alternatives. Let us grant that all higher-level properties supervene
on lower-level properties and that multiple realization is common. Even
so, this relationship among higher- and lower-level properties need not
result in the predicted relationship between higher- and lower-level ex-
planations. Establishing that implication requires an additional premise:
that lower-level explanations are formulated in terms of the supervenience
bases of the competing higher-level explanations. I see no reason to think
that this premise is always or even often true.

Aside from being multiply realized, higher-level properties are often
complexly realized. That is, higher-level properties are realized by a com-
plicated combination of lower-level properties, even in individual (token)
occurrences. Fodor (1974) points out that the physical description of an
economic exchange will sometimes involve dollar bills, sometimes strings
of wampum, sometimes signing one’s name to a check; this is multiple
realization. But consider the physical description of an individual event
that has the property of being an economic exchange—say, you putting
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a dollar bill into a vending machine yesterday and getting a candy bar
in return. What physical property qualifies this event as an economic
exchange? It is not enough that you gave up a dollar bill and received a
candy bar: a marooned explorer with a penchant for dramatics might
throw her cash to the wind just as her sole companion hands her the last
candy bar. The physical properties of your vending machine encounter
that jointly qualify it as an economic exchange must include (at least) the
relinquishing of the bill, the acquisition of the candy bar, the circulation
of relevantly similar bills in relevantly similar circumstances such that the
bill qualifies as valuable, the vending machine specifications such that the
encounter counts as its ordinary functioning, specifications of an economic
entity on behalf of which the machine acts, and your specifications such
that candy is of potential value to you and agreements are things you
can enter into.

Fields of science that are equipped to provide lower-level explanations
formulate those explanations for their own purposes, as part of investi-
gations into phenomena of interest in those fields. Consequently, lower-
level explanations feature properties that are relevant to those investi-
gations, not the complex, highly particular conjunctions of properties that
serve as supervenience bases. This is so even when the target of the ex-
planation is a higher-level event. Consider the relationship between an
organism’s genotype (genetic composition) and phenotype (observable
characteristics). Philosophers tend to think of genetic properties as oc-
cupying a lower level of organization than phenotypic properties (e.g.,
Dupré 1993; Rosenberg 1994), and evolutionary change is modeled by
focusing on one or the other. Yet phenotypes do not supervene on genes
or genotypes but on a complex combination of properties including many
other properties of the organism, properties of the environment, and some-
times even properties of other organisms. The lower-level properties under
investigation—genes—are not proper candidates for the supervenience
bases of phenotypes. As a result, explanations featuring genes or geno-
types are not related by supervenience to explanations featuring higher-
level, phenotypic properties, even when these properties are used to explain
the same evolutionary outcomes.

This example is not atypical. Because different fields of science for-
mulate explanations for different purposes, lower-level explanations and
higher-level explanations of the same phenomena are often not related
by supervenience. This is so even for some examples used to defend higher-
level explanations. Above I suggested that this is true for Fodor’s example
of monetary exchanges. Garfinkel (1981) provides a biology example that
also illustrates my point: competing explanations for the death of a rabbit.
Garfinkel considers a lower-level explanation for the death that cites the
presence of the unfortunate rabbit in the capture space of a particular
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fox, and he considers a higher-level explanation that cites the high con-
centration of foxes in the area. Yet the property of high fox concentration
clearly does not supervene on the property of the rabbit being located in
the capture space of one fox but on a combination of the spatial location
of all foxes in the area. The only relationship apparent between these
higher-level and lower-level properties is that the high concentration of
foxes makes it more likely that the rabbit is in the capture space of some
fox or other. This bears no resemblance to supervenience.

Explanations that are not related by supervenience may still qualify as
lower and higher level. The explanations in Garfinkel’s rabbit example
are formulated at lower and higher levels in the sense that one deals with
an individual and the other with a population of individuals. In general,
a lower-level explanation cites properties of objects that stand in a part-
whole relationship to objects referenced in the competing higher-level
explanation. Genetic and phenotypic explanations are also related in this
way: genes are parts of organisms. Often, the properties cited in a lower-
level explanation are part of the complex group of properties on which
the properties cited in a higher-level explanation supervene, and occa-
sionally, lower-level properties are proper supervenience bases.

This lower/higher distinction may be less crucial when explanations are
not related by supervenience, but it remains significant that different fields
formulate competing explanations for a single event. Evolutionary ex-
planations provide a ready example of this. Population genetics and evo-
lutionary ecology provide competing explanations for why many traits
evolve. Genetic explanations show how the distribution of genotypes re-
lated to the trait changed generation by generation, whereas phenotypic
explanations show how the environment selectively advantaged the trait
in question. These explanations need not make competing claims about
the world: the genetic explanation is silent regarding the environmental
influences on selection, and the phenotypic explanation is silent regarding
the genetic causes of the trait (Potochnik, forthcoming). The explanations
do compete, though, in a way important to the debate about levels of
explanation. The two explanations cite different properties, at different
levels of organization, to explain the same event.

When higher- and lower-level explanations are not related by super-
venience, nothing ensures that higher-level explanations are more general
than their lower-level competitors. If a lower-level explanation does not
cite the supervenience bases of properties cited in a higher-level expla-
nation, then the former may not have a more limited range of applicability
than the latter. Without supervenience and multiple realization, competing
lower- and higher-level explanations may simply have different ranges of
applicability. Such explanations are general in different ways; they offer
different types of generality. By this I do not mean that they satisfy dif-
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ferent definitions of generality but that each applies to some range of
systems that the other does not.

So it is for genetic and phenotypic explanations of evolutionary phe-
nomena (Potochnik 2007). A phenotypic explanation of a trait is appli-
cable whenever the represented fitness relationship obtains, even if the
genetic details vary. For example, a single phenotypic model explains the
trait of when in the life cycle reproduction begins for a vast array of
species, even though the genes that influence that trait differ (Bull, Pfennig,
and Wang 2004). Genetic explanations are not general in this way. In
contrast, a genetic explanation of a trait is applicable whenever the rep-
resented combination of selection and transmission obtains, even if the
environmental sources of fitness are different. For example, a single genetic
model explains how a selectively advantaged trait influenced by two genes
evolves, regardless of the environmental sources of fitness (e.g., Curnow
and Ayres 2007). Phenotypic explanations represent the sources of fitness,
so they are not general in this way.

3. Contextual Explanation. In Section 1 I distinguished two claims that
must be true in order to use the explanatory worth of generality to defend
nonreductive explanations. I dealt with the first in Section 2. The second
claim is that higher-level explanations provide information that is im-
portant to the explanation and omit only unimportant information. Gen-
eral explanations are valuable if they focus attention on explanatorily
important information. If an explanation purchases greater generality by
omitting information that is important to the explanation, then the in-
creased generality impoverishes rather than improves the explanation.
Suppose that a higher-level explanation is more general than its lower-
level competitor (though I argued in Section 2 that this is uncommon).
This greater generality results in a better explanation only if it is the right
type of generality; the information omitted must be unimportant to the
explanation.

That more generality is not always better is demonstrated by taking
this idea to the extreme. Rigorously applying the precept of maximizing
generality would result in explanations that cite every possible circum-
stance that would lead to the event to be explained. So, for instance, the
most general explanation of a room getting dark is that either the light
was turned off, or the lightbulb burned out, or it is twilight, or someone
drew the curtains, or a storm is gathering outside, or the like.

This vast disjunction is maximally general, but it is not very infor-
mative.4 Expansive disjunctions like this surely cannot be the preferable

4. This is a version of the disjunction problem, which traces back to discussions of
Hempel’s theory of explanation; see Cover and Curd 1998, 786.
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form of explanation, so it seems that explanations should not simply be
maximally general. Other arguments to this effect have been made for
different accounts of explanation. For instance, Strevens (2009) claims
that a causal account of explanation must specify which aspects of a causal
process belong in an event’s explanation and which aspects should be
omitted for the sake of generality. Kitcher (1981) claims that the generality
of an explanatory pattern should be limited by considerations of the
pattern’s stringency—the commonalities among its instances. Explana-
tions should not simply be maximally general. If generality is of explan-
atory worth, the trick is to find a more nuanced way to express this.

Consider evolutionary explanations again. A vast number of factors
influence individual evolutionary outcomes. For instance, Homo sapiens
have evolved large brains relative to our hominid kin. This is the result
of (at least) genetic mutations, developmental processes, environmental
conditions, other evolutionary events, and phylogenetic history. An ex-
planation that neglects some of these many influences focuses attention
on the influences that are cited and demonstrates that small variations in
other factors would not have interfered with the evolution of large brains.
For these reasons, a general explanation is preferable. Yet some ways of
increasing the generality of the explanation would be detrimental; for
example, an explanation that describes how large brains develop but does
not provide information about genetic factors and other evolutionary
influences would be ill suited as an evolutionary explanation.

Generality may be of explanatory worth, but explanations can be too
general or general in the wrong way. An exhaustive disjunction of all
possible causes of the room getting dark is too general to be a good
explanation. Citing only information about the development of humans’
large brains is general in the wrong way to be a good evolutionary ex-
planation. The degree and type of generality that benefits an explanation
must be specified. In the discussion that follows, I assume a broadly causal
view of explanation. An alternative formulation of my point is consistent
with a unification approach to explanation, but providing both formu-
lations here would be overly cumbersome. On the assumption that ex-
planations cite causal information, generality gained by leaving out un-
important causal information is good, whereas generality gained by
leaving out important causal information is bad. The key question is thus,
What causal information is important to an explanation?

What information about a causal process is important to explaining the
resulting event depends on which of the many causal relationships involved
are explanatory. This in turn depends on the role the explanation is intended
to play. Each causal factor leading to an event is potentially relevant to
explaining that event, or alternatively, each difference maker is of potential
relevance (Woodward 2003; Strevens 2009). Explanatory relevance follows
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from causal or difference-making relevance. Yet every event results from
innumerable causal factors; causal processes extend indefinitely back in time
and often involve several interacting influences at any given point in time.
The potential explanatory relevance of many causes, coupled with the ex-
planatory value of generality, makes it so that different causal relationships
are explanatorily important in different circumstances. Which causal re-
lationship is explanatory, and consequently what causal information is ex-
planatorily important, depends on the context of the call for explanation,
that is, on the research program to which the explanation contributes.5

Consider the different contexts in which an explanation may be sought
for why humans have large brains relative to other hominids. In a research
program in evolutionary ecology, the causal relationship between envi-
ronmental influences and the resultant selective advantage for large-
brained humans is explanatorily important. In a developmental biology
research program focused on the human nervous system, the causal re-
lationship of note is instead how certain developmental pathways in hu-
mans lead to the fabrication of big brains. Both of these causal relation-
ships—and many, many more besides—influence the event to be explained.
Which causal relationship is explanatorily important depends on the role
that the explanation is intended to play in scientific investigation.

Those who want to resist this move to contextual explanation might
argue that different contexts lead to different explananda. For the above
example, one might argue that in the first context one explains the evo-
lution of humans’ large brains, whereas in the second context one explains
the development of humans’ large brains. But individuating explananda
in this manner is simply a way of covertly specifying which causal rela-
tionship is of interest. The explanandum is that humans have large brains
or, if you like, that humans evolved to develop large brains. Depending
on research interests—that is, on context—this explanandum might be
expressed alternately as humans evolved (to develop) large brains or hu-
mans (evolved to) develop large brains. Both regard a single evolutionary/
developmental event, resulting from a single complex causal process. The
alternate expressions of the explanandum result from singling out a distal
part of this causal process and from singling out a proximate part of this
causal process, respectively (Mayr 1961).6 This is simply the context of

5. For the sake of brevity, I do not develop an account of this context dependence here.
See Potochnik, forthcoming, for discussion of what governs this pragmatic feature of
explanation.

6. Developmental systems theorists maintain that the evolutionary/developmental process
often cannot be prized apart in this way, that is, that it is not possible to adequately
answer evolutionary questions while bracketing development. If this is right, then in
contexts favoring evolutionary information, the explanandum would be the evolution of
the developmental process leading to large brains.
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the explanation directing attention toward one part of the causal process,
which leads to bracketing other parts of the process.

Another way to resist the move to contextual explanation is to claim
that the role of context is captured by specifying the contrast class of the
explanandum. Contrastive explanation is the idea that an explanation is
in part determined by what one considers to be the alternatives to the
event to be explained (Dretske 1972; van Fraassen 1980; Garfinkel 1981).
For instance, one might wonder why humans have large brains rather
than small brains or why humans have large brains rather than chimps
having large brains. Although specifying different contrast classes may
lead to different explanations, this does not capture the full relevance of
context. Consider explanations for why humans have large brains rather
than smaller brains. Research interests in development will still result in
an explanation that focuses on developmental pathways (why it is that a
given genotype leads to large brains rather than small brains), whereas
research interests in evolution result in an explanation that focuses on
natural selection (why it is that large brains were selected for rather than
small brains). Specifying the contrast class does not fully account for the
relevance of context. On this, I agree with van Fraassen (1980).7

The idea that the explanatory importance of causal information is con-
text dependent undermines the claim that higher-level explanations always
focus on important information and neglect only unimportant informa-
tion. Which causal relationships are explanatorily important and which
should be neglected for the sake of generality depends on the research
program in which the explanation is developed. Even if a higher-level
explanation is more general than its lower-level competitor, there are likely
to be contexts in which the causal relationships that are focal in the lower-
level explanation are explanatorily important. When this is so, the gen-
erality of the higher-level explanation results in the omission of infor-
mation that is important to the explanation, thereby diminishing the value
of the explanation. The force of this point only increases when one takes
into account that higher- and lower-level explanations often are not related
by supervenience. Oftentimes, lower-level explanations and higher-level
explanations simply differ in which causal relationships they represent
and which they neglect and so are general in different ways. Whether the
higher-level explanation or the lower-level explanation offers the right

7. Much of what I say here about context dependence fits with van Fraassen’s views on
explanation. According to van Fraassen, why-questions do not even arise without specific
interests—“legal, medical, economic; or just an interest in optics or thermodynamics
rather than chemistry’’—and without abstracting, “[thinking] of Caesar’s death qua mul-
tiple stabbing, or qua assassination’’ (1980, 130).
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type of generality—that is, captures the important causal information and
neglects the unimportant information—depends on the circumstances.

4. New Reasons for Explanatory Pluralism. I have argued that, despite
common assumptions to the contrary, explanations formulated at different
levels are often general in different ways, and those different forms of
generality are valuable in different contexts of explanation. These points
undermine the traditional argument against explanatory reductionism and
suggest an alternate conception of the relationship among levels of ex-
planation. The result is a new form of pluralism regarding levels of ex-
planation, one that is sensitive to the complexity of real-world causal
processes and to the ways in which science grapples with this complexity.

The antireductionist argument considered here is right about at least
one thing: generality is always valuable to explanation. The generality of
an explanation is what enables it to apply to a range of systems, thereby
grouping together systems that bring about similar outcomes via similar
means. An explanation highlights the distinctive features of the range of
systems to which it applies and demonstrates the causal regularities that
are responsible for the outcome to be explained.8 The way in which an
explanation is general—what information it includes and what it ne-
glects—determines the range of systems to which the explanation applies.
Relatively general explanations apply to a broad range of systems and,
consequently, pick out a broad causal pattern. More specific explanations
pick out a more limited causal pattern, but the explanation still applies
to a range of systems that behave similarly to one another. The explanation
is still general in a way that makes perspicuous a causal regularity and
that indicates the range of circumstances in which that regularity holds.
Explanations that offer different types of generality, that apply to different
ranges of systems, offer information about different causal regularities
that are involved in bringing about the event in question.

The type of generality that is appropriate depends on the explanation’s
context. Of course, which causal relationships have the potential to be
explanatory in the first place is constrained by the nature of the causal
process that leads to the event to be explained. A causal relationship
cannot be explanatory if it is not involved in bringing about the event in
question. But which among the potentially explanatory causal relation-
ships belongs in a particular explanation is decided by the context in
which the explanation is formulated. This context is determined by the

8. This suggests how the present ideas are compatible with both causal and unification
approaches to explanation, though the idea that citing causal regularities is explanatory
is probably most closely associated with the difference-making approach to explanation
(Woodward 2003; Strevens 2009).
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role to be played by the explanation, that is, the focus of the research
program in which the explanation is formulated. Because explanations
formulated on different levels are often not related via supervenience, they
are often general in different ways. That is, higher- and lower-level ex-
planations generalize to different ranges of systems, thereby highlighting
different causal regularities. Whether the higher-level or the lower-level
explanation is better depends on which of these causal regularities is
relevant to the guiding research interests.

Consider once more the distinct genetic and phenotypic explanations
for evolved traits. A genetic explanation provides insight into how the
dynamics of genetic transmission increased the frequency of the trait in
question. A phenotypic explanation provides insight into how the envi-
ronment selectively advantaged the trait in question and caused it to
predominate. These genetic and phenotypic explanations compete in the
sense that they are distinct explanations offered for a single event. More-
over, they cite properties that are reasonably described as lower and higher
level, respectively. Yet, as demonstrated in Section 2, they apply to dif-
ferent ranges of systems; in other words, they offer different types of
generality. By doing so, they highlight different causal regularities gov-
erning the processes by which traits evolve. Each type of explanation
captures one aspect of why, for example, humans have large brains. Which
explanation is better depends on the research interests that guide the
investigation. Accordingly, genetic explanations are typically developed
in population genetics, while phenotypic explanations are typically de-
veloped in evolutionary ecology.

Jackson and Pettit (1992) and Sober (1999) develop versions of the
classic antireductionist response that I criticize, but they are also pluralists
about levels of explanation. They grant that higher-level explanations are
more general than lower-level explanations, for they accept that higher-
and lower-level explanations cite properties related by supervenience and
that multiple realization is common. They are pluralists because they think
that explanations sometimes should be general (higher level) and other
times specific (lower level). This misidentifies the value of multiple levels
of explanation. Maximal generality of the right type always improves
explanations. Pluralism about explanation results from variance only in
what type of generality is called for, that is, what range of systems the
explanation should apply to. This is determined by contextual factors—
in particular, by what causal relationship is focal given the research pro-
gram at hand. I have shown that higher-level explanations need not be
more general than lower-level explanations and that the preferable level
of explanation depends on the type of generality that best captures the
causal relationship of explanatory importance in the context at hand.

This conception of the explanatory role of generality and its context
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dependence grounds a rich pluralism of approaches to explanation that
reflects the varied projects of science. Which of the many causal rela-
tionships involved in bringing about an event belongs in an explanation
of that event depends on the research interests that occasion the call for
explanation and determines the type of generality the explanation should
have. The rarity of supervenience relationships among competing expla-
nations undermines explanatory reductionism, as well as the common
antireductionist rejoinder. Indeed, the framework of “levels’’ of expla-
nation emerges as somewhat forced. It is more natural to distinguish
among alternate approaches to explanation that simply vary as to which
entities and properties are cited and thus which causal relationships are
focal.
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ABSTRACT

The value of optimality modeling has long been a source of contention amongst pop-
ulation biologists. Here I present a view of the optimality approach as at once playing
a crucial explanatory role and yet also depending on external sources of confirmation.
Optimality models are not alone in facing this tension between their explanatory value
and their dependence on other approaches; I suspect that the scenario is quite common
in science. This investigation of the optimality approach thus serves as a case study,
on the basis of which I suggest that there is a widely felt tension in science between
explanatory independence and broad epistemic interdependence, and that this tension
influences scientific methodology.

1 Introduction
1.1 The optimality approach and its detractors
1.2 The optimality approach and antireductionism

2 Explanatory Independence
2.1 Optimality explanations
2.2 Causal patterns and context of inquiry

3 Epistemic Interdependence
3.1 What optimality models overlook
3.2 Mutual epistemic dependence

4 Balancing Independence and Interdependence

1 Introduction

1.1 The optimality approach and its detractors

In evolutionary and behavioral ecology, the optimality approach is used to
model the evolution of phenotypic traits—physical characteristics, behaviors,
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and life-history strategies—without representing the system of genetic trans-
mission. Optimality models represent the evolution of a phenotypic trait as a
function of the relative fitnesses of the possible trait values. They are equilib-
rium models, as opposed to dynamic models. That is, optimality models are
used to predict the phenotypic trait values present at an evolutionary equilib-
rium, not the series of individual changes that a population undergoes on the
way to the equilibrium.1

For example, optimal foraging theory is used to predict what food sources
organisms tend to select as a function of maximal energy intake for a given
time investment (Stephens and Krebs [1986]). The redshank sandpiper (Tringa
totanus), a bird that feeds on worms in mudflats, exhibits a preference for eating
large worms over small worms. A simple optimality model accounts for this
preference: if large worms and small worms are both readily available, then
a redshank’s energy intake is maximized when large worms are chosen, since
they yield more ingested biomass (Goss-Custard [1977]). The evolution of the
redshanks’ preference for large worms is modeled as a function of the fitness
effects of this preference.

The optimality approach has been criticized by various biologists. Perhaps
most famously, Gould and Lewontin ([1979]) argue that the optimality ap-
proach goes wrong by ignoring the possibility of constraints and other non-
selective evolutionary factors. Marcus Feldman is further concerned that the
intricacies of genetic transmission in particular undermine the legitimacy of
the optimality approach (Schwartz [2002]; M. W. Feldman, personal commu-
nication). These are both versions of the concern that the optimality approach
omits important parts of the evolutionary process and, as a result, is unreliable.
Nowhere in the simple optimal foraging example above was there mention of,
e.g., the genetic causes of foraging behavior. Yet, foraging behavior could not
evolve if it weren’t heritable, and the particularities of how that trait is passed
on may affect how it evolves.

In light of such concerns, Lewontin ([1979]) suggests a provisional role for
the optimality approach. He claims that optimality arguments are ‘a form of
reasoning that is a shortcut attempt to predict community evolution’, whereas
a truly dynamical theory of evolution will ‘predict the evolutionary trajec-
tory of the community [. . .] on a purely mechanical basis’ (p. 6). On this view
the optimality approach is a crutch, to be used only until it can be replaced
by a model that more fully represents the evolutionary dynamics. Optimal-
ity models—equilibrium models—are to be replaced by models that capture
the step-by-step dynamics of evolutionary change. Dynamic models that

1 The optimality approach includes game-theoretic models, which are used when the fitness of a
trait depends on the trait values (strategies) of other members of the population. Game-theoretic
models often do not predict a single optimal trait value, but an optimal distribution of trait values
in a population, or even cyclical change (Hofbauer and Sigmund [1998]).
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predict evolutionary change ‘on a purely mechanical basis’ would incorpo-
rate the details of genetic or epigenetic transmission, and perhaps myriad other
evolutionary influences as well.

1.2 The optimality approach and antireductionism

This style of argument against the optimality approach is reminiscent of a
reductionist view of science, like that espoused in the classic papers by Nagel
([1961]) and Oppenheim and Putnam ([1958]). According to that view, the
existence of different fields of science may currently be a practical necessity, but
science aims to eventually explain the successes of these various fields by tracing
their laws back to a basis in microphysical laws. This form of reductionism seems
to be motivated by the idea that any regularities discovered in higher-level fields
must somehow arise from underlying physical dynamics. This is a palatable
idea to most; vitalism and similar views have few present-day apologists. Much
more controversial is the claim that information about these underlying physical
dynamics is needed to explain higher-level regularities. If so, then higher-level
fields of science are provisional: the discovery of underlying dynamics explains
their previous successes and renders them obsolete.

Explanatory reductionism and Lewontin’s ([1979]) criticism of optimality
models have this in common. Both suggest that modeling approaches are at
best provisional if they do not fully capture the dynamics that underly a pat-
tern of change. Such approaches are shortcut measures, adopted because what
Lewontin calls the ‘mechanical basis’ of change is not yet known. This parallel
suggests that an answer to criticisms of the optimality approach may be able
to do double-duty. Philosophical grounds for rejecting the idea that optimality
models are only of provisional value are, if widely applicable, also grounds for
rejecting similar ideas about other modeling approaches in science.

The aim of this paper is to do just that. The optimality approach persists,
despite the criticisms made against it, because it plays an important role in
population biology. Optimality models are best suited to provide a particular
form of evolutionary explanation. Contra Lewontin ([1979]), explanatory re-
ductionists, and others (e.g., Strevens [2009]), information about underlying
dynamics does not always improve explanations. Instead, explanations tailored
to their circumstances often benefit from the omission of information about
the underlying dynamics. It is in part because of their value as evolutionary
explanations that optimality models continue to be important to population
biology, and a similar rationale motivates the continuance of other modeling
approaches that neglect some dynamics. I call this the explanatory independence
of such modeling approaches, of which the optimality approach is one instance.

Yet, this explanatory independence is not the whole story. Critics of the opti-
mality approach are correct that some of the dynamics neglected by optimality
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models, including the dynamics of genetic transmission, can shape the course
of evolution. This is why it is necessary to establish the applicability and the pa-
rameters of an optimality model on a case-by-case basis. The same is also true
of many other modeling approaches. Many models only partially represent the
dynamics responsible for their target phenomena. Accordingly, their success
depends not only on the dynamics they represent, but also on the character
of the dynamics they neglect. One cannot ascertain whether such a model is
successful without looking beyond the model to get information about causes
that do not appear in the model. This dependence results in a circumstance
that I call the epistemic interdependence of modeling approaches.

In this paper, I argue that explanatory independence and epistemic interde-
pendence account for the role of the optimality approach in population biology.
I also offer some considerations that suggest that these notions apply equally
well to many other modeling approaches in science. Confirming models and
formulating explanations generate quite different demands, and the tension
created by these competing demands accounts for several features of scien-
tific methodology. Explanatory independence and epistemic interdependence
are investigated in turn below. I begin each discussion by focusing on my case
study of the optimality approach; then I suggest reasons for believing that other
modeling approaches fit into the same pattern.

As a final preliminary, I should distinguish my approach from a different
type of antireductionism. A common rejoinder to explanatory reductionism
is to grant the metaphysical point of supervenience, and then to defend the
explanatory importance of distinct fields of science on the grounds of multiple
realizability (Fodor [1974]; Putnam [1975]; Garfinkel [1981]; Kitcher [1984];
Jackson and Pettit [1992]). My approach is substantially different. In my view,
the explanatory value of models that neglect underlying dynamics is not due
to multiple realizability. Instead, I argue that these explanations are valuable
because of the need to simplify explanations in the face of widespread causal
complexity. Accordingly, I do not contrast independent, non-reductive expla-
nations with metaphysical dependence in the form of supervenience. The salient
contrast is instead with the epistemic dependence that exists among modeling
approaches as a result of this widespread causal complexity. This epistemic
dependence is of much more immediate relevance to scientific practice than the
metaphysical question of supervenience.2

2 My terminology is partially borrowed from Sterelny’s ([1996]) distinction between explanatory
independence and ontological dependence. Note, however, that Sterelny’s distinction is a version
of the classic antireductionist distinction between the metaphysical state of affairs (‘ontological
dependence’) and the strategy for formulating explanations. As indicated, I have a different
distinction in mind.
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2 Explanatory Independence

2.1 Optimality explanations

In Section 1, I described how optimality models shortcut the actual dynamics
of evolutionary change, and I discussed the various criticisms of the optimal-
ity approach that result. Despite such criticisms, the optimality approach still
enjoys widespread use. Optimality models have not been superseded by more
comprehensive models, e.g., models that also represent genetic dynamics. In-
stead, they continue to play an important role in evolutionary ecology and
population biology more generally. Lewontin ([1979]) suggests one reason for
the continued use of optimality models: the optimality approach is a useful
shortcut because genetic information about natural populations is in short
supply. Further, little is known about the genetic causes of most phenotypic
traits. For these reasons, it is often not feasible to model the genetic dynamics
of evolutionary change.

This certainly is an important motivation for the continued use of the op-
timality approach. Yet there is another reason still: optimality models best
explain an important class of evolutionary phenomena. The causal relation-
ships on which optimality models focus are key to understanding why certain
traits evolve. Optimality models represent how selection pressures influence the
fitness of traits, which is crucial in determining the results of long-term evolu-
tion acting in a constant environment.3 For this reason, optimality models are
well situated to explain traits that result from long-term evolution.4 Whenever
selection’s influence on traits is the crucial causal relationship for understand-
ing the course of evolution, an optimality model provides the best explanation.
The continued use of the optimality approach thus is not solely the result of
practical necessity due to epistemic limitations. There is a nonepistemic jus-
tification for optimality modeling, namely, that these models best explain an
important class of evolutionary events.

Recall the redshank sandpiper example from above. Redshanks exhibit a
preference for eating large worms over small worms. A simple optimal foraging
model explains this preference: a redshank’s energy per unit time is maximized
when large worms are selected, since they result in more ingested biomass
(Goss-Custard [1977]). Redshanks have evolved foraging behavior that includes

3 Several analyses support the conclusion that optimality and game-theoretic models can be reliably
employed to model long-term evolutionary change (Charlesworth [1990]; Hammerstein [1996];
Gomulkiewicz [1998]; Eshel et al. [1998]; Eshel and Feldman [2001]). The assumption that the
optimality approach can reliably substitute for a full population genetic approach is known as
the ‘phenotypic gambit’ (Grafen [1984]).

4 Of course, in order for an evolutionary outcome to be explained by an optimality model, the
model in question must accurately represent the dynamics that led to the outcome. The present
issue is not how to test the accuracy of an optimality model, but the explanatory value of accurate
optimality models. For discussion of issues related to the confirmation of optimality models, see
Section 3.1.



6 Angela Potochnik

a large-worm preference because redshank birds with this preference enjoyed a
selective advantage.

With enough genetic and developmental information about redshanks, a
genetic model could, in theory, be constructed for the evolution of this foraging
preference. The model would depict the series of genetic changes in the redshank
population that eventually led to a population comprised of individuals with
a taste for large worms. Suppose that this genetic model also represents the
dynamics of selection, just as the optimal foraging model does. Would this more
comprehensive model explain the redshanks’ large-worm preference better than
the simple optimality explanation?

For two reasons, the answer is no. The inclusion of genetic details would ac-
tually hinder the explanation. First, these details would detract attention from
the causal relationship that is of central explanatory value, viz., the selection
pressures that led to a redshank population full of large-worm eaters. This key
explanatory relationship would be lost amongst less crucial details. Second,
including information about the genetic causes of the large-worm preference
would actually be misleading. The evolution of the large-worm preference is
due to the consistent selective advantage enjoyed by this trait. Referencing spe-
cific genetic causes in an explanation of the trait’s evolution suggests a level of
sensitivity to the particular genetic details that is in fact absent. Optimal for-
aging theory accounts for a wide variety of foraging behaviors in predators of
all kinds. The means of transmission for this diverse group of behaviors across
multiple species is inevitably quite varied. The optimal foraging explanation for
redshanks’ preference for large worms identifies the preference as an instance
of this broad pattern. Including genetic information in the explanation would
suggest, contrary to fact, that the exact genetic causes of the preference were
the reason the preference evolved.

Consider another example. Many bacteriophages (viruses that infect bacte-
ria) reproduce by lysis, a process whereby new viral particles constructed inside
the host bacterium burst out into the environment, killing the host in the pro-
cess. Bull et al. ([2004]) consider an optimality model developed by Wang et al.
([1996]) for the length of time viral particles should be allowed to accumulate
before the host is lysed in order to maximize reproductive potential. The model
divides a bacteriophage’s life history into three phases. The dispersal phase
begins when a viral particle is released from a lysed host and ends when this
phage infects a new host; the juvenile stage begins with this infection and ends
when the first progenies (new viral particles) have matured inside the host; the
adult phase begins when these first progeny have matured and ends with lysis.
This life cycle is depicted in Figure 1(a).

There is a fitness trade-off between early and late lysis. Early lysis shortens the
time to the next generation, when the new viral particles begin to reproduce, but
late lysis allows time for more viral particles to accumulate within the host cell.
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Figure 1. Two representations of the life cycle of a lytic bacteriophage. Reprinted
from Trends in Ecology and Evolution, Vol. 19(2), J. J. Bull, D. W. Pfennig and
I. N. Wang, Genetic details, optimization and phage life histories, 76–82, 2004, with
permission from Elsevier. (a) The life cycle of a bacteriophage depicted as three
consecutive phases: juvenile, adult, and dispersal stages. Lysis ends the adult phase.
(b) The length of the adult phase (A) results from a fitness trade-off between number
of progeny (p(A)) and length of the total life cycle.

The optimal lysis time will balance these two factors. The relationship between
life cycle and number of progeny is depicted in Figure 1(b). The optimal lysis
time depends upon the overall length of the life cycle: the longer the average
dispersal time (D) and the juvenile stage (J), the longer lysis should be delayed.
This is an instance of a quite general pattern, according to which organisms
with longer life cycles benefit from delaying the age at which reproduction
begins (Wang et al. [1996]; Bull et al. [2004]). The optimal lysis time (A∗) in
a bacteriophage population with average dispersal and juvenile stages of total
length D+J is shown in Figure 2.5

This study nicely illustrates the value of optimality explanations. Bull et al.
([2004]) have information about the specific genetic influences on lysis timing
in bacteriophages; the purpose of their paper is to explore the relationship
between those genetic details and the optimality model. They do not employ
the optimality model out of practical necessity. Yet Bull et al. do not suggest
replacing the optimality model with a model that incorporates genetic dynam-
ics. I suggest that this is because the optimality model is a superior explanation
for the evolution of lysis timing.

5 Assuming a constant density of hosts and a constant average dispersal time, fitness is proportional
to the expression [p(A)]1/(D+J+A), where p(A) is the number of viral particles released with an
adult phase of length A, and D and J are the average lengths of the dispersal and juvenile phases.
Varying the length of A changes both the number of phages released at lysis and the generation
time of the phage life cycle. Maximizing this fitness function for A yields the same result as
maximizing its log, ln[p(A)]/(D + J + A). The optimum occurs where the graph of ln[p(A)] is
tangent to a line intersecting the horizontal axis at the beginning of the D+J interval. All other
lines through the origin that intersect ln[p(A)] will have a shallower slope, indicating a lower
population growth (Wang et al. [1996]; Bull et al. [2004]). This is shown in Figure 2.
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Figure 2. The optimal lysis time for a bacteriophage population with an average
dispersal and juvenile period of the length D + J. Reprinted from Trends in Ecology
and Evolution, Vol. 19(2), J. J. Bull, D. W. Pfennig and I. N. Wang, Genetic details,
optimization and phage life histories, 76–82, 2004, with permission from Elsevier.
See footnote 5 for the details of the model.

I claimed that replacing an optimality model with an explanation that
cites genetic details would detract attention from the main explanatory causal
relationship—namely, the influence of natural selection on trait values—and
would misleadingly suggest sensitivity to genetic details. So it is for explaining
the timing of lysis in bacteriophages. Different types of genetic factors influence
lysis timing in phages with large genomes and in phages with small genomes
(Bull et al. [2004]). Subtler genetic differences likely exist among different pop-
ulations of phages as well.6 Different phage populations thus exhibit different
dynamics of generational genetic change, even though they face the same se-
lection pressures on lysis timing. Any model of lysis timing that incorporated
genetic dynamics would apply only to a narrow range of bacteriophage popula-
tions. Such an explanation would obscure the key determiner of bacteriophage
lysis timing: the time it takes to reproduce is balanced against the number of
progeny in a way that maximizes reproductive potential. It would also suggest
that lysis timing would have evolved differently with different genetic dynam-
ics. That suggestion is misleading, since in fact there is a single pattern of lysis
timing in bacteriophages, regardless of the genetic influences on the trait.

In contrast, the optimality explanation of lysis timing provides a single
picture of the causal relationship between selection pressures (the trade-off
between shorter generations and greater number of offspring) and lysis timing
(delayed lysis when generations are long, accelerated lysis when generations

6 To further complicate matters, all phages exhibit plasticity in lysis time—that is, the expression
of the genes controlling lysis varies with the environment—and different types of phages exhibit
different degrees of plasticity (Bull et al. [2004]). This introduces another dimension of variability
in the relationship between genetic factors and phenotypic traits.
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are short). This picture is applicable to all phage populations, regardless of
their genetic compositions and the size of their genomes. Moreover, as Bull
et al. ([2004]) indicate, this is consonant with an even more general pattern
whereby organisms with a long lifespan delay reproduction and those with a
short lifespan hasten reproduction.

The explanatory value of this information is clear. For traits that result from
long-term evolution by natural selection, the sources of the traits’ selective
advantage are key to understanding why they evolved.7 This is because such
traits evolve in accordance with broad patterns of selective influence. Recall
that the explanatory power of natural selection was one of the pivotal successes
of Darwin’s original theory of evolution. Darwin’s insight was to explain many
features of organisms by citing their contribution to survival and reproduction,
that is, their selective advantage. Optimality models inherit this explanatory
role.

2.2 Causal patterns and context of inquiry

Assumptions about various features of scientific explanation lurk in the back-
ground of my argument for the explanatory value of optimality models. In
this section, I make those assumptions explicit and briefly defend them. This
further supports the value of optimality explanations, and it also suggests that
optimality explanations fit into a style of explanation that is common in science.

I have argued that optimality models best explain some traits because they
depict the evolutionary role of the traits’ selective advantage, and that including
other details, such as genetic information, would actually detract from the
explanation. Yet genetic transmission is indubitably a causal factor in evolution.
This suggests that explanations can benefit from omitting some information
about the causes of the event to be explained. I embrace this result. In my view,
the best explanation of an event will focus selectively on some causes of that
event, thereby neglecting other causal influences. This restricted focus enables
the explanation of an event to depict a broad causal relationship that plays
an important role in bringing about the event. An explanation that is focused
in this way shows how the event in question falls into a pattern of cause and
effect, and it indicates the conditions in which one can expect the occurrence
of events like the one in question.8 As optimality explanations illustrate, the

7 See (Abrams [2001]) for a detailed discussion of the roles that optimality explanations play in
population biology, and see (Rosales [2005]) for a defense of the explanatory value of game-
theoretic models in particular. Also, note that for short-term evolution and for traits that are
not strongly influenced by selection, the optimality approach is not widely successful. In these
situations, other causal influences tend to eliminate the possibility of an evolutionary pattern due
to selection.

8 Alternate formulations of this point capture the intuitions behind different accounts of scientific
explanation. Focusing on a broad causal relationship crucial to bringing about an event shows
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omission of other causal factors is valuable because it directs attention to the
causal pattern and implicitly or explicitly specifies the extent of that pattern.9

This is why the redshanks’ preference for large worms is explained by the
fact that preferentially eating large worms maximizes ingested biomass. This
explanation identifies the redshanks’ eating habits as an instance of a general
foraging pattern, whereby predators evolve in a way that optimizes energy
intake. The causal relationship between worm size and evolved foraging habits
is mediated by many intervening steps, but that information is immaterial to the
explanatory causal relationship. For example, the particular genotypes related
to the redshanks’ worm preference are irrelevant to the pattern of optimal
foraging. This is illustrated by the fact that the pattern is observed in predators
of all kinds, with a wide range of genomes.

My claim, then, is that explanations benefit from the omission of some
causal information because this facilitates focus on a broad causal relationship
crucial to bringing about the event. At first glance, this is similar to views
articulated by Putnam ([1975]), Garfinkel ([1981]), and Strevens ([2009]), but
there is an important difference. According to those authors, explanations
should neglect causal information that is irrelevant to the occurrence of the
event to be explained. Simply put, their idea is that if different underlying
causal dynamics could have led to the same event, then the actual underlying
dynamics are not relevant to explaining the event. I urge a further-reaching
omission of causal information. Some of the causal factors that I suggest are
to be omitted from an explanation in fact are relevant to the occurrence of the
event to be explained. Consider the genetic causes of the redshank’s foraging
preference. Those genotypes are an essential part of the process of cumulative
evolution that leads to the redshank’s foraging habits. (Note that they would
qualify as difference makers for both Woodward [2003] and Strevens [2009].)
Yet, as causally important as these genotypes are, their particular specification
is not relevant to the causal pattern of optimal foraging. Despite their causal
relevance, then, the genetic details do not belong in an explanation that focuses
on the optimal foraging pattern.

This difference is important. The Putnam/Garfinkel/Strevens tack of elimi-
nating irrelevant causal information does not sufficiently limit the information
included in an explanation, especially when explaining an event that results
from a complex causal process. Cumulative evolutionary change offers plenty

why the event was to be expected (Hempel [1966]), how the event embodies a general pattern
(Friedman [1974]; Kitcher [1981]), and what causal factors (in some sense) made a difference to
the occurrence of the event (Woodward [2003]; Strevens [2009]). Indeed, I expect my points here
to be separable from any particular account of explanation.

9 I argue elsewhere that the neglect of causal information is valuable to an explanation when it
makes the explanation more general in a desired way (Potochnik [2007]). That is one way to
articulate the explanatory value of omitting some causal information, but there may be alternate
formulations, perhaps in terms of unification or simplicity.
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of examples. Evolution is without fail a complex process, with diverse causal
factors influencing fitness, inheritance, and development. Yet most evolution-
ary explanations focus on only a subset of those factors. As I see it, the neglect
of causal factors facilitates a focus on a causal pattern into which the event in
question fits.

Evolutionary explanations also illustrate a further complication. A single
causal process—especially a complex process like cumulative evolutionary
change—may instantiate multiple causal patterns, and a causal factor may
be relevant to some but not all of these patterns. For example, whereas red-
shank genotypes are not relevant to the optimal foraging pattern, they are
relevant to the species- or population-specific pattern of generational genetic
change that leads to the large-worm preference. As a consequence, factors that
causally influence the event to be explained, like redshank genotypes, may not
belong in some explanations of that event, but cannot be eliminated from every
explanation of that event. The move to explanations that focus on a causal
pattern creates the need to decide on a case-by-case basis whether a causal
influence belongs in an explanation, taking into account which causal pattern
the explanation features. As a result, the omission or inclusion of some causal
influences depends on a contextual factor, namely, which causal pattern the
explanation is designed to highlight.

This wrinkle was not made explicit in Section 2.1’s argument in support of
optimality explanations, so let us consider its import. Optimality models show
how evolved traits contribute to survival and reproduction, and those causal
patterns are explanatory when attention is focused on how the environment
influenced the evolution of a trait. The intuitive appeal of the optimality expla-
nation of redshank foraging preferences results from an implicit focus on the
environmental sources of selective advantage. The same is true for explaining
bacteriophage lysis timing in terms of maximizing reproductive potential in
the face of a fitness trade-off. Focusing on other types of patterns can result in
different styles of explanation. This is why genotypes belong in an explanation
of redshank foraging preferences when generational genetic change is the pat-
tern of interest. Similarly, genetic and developmental factors help explain lysis
timing when attention is focused on how the pattern of inheritance influences
the evolution of lysis timing. In general, which causal pattern is explanatory
depends on the context of inquiry, that is, the research program in which the
explanation is formulated.

Within the context of a particular research program, causal factors that
are not relevant to the pattern of interest are bracketed off as background
conditions. This often involves black-boxing those factors, i.e., providing only a
functional specification of them. For instance, optimality explanations simply
specify that a trait is heritable rather than depict its actual genetic causes,
and genetic explanations use selection coefficients to stand in for how the
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environment acts on different phenotypes. Black-boxing some causal factors
allows the focal causal pattern to take center stage in the explanation. Yet, as
the coexistence of optimality explanations and genetic explanations illustrates,
causes that are treated as background conditions in one research program might
very well be focal in another.

We have seen examples of optimality explanations; let us consider a research
program where a genetic explanation is sought instead. Curnow and Ayres
([2007]) develop two genetic models for the evolution of maternal behavior in
the cowpea weevil (Callosobruchus maculates). A female weevil can lay her eggs
in a single seed or in multiple seeds, and she can produce offspring with different
levels of aggressiveness. Curnow and Ayres’ models make simple assumptions
about the fitness of these traits in order to focus on the genetic dynamics of
their evolution. They develop two models to contrast the evolutionary process
in different genetic scenarios: when the traits are each affected by a single gene
and when each is affected by two genes (single-locus and a two-locus models,
respectively). Curnow and Ayres justify their decision to develop genetic models
for this behavioral trait by specifying that ‘a full population genetic approach
is needed if the rate of change of allele frequencies is of interest’ ([2007], p. 68).
The researchers seek a genetic explanation for the evolved behavior because
the pattern of genetic change—the rate of allelic change—is of interest.

The context of inquiry is a pragmatic feature of explanation: it is an influence
on explanations that goes beyond facts about the event to be explained and the
causes of that event. I suspect that explanations are always local in this way, that
it makes no sense to talk about the best explanation of an event, independent
of a context of inquiry. Van Fraassen ([1980]) assigns a similar role to context;
he articulates the point as follows:

It is sometimes said that an Omniscient Being would have a complete expla-
nation, whereas these contextual factors only bespeak our limitations due
to which we can only grasp one part or aspect of the complete explanation
at any given time. But this is a mistake. If the Omniscient Being has no
specific interests (legal, medical, economic; or just an interest in optics or
thermodynamics rather than chemistry) and does not abstract (so that he
never thinks of Caesar’s death qua multiple stabbing, or qua assassination),
then no why-questions ever arise for him in any way at all—and he does not
have any explanation in the sense that we have explanations. ([1980], p. 130)

Explanation is indelibly context-dependent. Research interests determine which
causal relationships in an event’s long and complex causal history are fo-
cal. The rest of the causal history is neglected, black-boxed as mere back-
ground conditions for the causal pattern featured in the explanation. But let
me be clear about the extent of this context-dependence. Explanation is only
context-dependent at the level of determining which of the many actual causal
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factors should be included in a particular explanation. If the process under in-
vestigation does not conform to some causal pattern, then that pattern cannot
explain the outcome of the process. No amount of interest in a pattern can will
it into existence.

This discussion clarifies Section 2.1’s defense of optimality explanations.
There I argued that optimality models best explain traits that result from long-
term evolution heavily influenced by natural selection. The more accurate claim
is that this is so in particular contexts of inquiry, that is, when research interests
are directed at understanding the selection pressures on traits, a common focus
in evolutionary ecology. It must also be the case that the evolutionary process in
question embodies the pattern represented in the optimality model. When these
conditions are met, the inclusion of additional causal information—about the
dynamics of genetic transmission, for example—would only detract attention
from the explanatory causal pattern: how selection shaped the evolution of
the trait. The failure to abstract away from extraneous details would also
misleadingly suggest that these causes cannot be bracketed, that they are an
essential part of the focal causal pattern. Other contexts of inquiry result in a
focus on different causal patterns. Curnow and Ayres ([2007]) seek a genetic
explanation for the trait they investigate because they are interested in how
genetic transmission influences evolution. In that context, information about
the ecological sources of fitness would be unimportant, distracting details.

The coexistence of distinct explanations for a single event I call explanatory
independence. The explanations are independent in the sense that each individ-
ually explains the event in question; indeed, each is the best explanation of the
event in the context of certain research interests. Explanatory independence
ensures the persistence of distinct genetic and optimality approaches to mod-
eling evolutionary change. This example of distinct, independent explanations
is particularly apt for two reasons. Evolution is a prime example of a complex
causal process, and genetic and optimality explanations each focuses upon a
part of the causal process that the other explicitly ignores.

I suspect that explanatory independence is found throughout much of sci-
ence. Independent explanations, tailored to different purposes, are valuable
whenever complex causal processes are encountered, and we live in a complex
world. Even apparently straightforward events result from the combination
and interaction of diverse causal influences, as part of causal processes that
extend indeterminately far back in time. Examples of this abound in tradi-
tional fields such as economics and meteorology (consider the multitudinous
influences on global warming). Collaborative ventures such as global systems
science and biogeophysics provide further illustration. As for evolutionary ex-
planations, so for explaining other results of complex causal processes. Events
that are influenced by many different causal factors have multiple independent
explanations, each tailored to a different context of inquiry. For instance, one
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may focus on the atmospheric causes of global warming (such as levels of water
vapor and carbon dioxide), the sociological causes of global warming (such as
the industrial revolution), or the economic causes of global warming (such as
the undervaluing of greenhouse gases on the global market).

3 Epistemic Interdependence

3.1 What optimality models overlook

I have argued that the explanatory value of optimality models is due to their
focus on natural selection’s influence on traits, a focus that is achieved par-
tially via black-boxing genetic dynamics. This also accounts for the tractability
of the optimality approach, a point in the approach’s favor that is not con-
tentious. Yet optimality models’ neglect of other evolutionary factors adds an
element of unreliability to their use. Because optimality models use highly sim-
plified assumptions as placeholders for complex dynamics, their successful use
depends upon evolutionary dynamics that the models themselves do not explic-
itly represent. In other words, optimality models are epistemically dependent
on unrepresented dynamics. Information about these unrepresented dynam-
ics helps establish whether an optimality model’s simplifying assumptions are
problematic, and thus how successful the model is.

Genetic constraints are a prime example of how unrepresented dynamics
can have unanticipated effects on evolution. Genetic transmission can involve a
host of complications, such as epistasis (different genes with interacting effects)
and pleiotropy (one gene with different unrelated effects). Such complicating
factors may cause an evolutionary outcome to deviate widely from an optimal-
ity model’s predictions. For this reason, optimality models are epistemically
dependent on unrepresented features of genetic transmission. The success of
the simplifying assumptions that optimality models use to stand in for genetic
dynamics must be established on a case-by-case basis.10

Bull et al.’s ([2004]) investigation of lysis timing in bacteriophages illustrates
these points. Recall from Section 2.1 that Bull et al. evaluate an optimality
model developed by Wang et al. ([1996]). In particular, they use genetic in-
formation to assess the success of the model’s simplifying assumptions. One
assumption of the model is that lysis is the phages’ only reproductive option.
This ignores the possibility of phage secretion—a nonlytic method of bacterio-
phage reproduction that is advantageous if it does not compromise fecundity.
Bull et al. confirm that phage secretion is not an option by comparing the

10 There is a related methodological question regarding the degree to which an optimality model’s
assumptions must be corroborated for the model to be legitimately employed. That question
is beyond the scope of this paper; the present epistemic point is just that information about
unrepresented dynamics bears on the confirmation of an optimality model. I address the separate
methodological question in (Potochnik [2009]).
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genetics of lytic and nonlytic phages. The genetic systems behind lysis and
phage secretion are fundamentally different; so no small number of mutations
would suffice to interchange the two systems of reproduction (Model and Rus-
sel [1988]). This shows that it is not possible for lytic bacteriophages to switch
to phage secretion, which vindicates the assumption in question.

A second assumption of the model is that lysis timing is a quasi-independent
trait, i.e., that it can vary without simultaneously changing other traits of the
bacteriophage.11 Quasi-independence could fail if the genes that influence lysis
timing have pleiotropic effects (additional unrelated phenotypic effects), in
which case selection on other traits may influence the evolution of lysis timing
in an unexpected way. Bull et al. establish quasi-independence by investigating
the particular genes responsible for lysis timing. In large-genome phages, lysis
timing is controlled by modular genes: mutations to those genes have few effects
on other traits, and the genes retain their function when inserted into different
phage genomes. Phages with small genomes have genes dedicated to controlling
lysis (Loessner et al. [1998]; Vukov et al. [2000]; Ramanculov and Young [2001];
Bull et al. [2004]). This shows that genetic influences on lysis timing do not have
major pleiotropic effects, which confirms quasi-independence.

Bull et al.’s ([2004]) work demonstrates how genetic information can help
confirm the viability of an optimality model’s simplifying assumptions and
illustrates the optimality approach’s epistemic dependence on genetics. Yet the
epistemic dependence of the optimality approach is broader than this. There
are additional factors besides genetic transmission that are not represented in
optimality models, but that have the potential to derail the models’ success-
ful employment. For instance, the space of evolutionary possibility is always
shaped by background physical and biological constraints. The tremendous
influence a simple constraint can have is exemplified by the jigsaw constraint
in Cerion, a genus of West Indian land snail. Different populations of Cerion
exhibit tremendous variation in the shapes of their spiral shells. Gould ([1989])
discusses how the combination of two constraints governs this variation. There
is a geometrical constraint: for a given shell-size, bigger whorls automatically
lead to fewer whorls, just as fewer big pieces than small pieces fit into a jigsaw
puzzle of a set size. There is also a developmental constraint: all members of
Cerion exhibit the same three-phase pattern of shell growth, and this further
limits the possible shell shapes. Together these comprise the jigsaw constraint
that results in the covariance of whorl number, whole size, and the overall shape
of the shell (Gould [1989]). Any optimality model that assumed the indepen-
dence of these features would be unsuccessful.

11 The idea of quasi-independence is due to Lewontin ([1978]). The independence is ‘quasi’ to allow
for some genetic linkage between traits. For traits to be quasi-independent, linkage must be weak
enough for mutations to change one trait value without also changing the other trait value (R.
C. Lewontin, personal communication).
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Constraints arising from geometry, physics, and background biology thus
must be added to genetic constraints on the list of evolutionary influences upon
which the optimality approach is epistemically dependent. Nor is this the extent
of the dependence of optimality models on dynamics that they do not explicitly
represent. Influences on evolution can arise from nearly any direction and can
affect the success of optimality models via their specific parameters, such as the
fitness function and the range of possible trait values, and the success of their
simplifying assumptions.

3.2 Mutual epistemic dependence

The previous section depicts how the success of optimality models depends
upon dynamics external to the models’ explicit considerations. Information
about these dynamics is imported from other subfields of biology and different
fields of science. Here I argue that the optimality approach is not alone in its
epistemic dependence on other approaches. To begin with, population genetic
models of evolution are reciprocally dependent on ecological information about
selection dynamics, information that optimality investigations are well-suited
to provide. Indeed, I propose that epistemic dependence on other approaches
is commonplace in science.

In population genetics, evolutionary change is modeled as generational
changes in the distribution of genotypes (the genetic causes of different phe-
notypes). These models explicitly represent the genetic dynamics, which is why
critics of the optimality approach consider this to be a superior approach to
modeling evolution. However, as with optimality models, the success of genetic
models depends on the corroboration of simplifying assumptions about ne-
glected dynamics. Genetic models assign selection coefficients to genotypes as
a way to account for the dynamics of natural selection. Because little is known
about the relationship between most genotypes and phenotypes, selection co-
efficients are often based on an empirical measure of one component of fitness,
such as number of offspring reared to weaning (Lewontin [1974]). When the
phenotypic effects of genotypes are known or postulated, selection coefficients
instead may be based on theoretical considerations of selection’s influence. In
both cases, selection coefficients can fail to reflect the actual selection dynamics,
thereby undermining the model’s success. This is where ecological information
comes into play.

Consider the two population genetic models developed by Curnow and
Ayres ([2007]) that were introduced in Section 2.2. Curnow and Ayres base
the parameters of their models on theoretical conjectures about the fitness
effects of the maternal cowpea weevil behaviors at issue.12 They emphasize the

12 The maternal behaviors under investigation are how many seeds a weevil lays her eggs in and
the level of aggressiveness of her offspring. Curnow and Ayres assume that selection favors
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provisional nature of these assumptions:

These models, and more complicated versions of them, must remain spec-
ulative until there is experimental evidence from natural or synthetic popu-
lations confirming the necessary values of the selection parameters. ([2007],
p. 74)

Experimental evidence regarding the effects of selection is needed to confirm
the models’ assumptions, and that evidence would come from an ecological
investigation of the sources of fitness differences between maternal behavior in
cowpea weevils.

Population genetic models and optimality models are in parallel positions.
Each partially represents the complex process of evolutionary change and
neglects the details of some of the dynamics. For this reason, the success
of each approach depends on model parameters and background assump-
tions, the accuracy of which can only be confirmed by looking to other ap-
proaches to investigating evolution. Both are epistemically dependent; indeed,
they are epistemically interdependent. By this I mean that the success of these
models depends on diverse sources of information about causes not explicitly
represented—information gathered with the help of other tools and other fields
of science—and that this dependence is mutual. The genetic approach and the
optimality approach each offers partial insight into the complex process of cu-
mulative evolutionary change, and both forms of insight are valuable. This is a
particularly nice illustration of epistemic interdependence, since each approach
offers information about some of the dynamics that the other neglects.

I conjecture that epistemic interdependence is widespread in science. Sci-
ence’s specialized tools variously require external sources of information about
causal influences they neglect and provide such information for other ap-
proaches. The basic reason for epistemic interdependence is the same as the
reason for explanatory independence: many phenomena result from the com-
bination and interaction of diverse causes. This leads to partial, independent
explanations, but it leads to an opposite epistemic result, namely, the necessity
of collaboration. Complex phenomena are encountered throughout science.
Many modeling approaches only represent a small subset of the diverse causal
influences on their target phenomena, for reasons of tractability as well as ex-
planatory focus. The neglect of causal influences has its price, though, for the
success of a partial model is subject to the success of its assumptions about
neglected parts of the causal process. This results in the situation that I have
dubbed epistemic interdependence.

females who lay eggs of nonaggressive progeny in a single seed and females who lay eggs of
aggressive progeny in different seeds. Additional assumptions are introduced with the models’
specific selection parameters ([2007], Section 2).
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4 Balancing Independence and Interdependence

I have made two claims about the optimality approach: optimality models are
valuable as independent explanations, and yet they are dependent on other
modeling approaches for help, confirming assumptions made in the models.
Indeed, I have argued that population genetics models are in a similar position.
They sometimes explain, but they too exhibit epistemic dependence. Given
the importance of these modeling approaches to population biology, it seems
fair to say that that field is characterized by what I have termed explanatory
independence and epistemic interdependence. I also have suggested that this
situation is much more widespread in science. I suspect that, as in population
biology, the tools of science are epistemically interdependent in the sense that
their applicability can often only be established in a piecemeal way, in a process
that involves gleaning evidence from external sources. Yet these same tools
provide independent explanations of their target phenomena, explanations that
are tailored to specific research interests.

This pairing of explanatory independence and epistemic interdependence
grounds an antireductionist conception of science. This is not the classic antire-
ductionism that defends non-reductive explanations in the face of metaphysical
supervenience. The focus is instead on the tension between independent non-
reductive explanations and the difficulties of confirming those non-reductive
models. The need for independent explanations tailored to different contexts
motivates the persistence of partial modeling approaches, as does the tractabil-
ity of those approaches. Meanwhile, the epistemic interdependence of such
modeling approaches compensates for each approach’s inherent limitations.
A raison d’être for these approaches is their explanatory value, while their
legitimacy is secured via mutual evidential support.

If I am right that this scenario is common, a distinctive picture of science
emerges. The targets of many scientific investigations are phenomena that re-
sult from the combination and interaction of diverse causal factors. This causal
complexity leads to both epistemic interdependence and explanatory indepen-
dence. Causal complexity creates the need for individual, simplified explana-
tions that pick out the causal patterns important for specific research interests,
and it makes this divide-and-conquer approach to science effective for practical
reasons as well. Separate fields, subfields, and laboratories persist, as do their
distinct research programs. Yet collaboration among workers in these different
fields is important. Evidential interrelationships do not respect field bound-
aries; they require cross-disciplinary evidence-gathering. This is illustrated by
the proliferation of interdisciplinary investigations in science. I suggest that the
optimality approach is typical in these regards. The character of the diverse
fields of science, as well as the relationships among them, is heavily influenced
by the counterbalanced pressures of explanatory independence and epistemic
interdependence.
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Abstract The fate of optimality modeling is typically linked to that of adapta-

tionism: the two are thought to stand or fall together (Gould and Lewontin, Proc

Relig Soc Lond 205:581–598, 1979; Orzack and Sober, Am Nat 143(3):361–380,

1994). I argue here that this is mistaken. The debate over adaptationism has tended

to focus on one particular use of optimality models, which I refer to here as their

strong use. The strong use of an optimality model involves the claim that selection is

the only important influence on the evolutionary outcome in question and is thus

linked to adaptationism. However, biologists seldom intend this strong use of

optimality models. One common alternative that I term the weak use simply

involves the claim that an optimality model accurately represents the role of

selection in bringing about the outcome. This and other weaker uses of optimality

models insulate the optimality approach from criticisms of adaptationism, and they

account for the prominence of optimality modeling (broadly construed) in popu-

lation biology. The centrality of these uses of optimality models ensures a

continuing role for the optimality approach, regardless of the fate of adaptationism.

Keywords Adaptationism � Behavioral ecology � Evolution � Natural selection �
Optimality modeling � Population biology

Criticisms of adaptationism have been well-articulated and assimilated into the

thinking of most population biologists and philosophers of biology, and optimality

modeling is typically regarded to be adaptationism’s henchman. Consequently,

when one defends the value of optimality models to evolutionary biology, the first
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question posed is often, ‘‘but what about all of the problems with adaptationism?’’

My aim here is to decouple optimality modeling from adaptationism.

Distinct theses are lumped under the term ‘‘adaptationism’’ (Orzack and Sober

1994; Godfrey-Smith 2001), but roughly, the idea is that selection is the only

important influence on evolutionary change (Orzack and Sober 1994) and that, for

this reason, phenotypic traits typically attain optimal values (Gould and Lewontin

1979). Gould and Lewontin’s seminal paper (1979) formulated these criticisms in

terms of optimality modeling, and others have followed suit. Optimality models—

equilibrium models that represent the evolution of a phenotypic trait as a function

of the relative fitnesses of the trait values—are thought to presuppose the ubiquity

and omnipotence of selection and to ignore the possibility of constraints and other

non-selective evolutionary factors. These models are consequently held to be

suspect.

In contrast, I argue in this paper that the legitimate and fruitful use of

optimality models does not require the vindication of adaptationism. The situation

is that of the baby and the bathwater. Criticisms of adaptationism should be taken

seriously (as they in fact are), and these criticisms do have implications for

optimality modeling. Yet optimality modeling does not require the truth of

adaptationism in order to be a valuable tool for population biology. Only one

particular use of optimality models—what I call their strong use—is directly

linked to adaptationism. The strong use of an optimality model involves the claim

that selection is the only important factor influencing the evolutionary outcome in

question.

Interestingly, whereas most philosophical literature focuses on this strong use,

population biologists oftentimes employ the optimality approach for other purposes.

Optimality models are frequently used simply to represent the role of selection in

bringing about an evolutionary outcome, and even just to preliminarily investigate

the mere possibility of selective influence on a trait. Neither of these weaker uses of

optimality models involves the claim that selection is the only important influence

on the evolutionary outcome that is modeled. Thus, although the fates of the strong

use of optimality models and adaptationism are tightly linked, the same is not true

for other uses of optimality models. Weaker uses of optimality models do not

require the vindication of adaptationism to establish their legitimacy. Because these

weaker uses are quite common in—and quite valuable to—population biology,

critiques of adaptationism have a limited impact on the well-foundedness of the

optimality approach.

Different uses of optimality models

The optimality approach provides a way to model evolution by natural selection

purely phenotypically, without directly representing the system of genetic

transmission. Optimality models proceed according to the following schema. One

determines the range of possible trait values for the phenotype of interest and the

fitness function that relates these phenotypic trait values to their success in the

present environment. Based on this information, an optimality model predicts which
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trait value(s) would predominate in the population as a result of selection, given

enough time in the current environment for an equilibrium to be reached.1

Different claims might be made about the relationship between an optimality

model and the actual evolutionary outcome. For instance, the assumption that

selection is the sole evolutionary factor at work and that sufficient time has passed

in the current environment grounds the claim that a successful optimality model’s

prediction will perfectly match the observed trait value(s). Relaxing one or more of

these assumptions results in various weaker claims, e.g., that the model’s prediction

would be fully accurate if enough time had passed. Different uses of optimality

models are distinguished by these different types of claims made about the

relationship between an optimality model and a target evolutionary outcome.

What I have termed the strong use of an optimality model occurs when a model is

taken to represent all important influences on the evolution of the trait modeled. The

claim that an optimality model represents all important causes of the evolutionary

outcome in question posits the tightest possible connection between the optimality

model and the evolutionary outcome. In order for this claim to be true—that is, in

order for an optimality model to represent all important causes of the evolutionary

outcome—several conditions must be met. The model’s fitness function and the

range of possible trait values must be fully accurate in order for the dynamics of

selection to be accurately represented. Sufficient time must have passed for the trait

to reach equilibrium in order for these selection dynamics to have effected the

expected trait value(s). Finally, natural selection must be the only important

influence on the evolutionary outcome in question. This last condition ensures that

the optimality model’s representation of the selection dynamics is exhaustive of the

evolutionary influences on the outcome. Put more simply, this ensures that the

optimality model tells the whole story.

Implicit in this conception of the requirements for the strong use of optimality

models is the idea that selection is the only evolutionary factor that optimality

models represent. One might object that optimality models actually do represent

other evolutionary factors via incorporating constraints. I will not provide a decisive

argument against such a view here; what is required for a model to represent an

influence—as opposed to neglecting or black-boxing it—is a complicated question.

Nonetheless, at least two considerations suggest that selection is the only

evolutionary factor represented by optimality models. First, broad physical and

biological constraints always limit the range of evolutionarily possible trait values,

so every optimality model must incorporate these types of broad constraints. Yet

selection is sometimes considered to be the only evolutionary factor at work, despite

the ubiquity of background constraints. This is possible because these types of

1 Understood in this way, the optimality approach also includes game-theoretic models, which are used

when trait fitnesses are frequency-dependent. The fitness functions used in game-theoretic models take

into account not only the environment, but also the trait values (strategies) of the other members of the

population. For this reason, game-theoretic models often do not predict a single optimal trait value, but an

optimal distribution of trait values in the population. Some game-theoretic models even predict that there

will not be a stable distribution of trait values, but a continual cycle of change (Hofbauer and Sigmund

1998). My points in this paper apply to this broad class of models, for they pertain to all equilibrium

models that do not represent genetic transmission, regardless of whether a single optimal trait value is

predicted.
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broad, background constraints are not counted as distinct evolutionary factors, but

simply are taken to reflect the realm of physical and biological possibility. So at

least for these types of constraints, their incorporation into optimality models is not

taken to constitute the representation of additional evolutionary factors. Second, if

optimality models only represent selection, then this maintains a tight connection

between the strong use of optimality models and adaptationism. The tradition of

linking optimality modeling to adaptationism suggests that some use of optimality

models is valuable to determining the truth of the various adaptationist claims, and it

seems that the strong use of optimality models is best positioned to play this role. I

thus proceed on the assumption that optimality models do not actually represent
non-selective evolutionary factors, even when they take these factors into account

by incorporating constraints.

The strong use of an optimality model thus amounts to a claim about

representation: that the model accurately represents the selection dynamics, and

that there are no other important evolutionary factors to represent (for the target

evolutionary outcome in question). Unsurprisingly, the strong representational role

intended with this use of optimality models results in stringent standards for model

testing. If the model’s predictions are inaccurate, even to a small degree, then this is

evidence that selection is misrepresented or that there is another evolutionary

influence on the outcome. From this it would follow that the strong use of the

optimality model in question is not successful—the model does not represent all

important evolutionary influences. Additional evidence regarding the success of the

strong use of an optimality model comes from comparing the optimality model’s

predictions with the predictions of models that represent additional evolutionary

factors, such as genetic transmission and drift. If selection is the only important

evolutionary influence on an outcome, then the optimality model’s predictions

should be at least as accurate as those of these alternate types of models. Even

observed variation around the predicted trait value(s) may indicate a non-selective

evolutionary influence and, consequently, the failure of the optimality model in its

strong use. The stringent evidential requirements that accompany the strong use of

optimality models are precisely those that have been identified as important in

generating support for adaptationism (Orzack and Sober 1994, 1996; Brandon and

Rausher 1996).

Most of the philosophical discussion of optimality modeling regards the nature of

the connection between the optimality approach and adaptationism. Throughout this

discussion, the strong use of optimality models is implicitly assumed. For instance,

Orzack and Sober state that

The rationale for the focus on phenotypes is the notion that natural selection

will overcome any genetic or developmental constraints on an evolutionarily

important trait. (1994, p. 362)

That is, the justification given for optimality modeling—i.e., for focusing on

phenotypic change directly and ignoring the details of genetic transmission and

development—is that natural selection is the only important influence on the

evolution of many traits (the ‘‘evolutionarily important’’ ones). If selection is the

only important evolutionary influence, then genetic and developmental details can
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be safely ignored. This rationale is linked to the strong use of optimality models, in

which an optimality model’s representation of selection is taken to give a complete

picture of the evolutionary influences at work.

Yet the strong use of optimality models is not the only way, nor even the standard

way, that the optimality approach is employed in population biology. Optimality

models are routinely constructed for other purposes, purposes that involve weaker

claims about their representational capacities. As outlined earlier in this section,

different claims can be made about the relationship between an optimality model

and a target evolutionary outcome, and these different claims distinguish different

uses of optimality models. The strong use of an optimality model involves the

strongest representational claim: that the model accurately represents all evolution-

ary dynamics. A distinct use of an optimality model arises with the weaker claim

that the model represents the role of natural selection in bringing about the

evolutionary outcome. Absent is the claim that the model represents all evolutionary

influences. I call this the weak use of optimality models.

This weaker representational role of optimality models results in less stringent

criteria for a model’s success. In order to succeed in its weak use, an optimality

model must accurately represent the selection dynamics involved in producing the

target evolutionary outcome, but a model may still be successful even if factors

besides selection influence the outcome. Optimality models can reflect the effects of

some non-selective influences by altering the fitness function and/or range of

possible trait values in response to the existence of genetic, phylogenetic or

developmental constraints. Other constraints, genetic drift, and insufficient time for

the trait to reach equilibrium may be unaccounted for, which can lead to some

deviation between the model’s prediction and the observed trait value(s). Within

limits, such deviation does not impede the success of an optimality model. In its

weak use, an optimality model must accurately represent selection, but if selection

is only part of the evolutionary story, then observed trait values may vary from the

values the optimality model predicts.2

Of course, the dynamics of the optimality model must correspond to the actual

evolutionary dynamics in some respects, viz., the model must accurately represent

the dynamics of selection. Most basically, in order for this correspondence to occur,

it must be the case that selection influences the evolutionary outcome in question.

Additionally, the optimality model’s fitness function must accurately represent the

nature of this selective influence; the range of possible trait values used in the model

must be accurate; and enough time must have passed for selection to have had a

chance to influence the trait in question. If the optimality model is successful in

these regards, then there will be at least some qualitative agreement between the

model’s predictions and the observed trait values. When the influence of non-

selective factors is small, or when constraints are used to account for the effects of

non-selective influences, an optimality model’s predictions likely will be quite

accurate.

2 If there is a large amount of deviation between predicted and observed trait values, then an optimality

model may be taken to fail, even in the weak use outlined here. This point is discussed in the

section ‘‘Lessons from the adaptationist critique’’.

Optimality modeling in a suboptimal world 187

123



The successful weak use of an optimality model does not ensure that the

evolutionary outcome occupies a local optimum (or for frequency-dependent traits,

an evolutionary stable state; see footnote 1). As I pointed out above, the strong use

requires perfect correspondence between predicted and observed trait values. In

other words, for the strong use of an optimality model to be successful, the

optimizing assumption must be true: the trait must occupy the predicted local

optimum (or the predicted evolutionary stable state, if one is predicted). In contrast

to this, the weak use simply requires establishing that selection influences the trait in

question, and that the optimality model accurately represents this influence. The

trait may very well not occupy a local optimum.

One way to establish the intended use of an optimality model is thus to consider

the ways in which the model is tested. It is telling that the optimizing assumption is

not often subject to test. Population biologists typically do not devote much effort to

establishing whether the observed outcome represents a local optimum—that is,

whether selection has driven the population to an optimum, unimpeded by other

evolutionary factors. Instead, the emphasis is placed on testing the particulars of the

fitness function and on confirming assumptions regarding the heritability of the trait,

the range of possible trait values, the existence of selection, and the constancy of the

environment. The success of these model components is necessary for an optimality

model to represent the role of selection, but this alone does not confirm the

optimizing assumption. More is required to generate support for the strong use of an

optimality model: the perfect correspondence of predicted optimum and observed

trait value(s) is needed to demonstrate that selection is the only important

evolutionary factor. The common tests of optimality models thus only underwrite

what I have termed optimality models’ weak use. Consequently, it appears that

biologists who employ optimality models seldom intend the strong use of these

models.

Seger and Stubblefield point out this connection between testing and the uses to

which optimality models are put. They say,

In fact, the aims of real optimization studies are rarely to see how close a

phenotype is to its optimal state... The hypothesis under test is usually not that

a phenotype is optimal, but instead that the specific assumptions embodied in

the model (e.g., the sources of selection, and the constraints) could account at

least in principle for the evolution of the phenotypes under study. (1996,

pp. 109, 110)

This observation highlights that the strong use of optimality models—establish-

ing whether and the degree to which a phenotypic trait is optimal—is seldom the

aim of the optimality approach. It also raises a distinct point which deserves

mention. The weak use of optimality models upon which I have focused involves

the claim that an optimality model accurately represents the actual selection

dynamics. There is another common use of optimality models that is still weaker:

optimality models are also used to develop and explore adaptive hypotheses at

preliminary stages of investigation, when little is known about the evolutionary

factors at work. Used in this capacity, the aim of optimality modeling is merely to

represent possible selection dynamics, and the standards for success are

188 A. Potochnik

123



correspondingly lower.3 This may be what Seger and Stubblefield have in mind

when they say that optimality models are used to evaluate whether specific

assumptions about selection and constraints, etc., ‘‘could account at least in

principle’’ for the target evolutionary outcome.

Thus, despite the fact that most philosophical discussion of optimality models

presumes the strong use of these models, population biologists often employ

optimality models in weaker capacities. Because the strong use of an optimality

model involves the claim that the model represents all important evolutionary

influences, the frequency of success for the strong use is directly related to the fate

of adaptationism. This is what Orzack and Sober (1994), e.g., have in mind. In

contrast, weaker uses of optimality models are not threatened by critiques of

adaptationism. One prominent example is the weak use upon which I have focused

here. In this weak use, an optimality model is used simply to represent the dynamics

of selection, which may comprise only one part of the evolutionary dynamics.

Lessons from the adaptationist critique

Although weaker uses of optimality models can be decoupled from adaptationism,

critiques of adaptationism certainly do have implications for the optimality

approach. These critiques have forcefully made the point that the ubiquity and

omnipotence of selection cannot be presumed. This and related insights have several

implications for optimality models in the various representational capacities in

which they are employed.

First, it is a familiar point that optimality models should be carefully developed

to incorporate any existing constraints (Maynard Smith 1982). I said above that in

their weak use, optimality models may not incorporate all constraints that

influence the evolutionary outcome. The aim of the weak use is to accurately

represent the dynamics of natural selection, and since constraints are used to stand

in for other parts of the evolutionary story, optimality models can succeed at this

aim even if they fail to reflect all extant constraints. Nonetheless, if an optimality

model neglects constraints that result in trait value(s) radically different from the

predicted optimum, then this model is in some sense a failure. The model

represents the dynamics of selection, but it represents these dynamics as they

would work in quite different circumstances than in fact obtain—namely, in

conjunction with fewer or different non-selective evolutionary factors. Such an

optimality model is of limited interest and would be much improved by the

incorporation of significant constraints.

As a simple example, consider the evolution of kangaroo locomotion. Because

kangaroos travel by a series of leaps, changes that improve their ability to move in

this way are selectively advantaged and will likely evolve. Imagine, though, that

bipedal running is even more advantageous. In contrast to improved leaping ability,

3 The members of Joan Roughgarden’s lab helped me grasp this point. Also, note that the exploration of

possible evolutionary dynamics is consistent with the eventual aim of understanding the actual

evolutionary dynamics.
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it is nonetheless highly unlikely that kangaroos would evolve the ability to run. This

is because initial changes in movement in the transformation to bipedal running

would be significantly maladaptive (Maynard Smith et al. 1985). If bipedal running

is selectively advantaged in a kangaroo population, then an optimality model that

reflects this in some sense accurately represents selection pressures. Yet because

initial changes in the direction of bipedal running are disadvantageous, bipedal

running is highly unlikely to evolve, so a model that represents the selective

advantage of running would be of limited or no interest. This example drives home

the point that optimality models are used to locate local optima. In order for the

information gained from an optimality model to be valuable, the predicted optimum

should be local for the population(s) of interest. This is why an accurate range of

possible trait values is important even for the weak use of optimality models. It also

justifies the requirement that constraints with a tremendous influence on the

outcome be incorporated in optimality models, even in their weak use.

A second consequence of the point that the ubiquity and omnipotence of

selection cannot be presumed is that it must be established whether a trait is subject

to selection in the first place. Gould and Lewontin (1979) catalog several possible

non-selective sources of evolutionary change. These include scenarios in which

natural selection is not a factor at all—such as the founder effect, the fixation of a

less favorable allele due to drift, and the loss of favorable mutations while still rare

in the population. Additionally, selection acting on other, correlated traits might also

drive the evolution of a trait, as happens with pleiotropy and allometry. Even for the

weak use of optimality models that I describe, it must be established that the trait in

question is in fact subject to selective pressures.

As one would expect, though, other implications of critiques of adaptationism are

particular to the strong use of optimality models. Because the strong use of an

optimality model involves the claim that the optimality model represents all

important influences on the outcome, selection must be the only evolutionary factor

that significantly influences the target evolutionary outcome. This has several

implications for the strong use of optimality models. First, because an optimality

model must provide an accurate representation of all of the evolutionary dynamics

(viz., the selection dynamics) to succeed in its strong use, the model’s predicted

local optimum must exactly match observed trait value(s). This requirement was

discussed above: the model must predict the observed distribution of trait values,

and any unpredicted variation must be accounted for (Orzack and Sober 1994, 1996;

Brandon and Rausher 1996). Establishing this exact correspondence is needed to

confirm the model’s optimizing assumption, that is, that the trait occupies the local

optimum.

Each of the other model components also must be carefully tested for the strong

use of an optimality model. As Gould and Lewontin (1979) point out, unmotivated

assumptions can lead to inaccuracies in a model, which can in turn conceal a

disparity between predicted and observed trait values—that is, the failure of

optimality. The only way to ensure that an incorrect representation of the

evolutionary dynamics does not conceal the failure of the optimizing assumption is

to rigorously test the postulated dynamics to ensure their accuracy. Components of

the model that should be tested include, e.g., the details of the fitness function; the
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assumption that there is phenotypic variability for the trait in question; and the

assumption that this variation is heritable.4

An example of using ecological information to test a postulated fitness function is

provided by Parker’s (1970) work on the amount of time the male dung fly

(Scatophaga stercoraria) spends at a cowpat—the species’ mating location—before

moving on to a new one (Maynard Smith 1982). When Parker found that male stay

times are exponentially distributed, he tested rates of females’ arrival to cowpats of

various ages and the average amount of time it takes a male fly to find a new

cowpat. These measurements confirmed that the exponential distribution of male

stay times results in all male dung flies having the same reproductive opportunity. In

other words, the exponential distribution is optimal for each male fly.

Studies of industrial melanism in moths provide a nice example of testing the

assumption that there is heritable variation for a trait, as described by Reznick and

Travis (1996). Trait values in different populations and in the same population at

different points in time can be compared to establish the existence of available

variation. Once this has been established, one way to assess the heritability of this

variation is to determine whether there is a genetic basis for the trait. This can be

accomplished by, e.g., transferring to a common environment samples from

populations that differ in mean values for the trait. If differences persist, this

suggests that the trait has genetic influences (Reznick and Travis 1996).

Lastly, to establish that an optimality model represents all important evolutionary

influences, all of the constraints that are accounted for in the model must be

relatively universal constraints. Recall that optimality models always predict local

optima: the best possible trait values within some range of alternatives. According

to biological parlance, if the range of alternatives is limited only by universal

constraints—broad constraints arising from physical and biological possibility

(Maynard Smith et al. 1985), then these constraints are not taken to constitute non-

selective evolutionary factors. Otherwise, selection could not possibly ever be the

only important evolutionary factor, since all optima are subject to universal

constraints. In contrast, if the range of alternatives is significantly constrained by

features peculiar to the specific population under investigation, or possibly to the

species or higher taxon, then the sources of these constraints are considered to be

important evolutionary factors in their own right.5 These include, e.g., particular

developmental, phylogenetic, and genetic influences on evolution. Because

optimality models do not represent such non-selective influences (see discussion

in the section ‘‘Different uses of optimality models’’), the strong use of an

optimality model is only successful if all significant constraints are universal in

nature.

4 Lloyd (1988) distinguishes between three types of confirmation: fit between predicted and observed

outcome; independent tests of assumptions; and variety of evidence. Testing the components of an

optimality model is an instance of the second type of confirmation. These components should be carefully

tested for the weak use of an optimality model as well, for this assures that the optimality model

accurately represents the selection dynamics. Yet the strong use of an optimality model creates a further

reason to test the model’s components, for undetected inaccuracies can conceal the failure of optimality,

which undermines the success of the strong use.
5 See, for example, Maynard Smith et al.’s (1985) discussion of developmental constraints.
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Rigorously testing each component of an optimality model, including the

optimizing assumption, and considering the sources of constraints built into the

model are all necessary to protect the strong use of optimality models from the

criticisms of the optimality approach that have arisen from concerns regarding

adaptationism. First, carefully testing the components of an optimality model and

the optimizing assumption blocks Gould and Lewontin’s (1979) charge that the

optimality approach is merely an exercise in ingenuity, where optimality is assumed

and imaginative stories are cooked up to support this assumption. Second,

accounting only for universal constraints in the model ensures that the model

represents all important evolutionary factors, namely natural selection. For this to be

true, constraints built into the model must not covertly introduce place-holders for

significant non-selective influences, such as developmental or genetic constraints.

The breadth of success enjoyed by the strong use of optimality models is thus

limited by the degree to which adaptationism is true, where adaptationism is taken

to be the claim that selection is the only important influence on most evolutionary

outcomes. This conception of adaptationism is like Orzack and Sober’s (1994)

definition of strong adaptationism and Godfrey-Smith’s (2001) definition of

empirical adaptationism.6 This is as it should be. The strong use of an optimality

model involves the claim that the model’s representation of selection dynamics

provides an accurate picture of the important influences on the evolutionary

outcome in question. The breadth of success enjoyed by the strong use thus depends

upon how often selection is the only important evolutionary influence. This

articulation of the strong use of optimality models preserves the tight relationship

between optimality models and adaptationism that is assumed in most philosophical

discussions of the optimality approach, and that is directly proposed by Orzack and

Sober (1994).

However, this tight relationship does not hold for weaker uses of optimality

models. As discussed in the section ‘‘Different uses of optimality models’’, an

optimality model may succeed in what I term its weak use, regardless of whether

natural selection is the only important evolutionary factor. The debate over

adaptationism is relevant to this weak use of optimality models only via the

methodological points that optimality models should reflect significant constraints

and that the influence and dynamics of selection must be carefully evaluated. An

implication of this separation between the weak use of optimality models and the

debate over adaptationism is that the successful employment of an optimality model

in its weak use does not provide evidence in favor of adaptationism. If the weak use

of optimality models enjoys widespread success, then this demonstrates only that

selection is often one evolutionary factor, potentially among many. This is not

enough to generate support for adaptationism, as it is understood here.

Orzack and Sober (1994) offer the most systematic discussion of evaluating the

importance of selection. They distinguish three claims that might be made about the

role of selection:

6 Other distinct conceptions of adaptationism have been formulated; see Godfrey-Smith (2001) and

Lewens (2008). I do not discuss these alternate conceptions, except the brief comment in footnote 7.
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(U) Natural selection played some role in the evolution of T.

(I) Natural selection was an important cause of the evolution of T.

(O) Natural selection is a sufficient explanation of the evolution of T, and T is

locally optimal (1994, p. 362).

Adaptationism is the claim that (O) is true for most nonmolecular traits. If the

strong use of optimality models enjoys wide success, according to the standards of

success articulated by Orzack and Sober and discussed here, then this would

vindicate adaptationism. In contrast, the success of an optimality model in its weak

use ensures only that selection dynamics played some role in the evolution of the

trait. The broad success of the weak use of optimality models thus underwrites only

the claim that (U) is true for many traits, which falls short of adaptationism.

Distinguishing between the weak and strong uses of optimality models thus

clarifies the relationship between the optimality approach and adaptationism. Most

biologists accede that concerns over adaptationism warrant certain methodological

correctives (e.g., Maynard Smith 1982, p. 5). This basic point applies to the weaker

uses of optimality models, as well as to the strong use. The further ideas that the

justification for optimality modeling is adaptationism and that optimality models can

be used to generate support for adaptationism (Orzack and Sober 1994) apply only to

the strong use of optimality models, wherein an optimality model is purported to

represent the only important evolutionary factor, viz. natural selection. The

legitimacy and usefulness of weaker uses of optimality models thus are not

threatened by the fate of adaptationism, whatever that fate may be. The optimality

approach can be used to represent the dynamics of selection without placing any bets

on the relative importance of selection compared to other, non-selective evolutionary

factors such as genetic drift and developmental, phylogenetic and genetic constraints.

Weak, not powerless

At the start of this paper, I claimed that optimality modeling could be decoupled

from adaptationism. Up to this point, I have argued that only the strong use of

optimality models requires a commitment to adaptationism for its justification, and

that population biologists often intend weaker uses for the optimality models they

construct. Nonetheless, one might be concerned that the optimality approach is of

little importance to population biology when it is prised apart from the issue of

adaptationism. Biologists may often intend or seem to intend weaker uses of

optimality models, but perhaps they are mistaken in doing so, or perhaps I am

mistaken in representing their intentions in this way. In the weak use I have focused

on, optimality models are used to represent selection dynamics but not to establish

that selection is the only important evolutionary factor. But because optimality

models do not represent non-selective evolutionary factors, it seems that the role of

an optimality model in its weak use is simply to represent a single evolutionary

factor—selection—which may be of quite limited significance. Of what interest are

optimality models decoupled from adaptationism, if they have such a narrowly

defined role?

Optimality modeling in a suboptimal world 193

123



It would be mistaken to think that the optimality approach is by itself a sufficient

approach to modeling evolutionary change. The possibility of non-selective

evolutionary factors—developmental, phylogenetic and genetic constraints; drift;

etc.—must be considered, even if the consideration of these factors leads them to be

eliminated as possibilities. Because the potential of non-selective factors warrants

investigation, the optimality approach is not by itself a sufficient approach to

modeling evolutionary change.7 This is so at least when non-selective factors are

suspected to have shaped the outcome. The optimality approach is simply one useful

approach among others—but it is useful nonetheless. When selection influences an

evolutionary outcome, the nature of this influence bears investigation. Criticisms of

adaptationism notwithstanding, selection is a significant factor in the evolution of

many traits that receive attention from biologists. The optimality approach provides

a tractable way to model the dynamics of selection. Optimality models represent the

nature of selection’s influence, and they are tractable in virtue of their neglect of

non-selective factors like drift and the details of genetic transmission.

Indeed, optimality models can be useful even when non-selective evolutionary

factors cause observed trait values to vary significantly from predicted values. The

failure or quite limited success of a carefully constructed optimality model itself has

information to offer about the evolutionary scenario at hand, for this suggests that

additional, non-selective factors are unaccounted for (Seger and Stubblefield 1996;

Godfrey-Smith 2001). If a well-confirmed fitness function indicates that natural

selection would result in the population having a particular trait value, and yet the

measured trait value differs markedly from this predicted value, one has reason to

wonder what is responsible for the discrepancy. A pluralist perspective regarding

evolutionary change allows for many possible causes of deviation from the

predicted optimum. The environment might have recently undergone a change

relevant to the trait’s fitness; some genetic, developmental or phylogenetic

constraint may exist; the trait may be subject to an unexpected fitness tradeoff;

drift may have significantly affected the outcome; etc. The failure of an optimality

model’s prediction leads one to investigate such possibilities and may suggest likely

influences. This facilitates insight into the influence of non-selective factors on the

target evolutionary outcome.

There is another, related way in which the failure or limited success of an

optimality model can provide insight into evolution. The comparison between the

actual result of evolution and the theoretical result of natural selection acting alone

can itself be of interest, even apart from leading to an improved recognition of non-

selective evolutionary factors. Orzack and Sober (1994) suggest something along

these lines. They think that optimality models are important even when they fail,

since ‘‘[a] fundamental contribution of such models is that they describe what

organisms should do in particular instances’’ (1994, p. 378). Optimality models detail

what the result would be if natural selection had been responsible for the evolution of

7 An anonymous referee has pointed out that an appreciation for the weaker uses of optimality models

might be used to argue for methodological adaptationism—that the best approach to studying biological

systems is to look for adaptations (Godfrey-Smith 2001). I agree that this is possible, but it is not a road I

would take. As this discussion indicates, I think a myopic focus on adaptations is misguided; non-

selective influences on evolution warrant investigation in their own right.
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the trait in question. A comparison between this and the actual result of evolution

yields insight into the role of selection in that particular instance of evolution.

These ideas are illustrated by Orzack’s (1986) analysis of an optimality model for

the sex ratio of Nasonia vitripennis, a parasitic wasp. The optimality model,

developed by Werren (1980), predicts that the optimal sex ratio varies according to

population structure. When the population is subdivided so that siblings compete for

mates, the sex ratio will be female-biased, whereas wide dispersal before breeding

creates the opportunity for outcrossing, and sex ratios will be much more equitable

(Hamilton 1967; Werren 1980). For the wasp N. vitripennis, these two scenarios are

respectively realized (a) when a female visits a host that has not been previously

parasitized, and (b) when eggs are laid in a host already containing a wasp brood.

The optimality model thus predicts that the proportion of males in the second brood

in a host should directly correlate with the existence and size of the first brood. A

large first brood provides the opportunity for the second brood to outbreed, whereas

a small or nonexistent first brood results in a second brood that will largely inbreed.

However, Orzack (1986) finds that these predictions fit the data poorly. Sex ratios

in previously parasitized hosts differ significantly from the predicted ratio, and the

observed sex ratios also vary significantly. Figure 1 plots some of Orzack’s data

against the curve predicted by the optimality model. Orzack proposes a ‘‘nonoptimal

model’’ that would account for this variability. According to this model, a female

visiting a host can potentially detect a pheromonal signal left by an earlier egg-

laying female. When a female detects this signal, the sex ratio of her eggs is altered

to increase proportion of males, but this is not accomplished with great precision.

Some variation in sex ratio is thus introduced. Further, if the first brood in the host is

small, then the pheromonal signal will be reduced. The second female visiting is

less able to detect the signal, and the sex ratio of her eggs remains female-biased.

Orzack suspects that this accounts for how sex-ratio control in N. vitripennis fails to

conform to the pattern expected on the basis of the optimality approach. Of course,

evidence must be gathered in order for the nonoptimal model to be confirmed.

Despite the failure of the optimality model for the wasps’ sex ratio, Orzack

emphasizes the importance of developing the model:

I believe that the local mate competition model of Hamilton (1967) gives

insight into the potential direction of sex-ratio evolution and into possible

selection pressures on sex-ratio modification in response to inbreeding and to

variation in population structure. (1986, p. 355)

Orzack proceeds to cite the patterns in his data that do not conform to Hamilton’s

insights and points out that these patterns may conflict with the optimality model of

sex-ratio evolution, and that they must be accounted for by a successful theory of

sex ratio in the wasp under study.

This work exemplifies the ways in which a well-motivated optimality model can

be valuable, even when the model’s predictions are not born out. The optimality

model of N. vitripennis’s sex ratio offers insight into the selection pressures

involved, and it directs attention toward the patterns that do not conform to

expectations. These contributions—insight into the selection dynamics and focusing

attention toward non-selective factors—are made by optimality models in their
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weak use of representing the role of selection. This is true when the predicted and

observed trait values differ widely from each other, as well as when there is closer

correspondence to the model’s predictions.

The strong use of optimality models, where a model is taken to represent all

important evolutionary factors, is thus not the only important role that optimality

models play. In this paper I focus on one prominent weaker use of optimality

models, where an optimality model is simply used to represent the role of selection

in bringing about an evolutionary outcome, without the claim that this is the only

important influence on the outcome. This weak use is common in population

biology, and for good reason: it offers a tractable way to gain insight into the

dynamics of selection and the evolutionary role played by these dynamics. Other

weaker uses of optimality models are also valuable, including using optimality

models to initially explore the plausibility of adaptive hypotheses. This use is

especially valuable when little is known about the population under investigation.

Because such weaker uses of optimality models do not involve claims about the

relative importance of selection, the optimality approach is able to remain a well-

founded and important tool of population biology, regardless of the fate of

adaptationism.

Fig. 1 Orzack’s (1986) comparison between the sex-ratio curve predicted by Werren’s (1980) optimality
model and the sex ratios found for different ratios of second-brood size to first-brood size. This figure
compiles the data from several experiments on two strains of Nasonia vitripennis, the Ithaca wildtype and
scarlet eye strains
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Optimality Modeling and Explanatory
Generality

Angela Potochnik†‡

The optimality approach to modeling natural selection has been criticized by many
biologists and philosophers of biology. For instance, Lewontin (1979) argues that the
optimality approach is a shortcut that will be replaced by models incorporating genetic
information, if and when such models become available. In contrast, I think that
optimality models have a permanent role in evolutionary study. I base my argument
for this claim on what I think it takes to best explain an event. In certain contexts,
optimality and game-theoretic models best explain some central types of evolutionary
phenomena.

1. Introduction. The optimality approach offers a way to model natural
selection purely phenotypically, without directly representing the system
of genetic transmission. This approach includes both optimality models
and game-theoretic models, which are used when trait fitnesses are fre-
quency-dependent. One determines the range of possible values for some
phenotype and the fitness function relating these phenotypes to the en-
vironment. Based on this information, the model predicts which pheno-
typic value(s) will predominate in the population, given enough time in
that environment. Modeling long-term evolutionary change in this manner
results in information regarding the effect of the selection pressure(s) at
work and any constraints arising from, for example, the process of genetic
transmission or development.

Various concerns about the reliability and long-term value of optimality
modeling have been raised by population biologists and philosophers of
biology. One thought is that, though optimality models are a helpful
substitution when genetic information is unavailable, they should even-
tually be replaced by models that explicitly incorporate genetic infor-

†To contact the author, please write to: Department of Philosophy, Stanford University,
Stanford, CA 94305-2155; e-mail: potochnik@stanford.edu.

‡Thanks to Michael Friedman, Helen Longino, Michael Weisberg, and especially Elliott
Sober for comments on earlier drafts of this paper.
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mation. Lewontin (1979) articulates such a view. He takes optimality
modeling to be a shortcut approach that does not truly capture the dy-
namics of evolutionary change. In his view, a truly dynamical theory of
evolution will “predict the evolutionary trajectory of the community . . .
on a purely mechanical basis” (1979, 6). This requires the incorporation
of genetic dynamics into models of natural selection. Lewontin thus thinks
that, if and when it is possible, the optimality approach should be replaced
by models that explicitly represent the dynamics of genetic transmission.

In contrast to this position, I here develop a case for employing op-
timality models on a long-term basis, regardless of the availability of
genetic information. It is true that phenotypic models shortcut the genetic
dynamics crucial to evolutionary change. However, optimality models
capture other important aspects of the dynamics of evolutionary change.
In particular, these models represent the fitness-conferring interactions
between organisms and their environment. Because of this, and because
of features of scientific explanation for which I will argue below, I think
that in some important contexts, optimality models best explain certain
evolutionary phenomena.1 In my view, the long-term importance of the
optimality approach is assured by its role in evolutionary explanation.

2. Generality, Complexity, and Explanation. Advocates of the causal ac-
count of explanation argue that causal factors leading to an event comprise
the explanation of that event. From this, the question arises: which of
the causal factors leading to an event should be included in an explanation
of that event? Simply claiming that explanation is causal does nothing to
sort out which parts of a welter of causal detail should be included in an
explanation. Even if all causal factors are potentially of explanatory rel-
evance, there is the issue of which of these factors should, ideally, be
included in an explanation of the event. Here I sketch an answer this
question.

One possibility is that an explanation should be maximally inclusive of
causal factors leading to the event to be explained. The idea behind this
is that a causal explanation stands only to benefit from the inclusion of

1. The issue at stake is not whether optimality and game-theoretic models yield accurate
predictions. I instead ask whether (sufficiently accurate) phenotypic models offer ex-
planations that, in some cases, are better than other types of explanations, including
those offered by (sufficiently accurate) models incorporating genetic information. See
Sober (2003) on the distinction between the questions of truth and explanatory worth.
Relatedly, my argument is not one of abductive inference, or inference to the best
explanation. I presume throughout this paper that the candidate explanations are all
taken to be true. The question is not which model we should believe is accurate of the
phenomenon to be explained, but which (accurate) model best explains the phenom-
enon.
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additional information about the causes of the event to be explained.
Simply string all available causal information together, and the result is
the best explanation that is currently possible. Yet I do not think that the
strategy of maximal inclusion leads to the best explanations. This is most
clear when explaining events that result from highly complex causal pro-
cesses.

Many events result from the combination and interaction of a large
number of causal factors. For such events, there are many factors that
influence the event to be explained. Cumulative evolutionary change is
exemplary of such a complex causal process. Consider, for instance, the
fixation of some physical trait in a population, due to evolution by natural
selection. For such a case, causal factors include aspects of the popula-
tion’s genotypes, of its environment, and of the developmental processes
leading from genotype to phenotype. Additional factors include popu-
lation size, amount of inbreeding and migration; the list goes on. The
strategy of maximal inclusion is not effective for such complex causal
processes, for it would result in exceedingly involved explanations. Even
when constructing such an elaborate explanation is even possible, we
seldom or ever explain this way. Instead, some subset of the multitude of
causal factors is focused upon, circumscribed temporally and often in
other ways as well.

If the principle of maximal inclusion is wrong, then explanations should
instead feature some subset of the causal factors leading to the event to
be explained. This is so at least for events that result from a complex
causal process, such as evolution. In my view, this is a natural result. No
explanation can trace back the causal chain indefinitely; maximal inclusion
is in this sense unobtainable. Aiming to include only some subset of the
causal factors places a limit on the cognitive load produced by ideal
explanations. This accords well with actual scientific practice. It respects
the division of labor that exists among distinct fields and subfields of
science. A population with a particular physical trait—my example here—
may be studied variously by developmental theorists, evolutionary ecol-
ogists, and population geneticists. Each focuses upon a different subset
of the causes that influence the outcome.

If I am correct that the best explanation of an event is comprised of a
subset of causal factors, then the question arises: What rules determine
which causal factors should be included in the explanation and which
should be neglected?2 In my view, the best explanation of an event E is
a model that

2. Strevens (2004) answers this question by developing a restrictive notion of difference
making that eliminates from an explanation much of the causal network leading to
the event to be explained. However, I do not think Strevens’s account sufficiently
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1. represents the causes of E that figure into the causal relationship of
interest in the particular context of inquiry at hand;

2. satisfies the criteria of explanatory adequacy; and
3. is maximally general within these constraints.

The first and second conditions determine what information should be
included in the best explanation of an event. The third condition decides
what information should be neglected by an explanation.3

I have argued that maximal inclusion of causal factors does not result
in the best explanations. The alternative of citing only a subset of causes
creates a tricky situation, though. This results in the systematic neglect
of some causes of an event from that event’s explanation. The reason that
such neglect is not problematic, in my view, is that which causes should
be included in an explanation varies, even for a single explanandum. The
context of inquiry is determined by the interests of those seeking the ex-
planation. Different research programs approach an explanatory problem
from different angles. These interests help to determine which causes must
be included in the best explanation of the event in question. Those parts
of the causal process picked out by the applicable research interests are
the causal factors that an explanation must include, in that context of
inquiry.

As an example, consider explaining why most or all members of a
population have some particular phenotype. Approaching the question
with a research interest in development and with an interest in evolution
result in two different explanatory strategies, familiar from discussions of
evolutionary explanation. These regard the proximate and ultimate (or
distal) causes of the trait, respectively (Mayr 1961). In my view, these
distinct explanatory strategies, each focusing on a different subset of
causal factors, exist because the explanations are formulated in two dif-
ferent contexts of inquiry. A developmental biologist is primarily inter-
ested in the causal relationships involved in development. A population
biologist, in contrast, is primarily interested in the causes and effects of
selection and transmission. Such distinct research foci result in distinct
explanatory strategies.

The role of the context of inquiry in determining what causes should
be included in an explanation yields the first condition that must be met

restricts the factors cited in an explanation. Maximal inclusion of just Strevens’s dif-
ference makers faces the same problems discussed above.

3. This formulation assumes that explanations are provided by models. Such a for-
mulation is adequate for my present purposes, for I aim to establish the explanatory
importance of a type of population biology model. However, I am not committed to
the idea that only models explain events.
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by a fully satisfactory, ‘best’ explanation. This is the requirement that an
explanation represent the causes of the event to be explained that figure
into the causal relationship of particular interest in the context of inquiry
at hand. The second condition limits the degree to which the context of
inquiry can shape the explanation. The best explanation of an event must
meet what I term the criteria of explanatory adequacy.

Imagine that research interests steer one toward a set of causes that
would not have led to the event to be explained, had they not occurred
in conjunction with certain other factors. The best explanation of an event
must, it seems, cite some set of factors that actually does account for the
occurrence of the event. The failure of a candidate explanation to do so
suggests that it cannot be the best explanation of that event. For instance,
an evolutionary ecologist may focus upon the influence of natural selection
on some physical trait in a population. Yet, if selection would have resulted
in the members of the population having trait , but because of a lackP1

of genetic variability they instead have trait , then information aboutP2

the selection pressure cannot by itself fully explain the population having
trait .P2

Such concerns lead to my criteria of explanatory adequacy. These set
the standard of what can qualify as a fully adequate explanation, re-
gardless of the context of inquiry. The two criteria are:

1. Pr(EFC ) ≈ Pr(EFC )expl

2. for all .Pr(EFC ≈ Pr(EF(C ∧ C ) Cexpl expl k k

is the set of causes cited in the candidate explanation of event E. CCexpl

is the broader set of all causal factors that influence E. represents eachCk

event that is a causal influence on E. For this second criterion, these Ck

should be considered both singularly and in combination. These two cri-
teria amount to the idea that, to be fully adequate, an explanation of an
event E must more or less screen off E from all additional causal factors.
For complex causal processes, there potentially will be many subsets of
causal factors that satisfy these criteria, thereby meeting the second con-
dition for a best explanation.

I take these criteria of explanatory adequacy to be rather intuitive. A
fully satisfactory explanation should not omit any causal information that,
if included, would drastically change the expected probability of the event
to be explained. There is the sense that an explanation is not entirely
satisfactory if it wholly neglects a causal factor that makes the event to
be explained much more probable—or, for that matter, much less prob-
able. For this reason, for example, a developmental explanation for the
commonality of a phenotypic trait in the population of interest must,
besides facts of development, give at least a minimal amount of genetic
information. The explanation must at least cite the genetic composition
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of the population. Without information about the proportion of the pop-
ulation with the genotype(s) that cause the organism to develop the phe-
notypic trait in question, the frequency of the trait cannot be predicted
from developmental information.

The third and final condition to be satisfied by best explanations regards
not what should be included in an explanation, but what should be ne-
glected. The best explanation of an event is the most general explanation
that satisfies the first two conditions. The notion of generality that I have
in mind here is similar to Strevens’s, according to which the generality
of a model is “proportional to the standard measure (in the mathematical
sense) of the set of possible physical systems satisfying the model” (2004,
26). I prefer this formulation in terms of the possible—rather than ac-
tual—systems satisfying a model, for this correlates the generality of a
model with the amount of causal detail it incorporates (Strevens 2004).

The causal factors that should be included in an explanation are de-
termined by what sort of causal relationship is of particular interest and
by the criteria of explanatory adequacy. It is best for an explanation to
avoid citing information beyond what these considerations require. Avoid-
ing all information extraneous to the causal relationship of interest and
not required for explanatory adequacy makes as perspicuous as possible
the causal relationship of interest in the context at hand. It is this rela-
tionship that best explains, in the given context of inquiry. Maximizing
generality in this way results in an explanation that is applicable to the
largest set of possible systems that manifest the causal relationship of
interest.

Arguments for the explanatory worth of generality are familiar from
advocates of high level explanation (Putnam 1975; Garfinkel 1981), as
well as from Strevens’s (2004) causal account of explanation. Arguments
against the idea that generality is advantageous to an explanation have
focused on the idea that explanations sometimes benefit from greater
specificity and a corresponding loss of generality (Jackson and Pettit 1992;
Sober 1999). Yet the role of generality in the present account is not sus-
ceptible to this criticism. This is due to the central role of context in
determining the preferable explanation. My claim is not that a certain,
most general explanation always best explains an event. Instead, the degree
and type of an explanation’s allowable generality varies, depending upon
the causal relationship that is of interest in the particular context of inquiry
at hand.

The conditions I have outlined favor explanations that focus only on
what I will call a modular part of the causal process that led to the event
to be explained. I have argued that fully satisfactory explanations should
give information about a causal relationship that is determined by the
interests of the explanation seekers. Such causal relationships potentially
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recur in multiple systems that may differ from one another in other re-
gards. The causes involved are integrated in such a way that they bear
this causal relationship to one another and, thus, together figure into
some causal generalization. This is why it is apt to think of such causal
relationships as modular parts of the causal processes in which they occur.

Any complex causal process includes potentially many modular parts.
This is because many distinct causal relationships are involved in the
causal process, relationships that figure into distinct causal generaliza-
tions. For this reason, the context of inquiry is crucial to establishing the
nature of the best explanation of an event that results from a complex
causal process. The research interests that establish the context of inquiry
focus attention on a particular causal relationship. This determines the
modular part of the causal process that best explains the event in question,
in the context at hand.

3. Explaining Phenotypic Traits. My argument that the optimality ap-
proach has a permanent role to play in evolutionary study proceeds from
the account of best explanations developed in the previous section. Some
evolutionary phenomena are, in certain important contexts of inquiry,
best explained by optimality models. The phenomena that optimality and
game-theoretic models can best explain are the phenotypic outcomes of
long-term evolution by natural selection, provided such a model is ap-
plicable. Optimality explanations qualify as the best explanations of these
sorts of events only in contexts of inquiry that favor the inclusion of
purely phenotypic information. Such contexts arise when researchers seek
to understand the organism-environment interactions and resulting selec-
tion pressures that led to the observed phenotype(s).

In certain circumstances, optimality models meet the conditions for
best explanations that I set out above. The first condition is that the
explanation must represent the causes that figure into the causal rela-
tionship of interest in the relevant context of inquiry. The contexts of
inquiry in which optimality models best explain phenotypic evolutionary
outcomes are those in which the ecological influences on the course of
selection are of particular interest. Such contexts focus attention on the
causal relationship obtaining between (a) natural selection acting on a
certain phenotypic trait, and (b) the value(s) of this trait present in the
population. It is, of course, this very causal relationship that optimality
models represent. The fitness function—and, for game-theoretic models,
the initial distribution of trait values—is used to predict what trait value(s)
will prevail in the population, given the range of possible trait values and
any constraints.

The sort of causal relationship represented by optimality models figures
into a particular kind of causal generalization. Fitness-conferring inter-
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actions between organism and environment have predictable consequences
for the evolution of a population, in certain conditions. Eshel et al. (1998)
and Eshel and Feldman (2001) demonstrate that, provided that the se-
lection regime acting on a phenotypic trait remains constant, “the theory
of long-term evolution predicts convergence to either an optimum or an
ESS (evolutionarily stable strategy) regardless of the genetic system”
(Eshel and Feldman 2001, 186). So long as the selection pressure is con-
stant for a period of time sufficient for the introduction of a large number
of mutations, the predictions of an optimality model can be expected to
obtain. This is not so in instances of short-term evolution or when there
is environmental change which affects fitness values. In these latter cases,
optimality and game-theoretic models will not predictably apply.

This work supports the idea that the causal relationship picked out by
an optimality model figures into a certain kind of causal generalization—
that is, the relationship is predictable, given the satisfaction of certain
assumptions. The information supplied by an optimality model thus qual-
ifies as a modular part of the evolutionary process, in the sense established
above. For the long-term evolutionary change of a population in a con-
stant environment, one can predict the phenotypic trait value(s) in the
population based on information regarding how natural selection acts on
the trait in question. I suggested at the beginning of this section that
instances of this sort of evolutionary change are the proper explananda
for optimality models. Optimality models represent a causal relationship
of particular interest in the given context of inquiry, and this causal re-
lationship figures into a causal generalization applicable to other popu-
lations, populations that might differ in the features that optimality mod-
els neglect.

The second condition outlined above is that a fully satisfactory expla-
nation should meet the criteria of explanatory adequacy. Optimality and
game-theoretic models are typically deterministic models. Thus, when an
optimality model issues an accurate prediction regarding the event to be
explained, then it will satisfy the first criterion of explanatory adequacy.
The second criterion is a bit trickier. Sometimes, even an optimality model
that correctly represents the selection dynamics and issues an accurate
prediction may fail to satisfy this criterion. Yet there are plenty of instances
in which the second criterion is met. Indeed, the customary assumptions
of optimality models succeed for the most part for the same reason that
this condition is met. For instance, the assumption that a particular set
of phenotypes is available typically succeeds when any unrepresented con-
straints do not significantly affect the expected outcome.

Finally, optimality models also meet the third condition outlined above.
That is, optimality models are maximally general explanations of the
designated evolutionary phenomena, in the designated contexts of inquiry,
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within the limits created by meeting the first two conditions. It is this
feature of optimality explanations that differentiates them from competing
explanations that also incorporate genetic information. Such models are
less general than optimality models and thus do not meet this third con-
dition for the explananda and the contexts of inquiry that are my present
focus.

When the focus is on selection as a cause of phenotypic evolutionary
change, certain phenotypic outcomes of long-term evolution by natural
selection are best explained by optimality models. An optimality model
focuses on a particular modular part of the causal process leading to the
observed phenotype. In so doing, it shows how the phenomenon to be
explained fits into a pattern of phenotypic evolutionary change. The ge-
netic causes of a single phenotype may vary, so too might the develop-
mental pathways leading from genotype to phenotype. These are varia-
tions in the causal process by which the phenomenon is brought about.
Yet, regardless of such variability, certain effects can be expected on the
basis of the applicable optimality model (if one in fact is applicable).

As Brown says of game-theoretic models in particular,

Evolutionary game theory offers an exciting perspective on evolution
by natural selection and its consequences. It differs from and com-
plements genetical approaches to evolution by natural selection, in
that game theory places no special value on genetic constraints rel-
ative to the other biophysical constraints that determine the size,
dimension, and character of the strategy set. (Brown 2001, 154)

This holds of optimality models in general. Such models capture how
natural selection works on the available variation in the long-term to
produce certain phenotypic results. The instances of evolution to which
a particular optimality model applies have these results in common, de-
spite potential differences in, for example, details of genetic transmission,
population size, etc. When the action of selection on phenotypes is of
primary interest, optimality models best capture the relevant causal gen-
eralizations.

Incorporating genetic information into models does not add to these
sorts of explanations, but would actually detract from them. An optimality
model highlights a modular part of the causal process that grounds certain
phenotypic generalizations. Incorporating information about other parts
of the causal process can only obfuscate the relationship between the
instance to be explained and other, relevantly similar instances. For this
reason, I disagree with Lewontin’s (1979) assessment that the optimality
approach should be replaced by models explicitly incorporating genetic
dynamics whenever possible. Optimality models will, I submit, always
have an explanatory role to which they are best suited.
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This is, of course, not to say that optimality models are always the best
explanations for evolutionary change. In different contexts of inquiry or
with different explananda, other kinds of information become explana-
torily relevant, for example, genetic or developmental information. Re-
latedly, my point should not be confused with the idea that phenotypic
models are more general than genetic or synthetic genetic-phenotypic
models, and thus better explanations. The context-sensitivity of expla-
nation is an important feature of my view. Genetic models offer their own
sort of generality, and I have no doubt they best explain certain phenom-
ena, in certain contexts of inquiry. Models that bring together genetic and
ecological information probably also best explain certain events in some
contexts of inquiry. Each of these approaches—the purely phenotypic, the
purely genetic, and the synthesis of the two—facilitates its own sort of
evolutionarily valuable causal generalizations.

A good example of an optimality explanation is provided by work done
on the latitudinal variation in the clutch size of birds (Ashmole 1963).
According to The Birder’s Handbook (Ehrlich et al. 1988),

Ornithologist N. P. Ashmole has offered an explanation of [. . .] the
increase in the number of eggs per set from equator to pole. Such
“latitudinal variation” in clutch size is related to the amount of food
produced per unit area of habitat. More specifically, clutch size is
positively related to resource abundance during the breeding season
relative to the density of bird populations (abundance per unit area)
at that time. If, when the birds are not breeding, their population
sizes are limited by food shortages, then population density would
be low at egg-laying time. And if resources increase only slightly
during the breeding season, then natural selection would not favor
large clutches, since food for the hatchlings would be limited. But if
the increase in food were large during the breeding season, then,
everything else being equal, raising a large brood should be possible.
Thus the largest clutches should be found in high latitudes, where
there is an enormous increase in productivity in the spring and sum-
mer (as anyone who has braved northern mosquitoes knows only
too well), and the smallest clutch sizes might be expected in nonsea-
sonal tropical rain forests, where productivity is rather uniform
throughout the year.

In order to explain the latitudinal variation in clutch size observed in
many species of birds, this passage cites information about why this lat-
itudinal difference is advantageous to birds. In high latitudes, there is a
great difference between the resources available in winter and in summer.
This has two results: bird populations dwindle during the winter, and
there are prolific sources of food for birds in the summer. This means
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that hatchlings have access to many resources, and there is a relatively
small amount of competition for these resources. It is thus in birds’ best
evolutionary interest to have large clutches, for it is likely that the en-
vironment will be able to support many hatchlings.

The background for this explanation is the idea that natural selection
favors whatever clutch size will produce the most surviving young, re-
gardless of other features which may vary between individuals, popula-
tions, and species of birds. This is, then, an optimality explanation for
this feature of average clutch size in birds.4 The fact that natural selection
favors a higher number of offspring when the fluctuation between resource
abundance and shortage is largest leads to the observed latitudinal cline
in clutch size.

The causal relationship between selection pressures from fluctuation in
resource abundance and the resultant average clutch size is captured by
an optimality model. In any particular instance of a phenotype becoming
common in a population of birds according to this pattern, much of the
causal process does not appear in the optimality explanation. Perhaps
genotypes causally related to certain clutch sizes are selectively advan-
taged. Perhaps a sort of phenotypic plasticity is instead selected for. De-
velopmental pathways of one sort or another are involved. In various
other contexts, these pieces of the causal process will each deserve their
own focus. But the optimality explanation focuses on one modular part
of the complex causal process, the modular part that figures into a causal
generalization about fluctuation in resource abundance and clutch size.
This generalization is made most perspicuous and is recognized as most
widely applicable when the explanation is kept as general as possible. The
explanation thus rightly neglects other information, for example, about
genetics and development.

In my view, then, the optimality approach has a long-term role assured
in evolutionary study. When plenty of data and computing power are
available, incorporating genetic information may very well lead to better
predictions of evolutionary change. But this does not threaten the ex-
planatory role of the optimality approach. When explaining long-term
phenotypic evolution by natural selection with a particular interest in the
fitness effects of organism-environment interactions, optimality explana-
tion is often a successful approach. Certain questions are simply best
answered by optimality models.

4. As such, it is applicable only when the assumptions of an optimality model are
satisfied. The passage quoted here errs on the side of making the assumption of op-
timality appear universal. This is problematic, given the well-established concerns with
strong forms of adaptationism.
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1. Bauhaus and Vienna Circle: historical connections

1.1. The Dessau Bauhaus

On April 1, 1925, Walter Gropius’s Bauhaus school was turned out of Weimar, and it
was reopened that autumn in Dessau. Negotiations between the school and the Weimar
government had failed, and the government of Dessau promised the Bauhaus an entire
group of school buildings which Gropius himself would be able to design. It was in Des-
sau, then, during the last half of the 1920s, that the Bauhaus took a particular intellectual
turn, one reflective of a general trend in architecture at the time. Indeed, Galison points
out that one of the factors influencing this change was the Dutch De Stijl group, which
found the Weimar Bauhaus overly decorative and individualistic (Galison, 1990, p. 715;
Willett, 1978, p. 81).

Another precipitator of this turn must have been the industrial environment in Dessau
itself. Even before the move to Dessau, the Bauhaus had been associated with large scale
housing projects and, in particular, with mass accommodation for workers. But Dessau
was principally an industrial city, and the strong technological influence due to its large
manufacturing plants and factories must have been palpable. The new school buildings
designed for the Bauhaus reflected this influence. The school was grouped in several asym-
metrical blocks, with glass-curtained workshops and teachers’ houses equipped with new
domestic devices to increase efficiency. Such design ideals fell under the new Bauhaus con-
cept of ‘Art and Technology - a new unity’ (Willett, 1978, pp.118–119). A few years after
the school’s move to Dessau, Gropius was involved in the design and construction of a
large estate just south of the city. Even the process of building this complex of houses
reflected careful, rational planning, as well as the use of technological advances, such as
the on-site preparation of breezeblocks and concrete beams.

We can see these values expressed by Gropius in a sheet entitled ‘Dessau Bauhaus—
principles of Bauhaus production’, published in 1926:
Only by constant contact with advanced technology, with the diversity of new mate-
rials and with new methods of construction, is the creative individual able to bring
objects into a vital relationship with the past, and to develop from that a new atti-
tude to design, namely:
Determined acceptance of the living environment of vehicles and machines.
Organic design of objects in terms of their own laws and determined by their contem-
poraneity, without Romantic beautification and whimsy.
Exclusive use of primary forms and colours comprehensible to everyone.
Simplicity in multiplicity, economical use of space, material, time, and money.
The creation of standard types for all objects in daily use is a social necessity.
For most people the necessities of life are the same. The home, its furnishings, and
equipment are required by everybody, and their design is more a matter of reason
than of passion. (Reproduced in Whitford, 1984, p. 206)
This outlook led to the decision that every house on the estate would be virtually identi-
cal. Since the only purpose of a house is to meet the living requirements of its inhabitants,
and most individuals have similar living requirements, there is no need to emphasize indi-
viduality in the construction of houses. For the houses of individuals whose requirements
are the same ought also to be the same. One could look at building as a way of facilitating
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the organization of modern life: houses need to fulfill certain requirements, workplaces
other requirements. These buildings do not need any embellishments which do not serve bet-
ter to ensure the fulfillment of those requirements (Gropius & Schultze-Naumberg, 1994).

In 1928, Gropius resigned from the directorship of the Bauhaus, naming Hannes Meyer
as his successor. Meyer possessed many of the same ideals as Gropius, but was more polit-
ically active and wanted to bring the school’s activities into even closer alignment with
everyday life. Meyer believed that the school had become too inbred and too concerned
with its own particular style. For that reason, he wanted to direct it towards ‘popular
necessities’, rather than luxuries like paintings and decorative wallpaper. This shift in focus
was intended to ‘wean it away from idealism to ‘‘the one reality we control: that which can
be measured, seen, weighed’’’ (Willett, 1978, p. 123).

Another change effected by Meyer in early 1929 was the practice of bringing in guest
lecturers in subjects such as philosophy and the social sciences. On October 15, 1929,
Rudolf Carnap gave a lecture at the Bauhaus in Dessau, having recently finished his book,
Der logische Aufbau der Welt, or The logical construction of the world. This book came to
be seen as representative of the Vienna Circle, an intellectual group of which Carnap was a
key member. The title of Carnap’s lecture at the Bauhaus was ‘Wissenschaft und Leben’
(‘Science and life’), and he addressed the audience with the statement, ‘I work in science,
and you in visible forms; the two are only different sides of a single life’ (Galison, 1990, p.
710).

1.2. Carnap, Neurath, Bauhaus

Carnap was a logician, mathematical physicist and philosopher who studied logic and
philosophy under Frege and Bruno Bauch at the University of Jena. In 1924, Carnap was
introduced by Hans Reichenbach to Moritz Schlick, who was at the time a professor in
Vienna. Carnap visited the Schlick Circle several times, presenting an early version of
his Aufbau to members of the Circle. Soon after, Schlick and Hahn secured a position
for Carnap at the University in Vienna, where he lived from 1926 until 1931, and where
he continued to work on his Der logische Aufbau der Welt (Carnap, 1963; Geier, 1998).
The philosophical task of this work is often characterized as the reconstruction of the
entire sensible world out of simple perceptual elements. This reconstruction leads to a con-
ception of the world adequate for the development of science.

In Galison’s view, the term Aufbau had a very specific cultural meaning at the time Car-
nap was writing, which Galison refers to as the ‘left-technocratic’ period of interest in the
notion of Aufbau. Generally, Galison takes Aufbau to be a process of reconstruction or
rebuilding, though on his view neither of these words fully captures the meaning of the
German word. In the left-technocratic period in particular, Galison takes the idea of
the reconstruction to be as follows:
On new, and for the first time firm, foundations, they would erect a political, philo-
sophical, and aesthetic world separate from everything that had come before. It
would (in most instances) be socialist, internationalist, practical, and deeply scientific
and technological. (Galison, 1996, p. 17)
So we ought to think of Aufbau as related to the reformation of life and a restructuring of
values away from the traditional. In this historical period in particular, Aufbau meant a
shift away from the merely decorative and superfluous and toward the practical, in order



472 A. Potochnik, A. Yap / Stud. Hist. Phil. Sci. 37 (2006) 469–488
to develop a rational, ordered form of life. All this is part of what we will call the left-tech-
nocratic meaning of Aufbau—its primarily social and political significance.

Carnap had just such a left-technocratic inclination, for he was identified with the neue

Sachlichkeit cultural movement, which was committed to internationalism, some version
of socialism, and the use of technology to aid in the organization of public life.1 Carnap,
however, was not as politically involved as another key member of the Vienna Circle—
Otto Neurath. Neurath was an economist, active in education and in left-wing politics.
He had served as president of the Central Economic Administration in Bavaria after its
socialist revolution and had also developed a system of picture statistics, known as ISO-
TYPE (International System Of TYpographic Picture Education), for use in museums.
Neurath was keenly interested in the housing projects in which the Bauhaus was involved,
and he was very pleased by the school’s gradual shift towards a more scientific, practical,
and technological education.

Neurath was present at the opening of the new Dessau Bauhaus in 1926. He wrote an
article commemorating the occasion called ‘Das Neue Bauhaus in Dessau’ (‘The New Bau-
haus in Dessau’), which was published in a journal also entitled Der Aufbau. His reaction
to the new orientation of the Bauhaus looks somewhat similar to Meyer’s criticism of the
Bauhaus some years later. As Galison summarizes Neurath’s article:
1 See
terms
Celebrating the renunciation of ornamentation and decoration of every sort, he
gently chided the Bauhaus for relying too much on the style of modernism and
not sufficiently on its practical implications: ‘When will the modern engineers run
the Bauhaus?’ (1990, p. 716)
After Meyer took over the directorship, the logical positivists came often to speak at the
Bauhaus. In July 1929, Herbert Feigl spent a week at the school as the official representa-
tive of the Vienna Circle, and we have already mentioned Carnap’s lecture in October of
that same year. Neurath lectured there several times as well, both in 1929 and in 1930.

In his article ‘Aufbau/Bauhaus’, and also in ‘Constructing modernism: Cultural loca-
tion of Aufbau’, Galison explores the connections between the Vienna Circle and the Bau-
haus. As Carnap said during his lecture at the Bauhaus, science and the visual forms were
supposed to be two sides of a single life. So it is worth seeing what the Vienna Circle and
the Bauhaus took to be the connections between the two. The particular connections Gali-
son takes himself to be investigating are related to the cultural meaning of the term Auf-

bau. Galison writes:
in the German-speaking world during the 1920s, a vocabulary and reservoir of
images evolved that were shared by both the positivists and the Bauhäusler. This
repository included a notion of transparent construction in which each element
had its place and function. It included the aspiration of both groups to harmonize
their own discipline (and interior life more generally) with the rationalism each
saw embodied in what they perceived as the regularity, intelligibility, and function-
ality of contemporary technology. It included an emphasis on the role of the collec-
tive action of peoples. (Galison, 1996, p. 41)
Friedman (1996, pp. 50–51). For more on the connection between the Vienna Circle and the Bauhaus in
of the neue Sachlichkeit, see Dahms (2004).
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Thus Galison takes there to be commonalities between the Vienna Circle and the Bauhaus
in virtue of the groups’ similar goals, goals connected to the particular notion of Aufbau

then in play.
In the paragraph quoted above, we can in fact distinguish two meanings of Aufbau. The

first is a more general cultural meaning, what we have been calling the left-technocratic
meaning of Aufbau. This is related to the idea of modernism and the use of technology
to help create a rationally ordered form of life. The second meaning, however, is more
directly related to the title of Carnap’s Der logische Aufbau der Welt. This notion, which
we will refer to as the procedural meaning of Aufbau, is the idea of a transparent construc-
tion from simple elements. It is important that the left-technocratic and procedural mean-
ings be kept distinct, for reasons that will be made clear below.

That the left-technocratic meaning of Aufbau can be used to link Carnap and Neurath
with the Bauhaus is quite clear. Carnap and Neurath are often said to be part of the ‘Left
Vienna Circle,’ taken as a political designation. And both the Bauhaus and the Left
Vienna Circle had the same political enemies: ‘the religious right, nationalist, anthropos-
ophist, völkisch, and Nazi opponents’ (Galison, 1990, p. 710), the opposition to which nat-
urally drew them together. The geometrical style of the Bauhaus was particularly criticized
by the Nazis as being too ‘international’. For instance, their flat geometrical roofs were not
seen to be appropriate for northern climates, and were considered too ‘oriental’. In gen-
eral, this geometrical style was thought to be incapable of capturing the ‘German essence’,
or any kind of nationalistic spirit.

Members of the Vienna Circle denied the possibility of a ‘German essence’ even more
explicitly than the Bauhaus. Even Schlick—one of the less left-wing members of the
Vienna Circle—explicitly opposed the idea of the Deutschtum, Nation, or Volk having
any kind of transcendent reality (ibid., p. 744). So unsurprisingly, many Vienna Circle aca-
demics and their intellectual allies found themselves in a very difficult position with the rise
of Nazism. Neurath wrote to Carnap several times in 1933, describing the atmosphere of
desperation in Vienna, recalling those he knew who had already been arrested, or even
killed. Everyone he knew, he wrote, was trying to escape (ibid., pp. 744–745). Carnap
had already left for Prague two years earlier, and in 1935, he fled Europe altogether. Most
members of the Vienna Circle did similarly.

Galison is certainly sensitive to the relevance of the left-technocratic meaning of Aufbau

to both the Vienna Circle and the Bauhaus. However, particularly in ‘Aufbau/Bauhaus’,
he emphasizes the procedural meaning of Aufbau as a means of connecting the Vienna Cir-
cle and the Bauhaus. He takes this connection to exist between the Bauhaus philosophy
and that of Carnap and Neurath in particular. More specifically, Galison relates the type
of constructive project in which Carnap is engaged in the Aufbau to the architectural meth-
odology of the Bauhaus. He writes:
Both enterprises sought to instantiate a modernism emphasizing what I will call
‘transparent construction’, a manifest building up from simple elements to all higher
forms that would, by virtue of the systematic constructional program itself, guaran-
tee the exclusion of the decorative, mystical, or metaphysical. (Ibid., p. 710)
On the Bauhaus side of this connection, Galison cites the use of basic geometrical
forms, as well as the use of glass fixtures which made visible the inner workings of
the lamp. He also cites Bauhaus teachers like Kandinsky on their notions regarding
form:
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the work has to begin with the simplest shapes and systematically progress to more
complicated ones. Hence, in the first part of the investigation of form the plane is
reduced to three fundamental elements—triangle, square, and circle—and space is
reduced to the resulting fundamental space elements—pyramid, cube, and sphere.
(Ibid., p. 738)
Thus constructed from basic elements, nothing merely decorative could possibly find its
way into the work.

On the Vienna Circle side of this connection, Galison cites Carnap’s Aufbau as repre-
sentative of the Vienna Circle’s ‘scientific world-conception’. An early version of this view
also appears in the Vienna Circle’s manifesto, their Wissenschaftliche Weltaufassung, to
which both Carnap and Neurath contributed (Hahn et al., 1929). Galison points out
the empiricist commitments of this work, that the only source of knowledge is experience
and, in particular, the immediately given. The Vienna Circle divided statements into two
categories, the first being those of empirical science, the meaning of which can be deter-
mined through the method of logical analysis, while the second class of statements are
the meaningless statements of metaphysics. Naturally, the latter have no place in scientific
philosophy.

Furthermore, Galison takes the Vienna Circle’s interest in the logical analysis of science
to have the goal of ‘[reaching] a unified science by ‘‘constituting’’ all scientific theories out
of the elementary bits of perception’ (Galison, 1990, p. 732). By this kind of construction,
that is, out of only those basic elements which are immediately given, nothing metaphys-
ical could find its way into science. Just as the form of a glass lamp is to be transparent and
free of the ornate and decorative, the form of such a unified science is to be transparent as
well, free of the metaphysical.

Carnap is not the only one with strong intellectual connections to the Bauhaus. When
Meyer resigned his directorship of the Dessau Bauhaus under pressure from the Nazis, his
letter of protest included a list of his accomplishments. Among these was the list of visitors
whom he had brought to the Bauhaus, and Neurath’s name appears first on the list (ibid.,
p. 745). And in ‘Aufbau/Bauhaus’, Galison takes Neurath’s physicalism to be something
akin to the construction process of Carnap’s Aufbau. Neurath’s physicalism is, according
to Galison, ‘[his] doctrine of building up from simple elements of experience’ (ibid., p.
746).

So Galison takes the Vienna Circle’s empiricist commitments, Carnap’s method of log-
ical analysis to the end of unifying science, and Neurath’s physicalism to evoke the proce-
dural meaning of Aufbau. In this philosophical context, this procedural meaning involves
the epistemological construction out of simple perceptual elements. For Galison, this is
analogous to the constructivist curriculum of the Bauhaus, exemplified by Kandinsky,
which emphasizes architectural construction out of simple geometrical elements. The care-
ful nature of these constructions was intended to ensure that no metaphysical or decora-
tive elements found their way into that which was being constructed, so that the inner
workings of the structure would be transparent.
2. Neurath’s philosophy of science

Above we detailed the connection that Galison draws between the Bauhaus and the
Vienna Circle and, in particular, the relevance of the procedural meaning of Aufbau to



A. Potochnik, A. Yap / Stud. Hist. Phil. Sci. 37 (2006) 469–488 475
the projects of both groups. Yet many argue that the caricatured version of logical empir-
icism as ‘logistically fortified traditional foundationalism’2 fails to capture the nuanced
philosophical views of the Vienna Circle. Galison may not have such a caricature in
mind—the notion of transparent construction does not in itself seem to be a commitment
to foundationalism. Yet it is worth investigating the degree to which the philosophical
commitments that Galison takes to constitute the Vienna Circle’s connection to the Bau-
haus are themselves truly shared by the members of the Circle, and in particular by Neu-
rath. For in our view, it is at least the case that the project of transparent construction
from simple elements did not belong to Neurath.

Here we outline some of Neurath’s views on epistemology and philosophy of science.
The picture that emerges is clearly distinct from the stereotypical version of logical empir-
icism. A discussion of Neurath’s account of unified science will serve to ground his notion
of the role in science played by what he calls Ballungen, as well as his epistemological views
and, finally, Neurath’s peculiar form of physicalism. This investigation into Neurath’s
philosophical commitments will serve to ground our claim that the connection between
the Bauhaus and Neurath cannot have a basis in their shared commitment to the proce-
dural meaning of Aufbau, for at least with regards to his philosophical views, Neurath
had no such commitment.

2.1. Unified science and encyclopedism

Working toward a unified science (Einheitswissenschaft), especially through his encyclo-
pedia project, was a central and permanent aim of Neurath’s philosophical engagement.
Our phrasing is deliberate: Neurath saw this more as a project to be pursued than as a
philosophical stance. Unified science is not the instantiation of a ‘grand metaphysical
view’. Rather:
2 Th
instead of aiming at a synthesis of the different sciences on the basis of a prior and
independent philosophy, the special sciences will themselves supply their own synthe-
sizing glue. (Neurath, 1983f, p. 172)
Thus unified science was a practical aim, namely the bringing together of scientists and
thereby distinct sciences in the name of interconnection and communication. What the
product of this collaboration would look like was not for Neurath or anyone else to
stipulate.

Neurath makes the same point in other places by distinguishing between a system and
systematization. The former is prescriptive, aiming for completion and correctness. Sys-
tematization, in contrast, yields an encyclopedia. And an encyclopedia is nothing but ‘a
preliminary assemblage of knowledge . . . the totality of scientific matter now at our dis-
posal’ (Neurath, 1983c, p. 146). The systematization of science, in Neurath’s sense, begins
with simply the bringing together of diverse scientific endeavors. Later, Neurath follows
Kallen in describing this process of systematization as ‘orchestration’ (Neurath, 1983g,
p. 242).

In what, though, does this systematization consist? One goal is the unification of scien-
tific language, that is, ensuring that terminology and symbolism is as consistent as possible
among all disciplines. Note that by this Neurath does not mean that all sciences will be
is phrasing comes from Uebel (1992, p. ix).
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formulated in terms of microphysics or anything like that. Indeed, he specifies that ‘one
will have to refrain . . . from concealing the ambiguity of certain pronouncements and from
attempting to design a unitary system’ (Neurath, 1983e, p. 140). Yet he does have in mind
a basic terminology that can be used in all of the sciences; more will be said regarding this
in Section 2.2 below.

Second, unified science should aim for and emphasize the unity of auxiliary procedures.
This includes detailing the stock of scientific instruments available and shown to be effec-
tive, including ‘logical instruments’ such as probability theory (ibid., pp. 141, 155). Relat-
edly, Neurath aims for unity in graphic representation. As he puts it, ‘curves and other
figures are also instruments of scientific expression’ (ibid., p. 142). Neurath had in mind
that the ISOTYPE picture language that he had developed would provide the standardized
elements from which scientific figures could be constructed.

As far as the subject matter of the various sciences is concerned, Neurath writes that ‘of
greatest importance also is the linking of disciplines among themselves by the establish-
ment of ‘‘cross-connections’’’ (1983c, p. 155). Neurath provides an example of such a
cross-connection by posing the question, ‘to what degree can biology and physics be pre-
sented from a unified point of view?’ (ibid.). Further, cross-connections are forced upon us
by the application of scientific tools to particular problems. Neurath writes:
We avoid pseudo-problems of all kinds if, in the analysis of sciences, we set out from
predictions, their formulation and their control. But it is precisely this starting point
that is little suited for the delimitation of special disciplines. One does not arrive at
individual disciplines of stars, stones, plants, animals during the deduction of certain
predictions, because time and again the conjunction of statements of different origin
becomes necessary. (1983d, p. 132)
Thus the working of science itself forces upon us connections among the individual parts
of science. This is because predicting and accounting for phenomena in the natural and
social world requires us to put to work many sciences simultaneously and in conjunction.
This can be seen as the impetus for the unified vocabulary, instrumentation, representation
of science, as well as the cross-connections among its parts. In short, science’s applicability
creates the need for its systematization.

The unity of science thesis is often characterized as the reduction of all sciences to the
domain of microphysics. Yet it is obvious that Neurath’s vision of unified science is far
from that. According to Neurath, the sciences themselves are to dictate their interconnec-
tions, and many different systematizations are possible. The result is ‘a far-reaching unity
that can not be deduced logically’ (Neurath, 1983b, p. 116; emphasis in original). Thus,
unified science is a systematization of the language, procedures, and representations of sci-
ence in order to increase our ability to generate good predictions. Different such system-
atizations are possible, and we are to take our lead from scientific practice itself. Neurath
says:
The unity we have before us, as a goal for the encyclopedism of logical empiricism, is
based on the actual store of expressions which people have in common all over the
world. Its evolution would be based on conventions which could never be definite or
authoritative as far as the aspirations of conscientious logical empiricists are con-
cerned. Pluralism is the aura of this scientific world community of the common
man. The encyclopedism of logical empiricism . . . with the unified science encyclope-
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dia are the children of the tolerant approach of democratic cooperation. It competes
with no philosophy, and is anti-totalitarian through and through. (Neurath, 1983g,
p. 242)
2.2. Ballungen

We said above that Neurath’s notion of unified science includes the unity of the lan-
guage of science. He envisions a basic terminology that is applicable throughout science.
Yet, as we noted, this terminological unity will not bring the end of ambiguity; far from it.
Indeed, it is just this ambiguity that ensures the stability of discourse across times and
places and speakers. Such stability is necessary for scientific discourse, as well as for the
wide, borderless participation in science envisioned by Neurath.

Neurath takes as an example of this stabilizing ambiguity the sentence, ‘In a certain
year B.C. a ship moved up the waters of the Tiber in the direction of Rome’. He points
out that
The terms of this statement can be used today in about the same way as some cen-
turies ago, although what corresponds in science to the common term ‘water’ has
today a definition that is different from that of some centuries ago and even of a very
short time ago when one did not know the difference between ‘heavy’ and ‘light’
water. The terms of science must adapt themselves much more to the new theories
than a cluster. (Neurath, 1983c, p. 149)
The very ambiguity of such Ballungen, or conglomerations, makes possible the reinterpre-
tation and translation that allows their stability. Thus terms from ordinary life such as
‘water’, ‘tree’, and ‘cave’ hold their meaning across cultures and among individuals much
more successfully than theoretical terms (be they magical, theological, metaphysical, or
scientific) such as ‘taboo’, ‘nirvana’, ‘thing in itself’, and ‘heat’.3

Yet Ballungen have their drawbacks. For their ambiguity and lack of theoretical com-
mitment make them ill-suited to offer firm, scientific predictions. We need theoretical terms
to generate scientific progress, and the precise formulation of the concepts to which they
apply is very important. Yet there will always be a base of commonsense notions ground-
ing theoretical constructs. We cannot eliminate Ballungen, and it would be the death of
scientific progress—and communication—if we could. Thus:
Our whole life consists in two opposite movements: in the one we tend to acquire
always new concepts and to modify those that tradition has left us; but in the other
we are obliged to take the traditional statements as the basis for our departure.
(Ibid., p. 150)
Ambiguity and the resulting stability are thus opposed to precision and the resulting pre-
dictive power. Simple observation statements are the common currency in science and in
life, while theoretical terminology yields predictions and can lead to scientific progress.

We should note in passing that it is this common vocabulary rife with ambiguity upon
which, on Neurath’s view, protocol statements are based. Indeed, Neurath specifies that
protocol statements are ‘of medium complexity and uncertainty like those familiar to us
ese examples come from Neurath (1983c, p. 150). See Cartwright et al. (1996) on the importance of
gen to Neurath’s philosophical views.
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in current language’ (ibid., pp. 152–153). This seems to follow from his conception of the
purpose of common language and its Ballungen, for it is this language that is inter-trans-
latable among observers, cultures, and epochs.

2.3. Naturalized epistemology

The ambiguities of common language that are ineliminable from science make neces-
sary the science of science. This ‘behaviouristic study of the actions of men of science’
is necessary if we are to understand the relationships linking scientific theory to everyday
terminology (ibid., p. 149). Further, the science of science, along with the sociology, his-
tory, and philosophy of science and in general, as Geisteswissenschaften, are legitimate
components of unified science. Thus there is no privileged perspective from which philos-
ophy can work—it is in amongst all the sciences.

A consequence of this view is a form of naturalized epistemology, that is, the view that
the study of in what knowledge consists, how science proceeds, etc., is an empirical inves-
tigation, indeed part of science itself. Philosophy is replaced by empirical and logical stud-
ies that are themselves part of unified science. Neurath writes of his and his colleagues’
aims for unified science that
4 See
positio
We would establish the ‘cross connections’ from science to science and thus create a
structure that knows no ‘philosophy’, no ‘epistemology’ with special propositions—
whichever one of these two is applicable has found its place either in the ‘logic of sci-
ence’ or in ‘behaviouristics’. (Neurath, 1983b, p. 115)
The a priori disciplines of philosophy and epistemology are thus replaced by a combina-
tion of logic and empirical study of the actual development of science.

This latter component cannot be done in advance, but must take account of what sci-
entists in fact decide. We mentioned above that many different systematizations of science
are possible. Which one is pursued is a matter of historical accident—it simply turns out
that we pursue one path or the other. Thus we are ourselves part of the data of unified
science; our responses and decisions are data determining the form of science (Neurath,
1983c, p. 157). And this is the replacement of a priori epistemology.

Thus Neurath has naturalized epistemology, replacing philosophy with unified science.
Anything that is ‘isolated’ and thus ‘scientifically useless’ is merely metaphysical and, it
seems, useless more broadly (Neurath, 1983d, p. 137). In contrast, the science of science
is a worthwhile and promising endeavor. The degree to which it will succeed Neurath,
in characteristic form, leaves as an open question. But the social scientist in him certainly
seems optimistic.4

2.4. Neurath’s brand of physicalism

Just as Neurath’s notion of unified science is far different from the typical reductionistic
picture, so too is his brand of physicalism other than one might at first think. However,
after the discussion above, Neurath’s version of physicalism should now seem to fall neatly
Uebel (1992, 1996) for a more in-depth examination of Neurath’s naturalized epistemology and his related
n in the protocol sentence debates.



A. Potochnik, A. Yap / Stud. Hist. Phil. Sci. 37 (2006) 469–488 479
into place. For in his view, physicalism amounts to the idea that the everyday language of
perceptible objects can be used throughout the scientific enterprise.

We have discussed how all of science is (or should be) unified and how ordinary lan-
guage is needed to ground science. This systematized language of all science—Neurath
calls it a ‘universal jargon’—is, as we saw above, full of imprecision and ambiguity. It is
important that this universal jargon is used in a consistent manner throughout science
and, further, that the theoretical language that develops is consistent with this jargon. It
is here that physicalism comes in.

In various places, Neurath cashes out what he means by physicalism in slightly different
ways. Yet these ways seem consistent with one another.5 Early on, he writes that physical-
ism is the view that ‘what matters is that all statements contain references to the spatio-tem-
poral order, the order we know from physics’ (Neurath, 1983a, p. 54). Thus ‘I see blue’, for
example, is a statement taken to indicate spatio-temporal changes outside of the person or,
if hallucinatory, certain changes within the person herself. Relatedly, Neurath later claims
that physicalism is the practice of using a universal jargon that corresponds to the language
of physics. Here to get at what he means by this correspondence, he points out that index-
ical terms can be replaced by explicit references to place and time. The important aspect of
physicalism thus remains that all statements relate back to the spatio-temporal ordering.
And finally, in another formulation, Neurath claims that physicalism is the view that ordin-
ary language can be used in all scientific discussions. The picture of his physicalism perhaps
emerges best here. He begins by discussing again how statements like ‘I see something red
floating in front of me’ are to be translated into statements with direct references to times,
people, and places. This
5 Th
has be
anothe
the vie
depicti
[seems] to have the advantage that the ‘when, where and how’ attitude could be
maintained from the bottom to the top. This I call the ‘physicalist’ approach, which
has nothing to do with ‘mechanism’ or anything like that; it only pretends that we
can use the everyday language which we use when we talk of cows and calves
throughout the empiricist discussions. (Neurath, 1983g, p. 233)
Unified science begins with a universal jargon full of Ballungen that is accessible to dif-
ferent people, at different times, and in different places. This Neurath takes to be possible
because of his version of physicalism: the ability to formulate observations and so on, in
terms of the spatio-temporal framework used in physics. This physicalism ensures the uni-
versality of our jargon and, thus, the possibility of a science unified across individuals, cul-
tures, and disciplines.
3. Neurath and Bauhaus: rethinking the connections

We take Section 2 above to demonstrate the extent to which Neurath’s philosophical
views fail to line up with a program of transparent construction from simples. Indeed,
on our view, the philosophical differences between Carnap and Neurath are sizable enough
roughout this discussion of Neurath’s philosophy, the issue of how Neurath’s views developed over time
en neglected. We think this is unproblematic, for the success of our thesis will not hinge upon one or
r version of the general views outlined here. Important is only the fact that at no point did Neurath hold
ws that one must ascribe to him in order for the procedural meaning of Aufbau to apply. We take this
on of Neurath’s general philosophical views to illustrate this. See note 8 below for more on this point.
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to make problematic the idea that we can center a connection between the Bauhaus and
the Vienna Circle on Carnap’s Aufbau. Yet, at least in ‘Aufbau/Bauhaus’, the idea of Auf-

bau as transparent construction from simple elements is a very significant part of the
repository of common vocabulary that Galison takes to be shared by the Bauhaus and
the Vienna Circle. In reality, though, this connection fits Carnap’s early philosophical pro-
jects better than those of Neurath. Here we will argue for this claim, as well as outline
some distinct connections between Neurath and the Bauhaus.
3.1. Carnap’s Aufbau and the Bauhaus

First of all, the common themes in the Bauhaus’s architectural work and Carnap’s
philosophical work bear emphasizing. As we discussed in Section 1, Carnap and the Bau-
haus were not merely unified by their leftist political tendencies. The two also subscribed to
parallel methodological commitments. One of these is a commitment to a form of unity
that springs from the building up of a structure from simple elements. For the Bauhaus,
this commitment meant that structures and fixtures were built up out of a few simple
shapes, with forms and colors limited to the typical (Willett, 1978, p. 119). Thus the sim-
plest elements were combined to produce functional buildings and objects.

Carnap’s commitment to this structural building up from simples is manifested in the
very nature of his project in the Aufbau. In the Preface to the second edition, he states that
6 Wh
instanc
interpr
argum
constru
that a
Bauha
The main problem concerns the possibility of the rational reconstruction of the con-
cepts of all fields of knowledge on the basis of concepts that refer to the immediately
given. (Carnap, 1969, p. v)
If the project of the Aufbau succeeds, then, all science will be constructed on the basis of
sense experience. So where the Bauhaus built up structures physically out of simple design
elements, Carnap built up the conceptual structure of experience logically, starting from
immediate perception.

This commitment to the construction of complex edifices from simple elements provides
the occasion for a second parallel between Carnap’s and the Bauhaus’s programs. Both are
committed to a form of transparency in virtue of this construction process. Architectur-
ally, the transparency results from the formulaic combination of simple shapes and colors,
as well as the commitment to structures that differ only insofar as they are to be put to
different uses. Recall from above that if spaces were to be used by similar people for sim-
ilar purposes, Gropius saw no reason for them to be distinct. This would be a ‘wasteful
and a misplaced emphasis on individuality’ (Willett, 1978, p. 121).

Through his Aufbau project, Carnap intended to show how scientific claims can be traced
back to perceptual facts.6 This rational reconstruction allows for its own sort of transpar-
ency, insofar as scientific claims can then be understood based upon their relationship to
ether or not the Carnap of the Aufbau is committed to foundationalism is a disputed matter. See, for
e Richardson (1998), Friedman (1999). In our view, Galison (1990, 1996) suggests a foundationalist
etation of the Aufbau. However, he may not be committed to this interpretation of Carnap, and our
ents here do not depend upon such a commitment. Regardless of whether or not Carnap’s transparent
ction from simple elements is taken to be foundationalist in nature, what is at issue here is Galison’s idea
commitment to this philosophical transparent construction unites both Carnap and Neurath to the

us. On our view, it does not.



A. Potochnik, A. Yap / Stud. Hist. Phil. Sci. 37 (2006) 469–488 481
perceptual facts. In this way, Carnap attempts to make transparent all scientific statements,
that is, all legitimate, non-metaphysical claims about the world. He argues that the relation-
ship obtaining between higher and lower levels of complexity in science is that of logical
complexes and their elements. When a scientific concept is shown to be merely a logical
complex, it follows that ‘all statements about it can be transformed into statements about
its elements’ (Carnap, 1969, p. 7). Thus this logical construction of scientific concepts from a
basis in the immediately given makes possible a certain perspicuity in science. For ulti-
mately, if Carnap is right, all scientific claims derive from—and can be traced back to—sim-
ple claims about sense experience.

3.2. Neurath and Carnap: philosophical differences

These commonalities between the Bauhaus and Carnap’s Aufbau in particular make
salient some key philosophical differences between Carnap and Neurath. Neurath would
not have undertaken a quest for transparent logical construction, at least in part because
of his notion of Ballungen. Recall that Ballungen are not only irremovable from science,
but even essential to its success. Ballungen—common, imprecise terms that are somewhat
vague in meaning—ensure that different individuals with different backgrounds can com-
municate with each other; that observations remain stable with the passing of time; and in
general, that science can be shared among all manner of people, cultures, and times.

The residual ambiguity that accompanies Ballungen makes impossible the Carnapian
ideal of transparency. For Carnap, this transparency stems from the logical construction
of science from immediate sense experience or other basic elements. But in Neurath’s view,
the common words for middle-sized objects are the basis for science, and the very thing
that makes them suitable for this job is that they cannot be defined away, fully cashed
out in more precise terms. Neurath writes:
7 See
The fiction of an ideal language constructed out of pure atomic sentences is no less
metaphysical than the fiction of Laplace’s demon. The language of science, with its
ever increasing development of symbolic systems, cannot be regarded as an approx-
imation to such an ideal language. (Neurath, 1959; p. 199)
We are stuck with the ambiguities of common language.
The vagueness and ambiguity of Ballungen mean that there are different directions in

which science can proceed, different ways for theory to accommodate empirical observa-
tions. Recall from Section 2.3 that, for Neurath, the study of science is in part sociological,
a matter of looking to see in what direction scientists have in fact proceeded. This is
because science starts with an ambiguous language that makes crystal-clear, logical pro-
gression impossible. As Neurath said in his famous boat metaphor, ‘we are like sailors
who have to rebuild their ship on the open sea, without ever being able to dismantle it
in dry dock’. And rather than striving for transparency, we should appreciate the impor-
tance of Ballungen, of the ‘conglomerations’ that solidly frame our ship.

Neurath’s position on protocol sentences is, naturally, closely related to his notion of
Ballungen.7 He offers as an example of a protocol sentence the statement, ‘Otto is observing
an angry person’ (Neurath, 1959, p. 199). An essential feature of this statement, and of pro-
tocol sentences in general, is the reference to the person who makes the observation—this is
Uebel (1992) for an in-depth discussion of this issue.
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in contrast to, for example, Schlick’s notion of protocol sentences like ‘Here blue now’.
Indeed, in Neurath’s view, the above sentence should be even further expanded to incorpo-
rate its time-index. The revised sentence would read something like, ‘At 12:00 p.m. Otto
noted that Otto is observing an angry person’. But even in this more fully specified version
of the statement, the appeal to the vague concept of ‘angry person’ remains.

The explicit reference to time and observer in Neurath’s version of protocol sentences
serves to emphasize a key aspect of his philosophical position. For Neurath, science is
interpersonal to its core. The immediately given is not the proper foundation for science.
Instead, even protocol sentences are formulated in the third-person, with indexicals
replaced with explicit reference to times, places, and people. Protocol sentences and the
Ballungen comprising them are formulated in a way that ensures that people can under-
stand one another. It is this opportunity for communication that grounds science, not
the individualistic formulation of statements capturing immediate sense experience.

Another significant difference between Neurath and Carnap is in their disparate ideas of
unity of science. We showed in Section 2.1 how Neurath’s vision of unified science was
exemplified by encyclopedism and the systematization of science, instead of the construc-
tion of a single scientific system. We are to reject the notion of ‘a philosophical system
which is to legislate for the sciences’ and ‘the rationalistic anticipation of the system of
the sciences’ (Neurath, 1983f, pp. 176–177). Instead, the progression of science itself dem-
onstrates the ways in which it can be unified. Neurath writes that ‘The whole of science is
basically always under discussion’ (1983b, p. 118). The unity of science is an ongoing task,
not something which can be accomplished once and for all. The crucial role of Ballungen

and the pluralism of the scientific community make a preordained, constructional system
impossible even in principle. What is more, this pluralism is essential to the anti-totalitar-
ian and fundamentally democratic character of encyclopedism.

Carnap’s notion of unity of science, on the other hand, has much more to do with a sys-
tem than Neurathian systematization. It is true that Carnap did not commit himself to a sin-
gle basis for science. The system that he constructs in his Aufbau has an ‘autopsychological’
basis, which takes ‘elementary experiences’ as basic elements. Yet Carnap explicitly consid-
ers other bases which could have served to ground the rational reconstruction of the Auf-

bau—some are physical, others psychological (Carnap, 1969, pp. 99–100). Carnap is not
seeking the system of science. Yet in spite of this pluralism regarding the basis of reconstruc-
tion, he still seems to be advocating something akin to a ‘system view’ of the unity of science.
In his view, ‘the formation of the constructional system is the first aim of science’ (ibid., p.
288). Now, Carnap means this in a logical, not a temporal sense; he is not suggesting that
science must stop until the foundational project is completed. But he does believe that dem-
onstrating the manner in which an object is constructed out of the basic elements of expe-
rience is what gives statements about that object a verifiable meaning (ibid., p. 289). Thus,
even though different bases are possible for the constructional system, the (logically) first
task of science is to fix one and proceed from there. For ‘by placing the objects of science
in one unified constructional system, the different ‘‘sciences’’ are at the same time recognized
as branches of the one science and are themselves brought into a system’ (ibid., p. 288).

There is no sense in the Aufbau, then, of the unity of science as an ongoing task. In a
way, science actually begins when the system is completed. What gives science unity is uni-
fied language and the resulting ability to translate statements in any domain of science into
the unified language. This language, the constructional system, and its basic elements
determine what statements are scientific. They are logically prior to the rest of science.
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Furthermore, it appears to be quite consistent with the Aufbau that we might choose a
single constructional system for science, though we acknowledge that it is not the only pos-
sible one. It thus seems that diversity does not play an essential role in scientific practice
for Carnap. In contrast to this, Neurath takes diversity to be an essential aspect of scien-
tific practice:
Multiplicity and uncertainty are essential. From the data at our disposal we can, in
more than one way, deduce predictions that are in harmony with science; the multi-
plicity of predicting cannot be excluded by any method; no degree of systematic pro-
cedure can alter this. One can, so to speak, not agree on a ‘machine’ that
unambiguously produces ‘inductions’ in the wider sense. The progress of science con-
sists, as it were, in constantly changing the machine and in advancing on the basis of
new decisions. (Neurath, 1983b, p. 116)
Neurath and Carnap both emphasize the importance of the scientific community and
the role of the encyclopedia project in furthering communication within it. Yet why is plu-
ralism in that community so important for Neurath? Carnap certainly does not oppose it,
but he does not make a case, as Neurath does, for fostering it. The difference is in the
emphasis of their respective projects. In the Aufbau, at least, the aim is to rationally recon-
struct scientific claims using sense-experience as a basis. For Neurath, however, we take
science as it is, and science is a social activity. As can be seen from his views on matters
ranging from Ballungen to naturalized epistemology, Neurath is very conscious of the nat-
ure of science as a social practice.

3.3. Neurath/Bauhaus

Thus far in this section we have discussed in more detail the parallels between Carnap’s
philosophical views and the Bauhaus project (Section 3.1) and some central philosophical
differences between Carnap and Neurath (Section 3.2). From this it is clear that Carnap
and Neurath’s differences are such that the procedural meaning of Aufbau that is com-
monly held by Carnap and the Bauhaus is not shared by Neurath. In this final section,
we will explicitly develop the differences between Neurath’s philosophical commitments
on the one hand and the commonalities between Carnap and the Bauhaus on the other.
We will then discuss what Neurath does have in common with the Bauhaus. Some of these
connections are also shared with Carnap and other members of the Vienna Circle. Others
are more particular to Neurath.

We have emphasized that Neurath’s conception of the role of Ballungen in science runs
counter to the project of mechanical composition from simple components and to the
transparency that is the aim of this compositionality. Yet these are the method and
aim, respectively, that connect Carnap’s and the Bauhaus’s respective projects. Thus,
whereas the Bauhaus’s commitment to architecture composed of simple components put
together in a mechanical way is mirrored in Carnap’s notion of the unity of science as a
logical reconstruction from the immediately given, this is not so for what Neurath means
by the unity of science. Ballungen are ill-suited for the role of the simple elements of con-
struction. They are not few and known, but various and vague.

It thus seems as if Neurath would not have recognized a project parallel to his for sci-
ence in the mechanistic architecture of the Bauhaus—at least not in the way that Carnap
could have. Neurath’s project of unifying science is not an Aufbau in the sense of a trans-
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parent construction from simple elements. There would not even be a starting point for
such a construction, since for Neurath, we are epistemically always as if on a ship already
at sea. There is no process of building more complex forms from the simple, that is, no
building an edifice that comprises all of science. Unified science is not an edifice—not a
system—but an ongoing project that arises organically from the directions that scientists
themselves decide to take. For these reasons, rather than a process of construction, Neu-
rath’s notion of unified science is more like haphazard renovation. We start from our cur-
rent epistemic position, and we are without advance plan or particular end goal.

Relatedly, the commitment to physicalism that Galison takes to unite the Vienna Circle
and the Bauhaus does not line up with Neurath’s notion of physicalism. In Section 1.2, we
mentioned that Galison refers to Neurath’s physicalism as his ‘doctrine of building up
from simple elements of experience’ (Galison, 1990, p. 746), which is aligned with the pro-
cedural meaning of Aufbau. Yet we have argued that characterizing Neurath’s philosoph-
ical project as a process of construction is misleading. Further, the protocol sentences that
serve as the taking-off points for science are, for Neurath, not ‘the given’, but third-person
intersubjective statements formulated in ordinary language.

For Neurath, physicalism amounts to something like the thesis that everyday lan-
guage—language that refers to perceptible objects—suffices for science. Whatever follows
from this thesis, it does not entail that science is built up from the simple elements of expe-
rience. Protocol sentences refer to sensible objects; that much is clear. And it is the Ball-

ungen found in protocol sentences that ground science. But Neurath cashes these claims
out in a way that undermines the very idea of a construction project that starts with imme-
diate experience.8 Thus the connection that Galison draws between the Vienna Circle and
the Bauhaus that centers on the procedural meaning of Aufbau does not fit Neurath’s
philosophical views. Neurath’s philosophical methodology simply does not mirror the
Bauhaus’s architectural methodology. While Neurath may have considered a construction
process leading to transparency of form to be an admirable architectural goal, he certainly
did not see its analog as a warranted philosophical goal.9

However, as was discussed above, the procedural meaning of Aufbau is not all that
Galison has in mind. In ‘Constructing modernism’, he also discusses the emphasis that
both the Vienna Circle and the Bauhaus place on collaboration, which has more to do
with the left-technocratic meaning of Aufbau. This emphasis on collaboration is something
8 Galison points out that cultural meanings such as those that he takes to connect the Vienna Circle and the
Bauhaus are artifacts of a particular historical period. So it may be argued that it is unfair to cite Neurath’s later
work as evidence against his engagement with the procedural meaning of Aufbau. Yet in our view, these later
writings only help to clarify a persisting feature of Neurath’s general viewpoint. Neurath was not a proponent of
physicalism as transparent construction from simples in 1928, when Carnap’s Aufbau was written, any more than
he was a decade later. This can be seen from his review of Carnap’s Aufbau (Neurath, 1981), despite the fact that
in this work he emphasizes the points of agreement between him and Carnap. In the review, Neurath remarks that
Carnap deals principally with physics and natural sciences. He suggests that the picture would be more
complicated if Carnap had also considered the social sciences. In particular, Carnap would have had to address
the question of how knowledge can be furthered when science must use both clean (saubere) and unclean
(unsaubere) ways of thinking, a situation which Neurath remarks might be necessary. Such unsaubere Denkweisen

seem quite similar to his Ballungen.
9 The idea of construction from simples undoubtedly resonated with Neurath on another level. His ISOTYPE

was a system of pictorially communicating information without relying upon words. This system relied upon
bringing together in a single picture various representations with which viewers were previously familiar. Thus,
this might be considered to be an instance of construction from simples. Thanks to an anonymous referee for this
point.
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which is clear in Neurath’s philosophical writing, and it is also one of Carnap’s method-
ological values. Though the notion of collaboration is not as central to the Aufbau as the
nature of the constructional system, Neurath does point out in his review of the book that
Carnap emphasizes the collectivistic nature of scientific research (Neurath, 1981, p. 297).

The importance of collaboration to Neurath’s own encyclopedia project, as well as to
the methods of the Bauhaus, can hardly be overstated. Indeed, collaboration was one of
the most important features of the encyclopedia. This can be seen from its very title, Inter-

national encyclopedia of unified science. It was to engage scientists from a variety of disci-
plines and a variety of countries, so that the encyclopedia could become a vast survey of
the state of science. Neurath intended it to be ‘the symbol of a developed scientific coop-
eration, of the unity of the sciences, and of the fraternity between the new encyclopedists’
(Neurath, 1983c, p. 158).

For the Dessau Bauhaus, architecture was also a matter of cooperation. Gropius writes,
‘The art of building is contingent on the coordinated team-work of a band of active col-
laborators whose orchestral cooperation symbolizes the cooperative organism we call soci-
ety’ (Gropius, 1965, p. 57). So even though Neurath’s scientific unity and the Bauhaus’s
architectural methods differ, they are united insofar as both crucially depend upon the
coordination and cooperation of individuals.

Furthermore, even though Neurath does not think that unified science is to be brought
about through an Aufbau-style constructional system, his own methods have somewhat sim-
ilar aims. Galison points out that ‘in both Bauhaus and Aufbau, construction from the intel-
ligible simples eliminated the metaphysics of the unnecessary, the merely decorative’
(Galison, 1990, p. 738). Neurath and Carnap are united in advocating the elimination of
that which is merely decorative or metaphysical, and it is their physicalism that assures this
elimination.10 This is closely linked to the Bauhaus’s elimination of the purely decorative.

Perhaps related to their opposition to metaphysical ideas such as a ‘national essence’,
the Bauhaus and the Left Vienna Circle shared similar political inclinations. In Meyer,
we see not only statements about the importance of cooperation,11 but also views about
the international character of his approach to building: ‘The constructivist form knows
no fatherland; it is stateless and the expression of an internationalized way of thought.
Internationalism is one of the virtues of our age’ (Meyer, 1994, p. 448). The encyclopedia
project of the Vienna Circle was explicitly international; its emphasis on collaboration
clearly advocated communication between scientists of all nationalities and was aimed
to eliminate nationalistic bias from science.

Another shared aspect of these groups’ leftist politics was the importance that each
placed on a close relationship between science and modern life. After all, ‘Science and life’
was the title of Carnap’s initial lecture at the Bauhaus, in which he spoke of the roles of
both science and visual art in modern life. Neurath also supported the technologically dri-
ven aspect of the Bauhaus, as well as its use of new synthetic materials in the construction
of their products (Neurath, 1929; Galison 1990). This tying together of modern technology
10 Neurath was probably the member of the Vienna Circle most vigilant in his guard against metaphysics.
Metaphysical claims were, for the logical empiricists, meaningless. They served merely to obfuscate matters. In
this sense, then, Neurath was committed to furthering the transparency of language as much as possible.
However, the pursuit of this sort of transparency is wholly distinct from the notion of construction from simples
and, thus, does not align with Galison’s explication of the notion. Thanks to an anonymous referee for pointing
out how Neurath’s elimination of the metaphysical is a commitment to a particular form of transparency.
11 For instance, ‘Cooperation rules all the world. Community rules over individual being’ (Meyer, 1994, p. 447).
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and modern life was a direction in which the Bauhaus was moving, as were many other
architects of the time. In Galison’s words:
Indeed, the claims for a reformation of life based on modern principles of science
became a common slogan of the left-leaning architects of post-World War I Ger-
many—and an irritant to those on the right, who were determined to preserve a völk-

isch life form, imbued with history, nationalism, and racial identity. (1990, p. 717)
These two parallels—the role of collaboration and leftist political commitments—are
rather general, shared by many progressive thinkers between the wars. Hence the promi-
nence of the left-technocratic meaning of Aufbau. But the ideological connections between
Neurath and the Bauhaus are more extensive. To begin with, Neurath was acutely con-
scious of science as a social practice; a belief shared by Carnap but not as central to his
philosophical views. Neurath makes clear that the elimination of metaphysics is not simply
an end in itself, but is for the sake of science. On his view, metaphysical idealism can lead
to undesirable consequences in science, as well as other social practices. Neurath writes
that metaphysical idealism has allowed for the justification of oppressive social practices,
and even the acceptance of totalitarianism. He argues that the Nazis found arguments for
persecution in Plato’s Republic and that Fichte’s idealism caused him to ask for the expul-
sion of the Jews (Neurath, 1983g, p. 238). These reprehensible social practices result from
the adoption of some artificial authority. The moral that Neurath draws is that no abso-
lute authority should be accepted in science or similar institutions.

In our view, then, the most significant intellectual connection between Neurath and the
Bauhaus is not in their methods but in their overarching aims. Neurath’s views about sci-
entific practice are incompatible with a view of science as a Carnap-style Aufbau. Yet these
methodological differences are perhaps less important than the shared aims of Neurath’s
and the Bauhaus’s respective projects. In fact, with respect to their broad aims, Neurath
and the Bauhaus architects were engaging in two versions of the same project: each sought
to organize and improve life through science and technology. To place too great an
emphasis on the comparison of their methods would be a mistake. For both Neurath
and the Bauhaus, these methods were clearly subordinate to their overarching social aims.

Neurath’s unified science is motivated at least in part by its instrumental value. In prac-
tical tasks which involve the sciences, such as architecture or city planning, many different
sciences are involved. The effective application of science thus requires the coordination of
its parts. Unified language and scientific cross-connections are important insofar as they
are needed for the use of science in the pursuit of practical ends and social goods. Further,
his empiricist philosophy is not designed to take the place of a metaphysical higher author-
ity. Indeed, pluralism in science is meant to ensure that science will remain non-totalitar-
ian. If science itself were to replace the totalitarian metaphysical authorities, something
would certainly be wrong. For without collaboration and democratic cooperation, science
would be ill-suited to benefit society.

Similarly, to focus only on the Bauhaus’s use of technology and non-decorative style
would neglect the goal that this technology was designed to serve. The Bauhaus developed
its doctrine of freeing architecture from excessive ornament because of its influence on
human life:
rationalization, which many people imagine to be [the New Architecture’s] cardinal
principle, is really only its purifying agency. The liberation of architecture from a
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welter of ornament, the emphasis on its structural functions, and the concentration
on concise and economical solutions, represent the purely material side of that for-
malizing process on which the practical value of the New Architecture depends. The
other, the aesthetic satisfaction of the human soul, is just as important as the mate-
rial. (Gropius, 1965, pp. 23–24)
Not only is the elimination of the decorative and the metaphysical instrumental, but it
seems as though science and technology are as well. The use of technology is not in itself
an end for the Bauhaus, just as the betterment of science is not wholly an end by itself
for Neurath. Gropius is quite explicit about this. He writes that mechanization and other
industrial tools are extremely useful for building but should not be taken to be things
which ought to be pursued independently of the ways in which they can improve life.
For:
were mechanization an end in itself it would be an unmitigated calamity, robbing life
of half its fullness and variety by stunting men and women into sub-human, robot-
like automatons . . . But in the last resort mechanization can have only one object: to
abolish the individual’s physical toil of providing himself with the necessities of exis-
tence in order that hand and brain may be set free for some higher order of activity.
(Ibid., p. 33)
For the Bauhaus, as for Neurath, method was always subordinate to the ultimate aim of
improving life through science and technology.
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Abstract One of the central aims of science is explanation: scientists seek to un-
cover why things happen the way they do.  This chapter addresses what kinds of 
explanations are formulated in biology, how explanatory aims influence other fea-
tures of the field of biology, and the implications of all of this for biology educa-
tion.  Philosophical treatments of scientific explanation have been both complicat-
ed and enriched by attention to explanatory strategies in biology.  Most basically, 
whereas traditional philosophy of science based explanation on derivation from 
scientific laws, there are many biological explanations in which laws play little or 
no role.  Instead, the field of biology is a natural place to turn for support for the 
idea that causal information is explanatory.  Biology has also been used to moti-
vate mechanistic accounts of explanation, as well as criticisms of that approach. 
 Ultimately, the most pressing issue about explanation in biology may be how to 
account for the wide range of explanatory styles encountered in the field.  This is-
sue is crucial, for the aims of biological explanation influence a variety of other 
features of the field of biology.  Explanatory aims account for the continued ne-
glect of some central causal factors, a neglect that would otherwise be mysteri-
ous.  This is linked to the persistent use of models like evolutionary game theory 
and population genetic models, models that are simplified to the point of unreality. 
 These explanatory aims also offer a way to interpret many biologists’ total com-
mitment to one or another methodological approach, and the intense disagree-
ments that result.  In my view, such debates are better understood as arising not 
from different theoretical commitments, but commitments to different explanatory 
projects.  Biology education would thus be enriched by attending to approaches to 
biological explanation, as well as the unexpected ways that these explanatory aims 
influence other features of biology.  I suggest five lessons for biology education 
that follow from the considerations of this chapter.  
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1 Introduction 

One of the central aims of science is explanation: scientists seek to uncover why 
things happen the way they do.  In biology, explanations have been sought for 
why offspring generally have the same traits as their parents; for why one area has 
a greater variety of species than another; for why the patterns on land snails’ shells 
show the type of variation they do; for why shark populations increased in the 
Adriatic Sea during World War I.  Biologists have also sought to understand the 
process by which plant cells convert sunlight into nutrients; the particular genetic 
influences on human smoking behavior; and why male seahorses, not females, 
gestate seahorse embryos.  All of these—and many, many more besides—are at-
tempts to explain biological phenomena, phenomena ranging from generalized to 
highly specific and from subcellular to encompassing vast swaths of the Earth.   

Accordingly, a primary project in philosophy of science is providing an ac-
count of the nature of explanation, of what it takes to explain something.  For over 
a hundred years, philosophers of science have been generating competing ac-
counts of explanation.  These accounts provide criteria that are supposed to be es-
sential to explanation, such that any successful explanation will meet those crite-
ria.  Accounts are motivated with reference to examples of successful scientific 
explanations.  In the early to mid twentieth century, much of philosophy of sci-
ence largely focused on physics.  Since then, philosophical treatments of explana-
tion have been both complicated and enriched by attention to explanatory strate-
gies in biology.   

In this chapter, I survey biology’s influence on philosophical accounts of scien-
tific explanation.  This highlights important features of explanatory practice in bi-
ology (Section 2).  I then discuss how the explanatory strategies utilized in biology 
are integral to making sense of other features of scientific practice, such as the 
continued neglect of some central causal factors (Section 3).  Finally, I make ex-
plicit how these issues bear on biology education (Section 4).   

2 Biology and Philosophical Accounts of Explanation 

A traditional and historically influential view in philosophy of science is that sci-
entific explanations are produced by deriving the phenomenon to be explained 
from laws of nature.  This deductive-nomological (D-N) account suggests that ex-
planations follow a simple pattern: a phenomenon is explained by a set of true sen-
tences from which the phenomenon’s description can be derived, and which con-
tains at least one law of nature essential to the derivation (Hempel and 
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Oppenheim, 1948; Hempel, 1965).1  For example, Mendel’s law of independent 
assortment and the fact that two genes are located on different chromosomes ex-
plains why the different alleles for those two genes are paired with each other in 
approximately the same number of gametes: according to Mendel’s law, each pair-
ing is equally likely. 

One feature of the D-N account of explanation that this example violates is that 
this strategy can only explain phenomena when scientific laws guarantee their oc-
currence.  The phenomenon must follow deductively, as a matter of logic, from 
the law and conditions cited.  A companion to the D-N account of explanation was 
thus developed to apply to statistical cases.  This inductive-statistical (I-S) account 
holds that phenomena can also be explained using an applicable statistical law, so 
long as the law confers high probability on the phenomenon. Technically, my 
simple example of explaining using the law of independent assortment is an I-S 
explanation.  Broadly, the idea behind the D-N and I-S approaches to explanation 
is that a phenomenon is explained by specifying how what we know about the 
world—our scientific laws—bears on the particular circumstances at hand, which 
renders the phenomenon expectable.  Laws of nature and the circumstances guar-
antee or render highly probable the phenomenon to be explained. 

However, many biological explanations do not conform to this view of expla-
nation.  For one thing, some phenomena that are acknowledged to be improbable 
are nonetheless thought to be explained.  For example, some genetic mutations are 
explained by oxidative damage, even though such mutations are rare and oxidants 
are frequently present.  Additionally, there are many biological explanations in 
which laws, whether deterministic or statistical, seem to play little or no role.  
Why does sickle-cell disease result in anemia? The explanation will undoubtedly 
cite features of the abnormally rigid, sickled red blood cells found in those with 
sickle-cell disease.  It would be at best strained to construe any element of the re-
sulting explanation as a scientific law.  Finally, there is plenty of uncertainty re-
garding even what should qualify as a biological law, and thus whether biology 
has many, or any, laws to offer (Ruse, 1970; Brandon, 1997; see Lange this vol-
ume).  Whether Mendel’s “law” of independent assortment, used in the example 
of D-N explanation above, would qualify as a scientific law is itself dubious (see 
Jamieson and Radick this volume; see Burian this volume).   

Setting aside the difficulties with the requirement that any explanation cite a 
scientific law, as well as the requirement that any explanation confer a high prob-
ability on the explained phenomenon, the D-N and I-S approaches do align with 
some intuitions about what explanations should accomplish. This point was made 
by Kitcher (1981; 1989).  Kitcher argues that an explanation of a phenomenon 
“unifies” that phenomenon with other scientific beliefs in virtue of providing a 
pattern of argument from which all can be derived.  According to this unification 

                                                             
1 For the sake of simplicity, I use the word “phenomenon” throughout this chapter to stand in for 
various conceptions of the target of explanation: events or laws, propositions, explananda, etc.  
Such distinctions are not central to the aim of this chapter. 
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account, an explanation’s value stems from its generality, simplicity, and cohe-
sion, as these features together generate the power to unify disparate phenomena.  
Explanations that cite Mendel’s law of independent assortment fare better on this 
account than the D-N account.  Positing the independent assortment of genes (on 
different chromosomes) is a simple, cohesive explanation that is general enough to 
explain a variety of phenomena, ranging from a pea plant inheriting a parent’s 
wrinkled peas but not the yellowness of its peas, to there being a 50% chance that 
a woman who carries the x-linked recessive gene for Duchenne muscular dystro-
phy has a son with the disease, regardless of what other traits he does or does not 
inherit (not on the X chromosome).   

In contrast to the troubles encountered by the D-N and I-S accounts, explanato-
ry practice in biology offers support for a different philosophical view of explana-
tion, namely the causal account.  On this view, a phenomenon is explained by the 
causal factors that brought it about (Salmon, 1998; Woodward, 2003).This is a 
natural interpretation of, for example, evolutionary explanations that feature natu-
ral selection.  The redshank sandpiper (Tringatotanus), a bird that feeds on worms 
in mudflats, exhibits a preference for eating large worms over small worms. This 
preference is explained by the fact that natural selection favors foraging habits that 
maximize energy intake; if large worms and small worms are both readily availa-
ble, then a redshank sandpiper’s energy intake is maximized when large worms 
are chosen, since they yield more ingested biomass (Goss-Custard, 1977). Notice, 
however, that although the influence of natural selection on relative energy intake 
is an important cause of the sandpiper’s preference, selection does not guarantee 
that the preference will evolve; it is not the sole determiner, but one influence 
among many (Potochnik, 2010a). 

Biology has also been used to motivate mechanistic accounts of explanation 
(Glennan, 1996; Machamer et al., 2000; Bechtel, 2005; see Laubichler this vol-
ume; see Bechtel this volume).  Mechanisms are “entities and activities organized 
such that they are productive of regular changes from start or set-up to finish or 
termination conditions” (Machamer et al., 2000, p. 3).Explaining by citing a 
mechanism thus provides both causal and organizational information.  A familiar 
mechanistic explanation in biology can be given for the organic compounds creat-
ed via photosynthesis.  This style of explanation would cite the initial presence of 
carbon dioxide and sunlight, then detail the successive reactions among the chem-
ical compounds that eventuate in organic compounds and, as a byproduct, oxygen.  
Significant debate surrounds the question of how broadly this conception of ex-
planation should be employed, for instance, whether natural selection should be 
considered a mechanism (Skipper and Millstein, 2005; Barros, 2008). 

Further disagreements regard the proper scope and purpose of biology explana-
tions.  Some argue that many or all biology explanations will soon be replaced by 
explanations that feature molecular biology; this is a form of explanatory reduc-
tionism.  In large part, this argument and its rebuttal have focused on whether ex-
planations that feature molecular genetics will entirely replace classical genetics 
(Waters, 1990). One of the main arguments employed in defense of the explanato-
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ry value of classical genetics is that the explanations it provides are general in the 
right way to be maximally explanatory (Kitcher, 1984).  Sober (1999) suggests a 
middle ground, according to which some explanations benefit from generality—
they explain by lumping together all similar phenomena—whereas other explana-
tions are designed to be highly specific—they explain by showing what exactly 
brought about the specific phenomenon, in this particular case.   

This distinction between generally applicable explanations and those that track 
the exact process that brought about a particular instance of a phenomenon evokes 
another distinction that has been made in the philosophical literature on explana-
tion.  Some philosophers distinguish how-possibly explanations from how-
actually explanations (Dray, 1957; Brandon, 1990).  As the terminology suggests, 
a how-actually explanation tracks the actual causal process that brought about a 
phenomenon, whereas a how-possibly explanation outlines a process that could 
have (but may not in fact have) brought about a phenomenon.  How-possibly ex-
planation is one way to conceive of the role of explanations that involve claims 
not fully supported by evidence (Forber, 2010).  

To summarize, it seems that some patterns of explanation in biology corrobo-
rate a causal understanding of explanation, while other patterns of explanation 
suggest that mechanisms, where they exist, are explanatory.  Also, though the tra-
ditional philosophical idea that all explanations cite laws of nature is undermined 
by biology, some biology explanations nonetheless corroborate the idea that citing 
general law-like patterns is indeed explanatory.  This is further complicated, how-
ever, to the extent that biology explanations vary in their portrayal of a pattern 
shared by many phenomena versus the specific details of a single phenomenon, 
and relatedly, how closely an explanation is supposed to mirror actual reality.   

This variety suggests that it is not a simple matter to find a single principle un-
derlying all explanations that fall within the purview of biology (let alone all ex-
planations in all of science).  This introduces the question of how to reconcile the 
different points that have been made about biological explanation, if indeed they 
should be reconciled.  There are at least two types of responses one could have to 
this question.  One response is to simply acknowledge that a broad range of ex-
planatory styles is present in biology, and then to focus on accurately characteriz-
ing that range of styles and the relationships among them. This would be a plural-
ist approach to scientific explanation, for it would not attempt to reconcile 
divergent points about explanation in biology.  The end result would be a cata-
logue of different approaches to explanation, with the hope that the approaches 
described together capture all of explanatory practice (Brigandt, 2012).   

The habit in philosophy is to consider this sort of pluralism a position of last re-
sort. Simply declaring that there are several approaches without rhyme or reason 
governing the selection among them should be avoided until all avenues of dis-
covering common principles have been exhausted.  The alternative is to try to ac-
commodate the variety of explanatory practices found in biology, features current-
ly captured by different accounts of scientific explanation.  This may create the 
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groundwork for a unitary account of biological explanation, in spite of the seem-
ing diversity. 

Indeed, various attempts to reconcile different insights into explanation have 
been made.  The unification account is presented by Kitcher (1981, 1989) as a 
successor view to the D-N account, the basis of which is supposed to be in 
Hempel’s own observations.  Strevens (2004) articulates an account of explana-
tion that assimilates the insights of a causal approach to explanation and a unifica-
tion approach.  In Strevens’ view, an explanation cites causal information at a suf-
ficiently general, yet cohesive, level of description. There is an array of views 
regarding the relationship between mechanistic explanation and causal explana-
tion; Skipper and Millstein (2005) view them as competing options, whereas 
Craver (2007) suggests the mechanistic approach as a way to make sense of the 
explanatory role of causal relationships.   

I will conclude this section with some of my own ideas regarding how to create 
a unitary account of biological explanation.  In my view, a promising start is to 
base a unitary account of biological explanation on the idea that causal infor-
mation is explanatory.  A causal understanding of explanation, in one version or 
another, seems to have gained dominance in philosophy of science, especially in 
philosophy of biology.  Yet research in biology amply demonstrates that most bio-
logical phenomena result from complex causal processes, with many factors com-
bining and interacting at each step in the process.  This renders impractical a sim-
ple causal approach to explanation, whereby to explain you simply cite all the 
causes.  It also creates an opportunity to fill out a broadly causal approach to ex-
planation in a way that accommodates other intuitions about biological explana-
tion.   

I suggest adopting an insight advocated by the unification account, Strevens’ 
(2004, 2009) causal account, and many other philosophical accounts of explana-
tion.  This is the idea that generality benefits an explanation.  Though proper laws 
of nature may be few and far between in biology, depicting causal patterns—that 
is, how certain types of causes tend to bring about certain types of effects, given 
other conditions—is a more modest way to generate explanations that showcase 
lawlike behavior.  This motivates explanations that ignore some details in order to 
depict broad causal patterns (Potochnik, 2011).   

Yet a complication is introduced by the point I made just above, that many bio-
logical phenomena result from exceedingly complex causal processes.  Consider, 
for example, the causal processes involved in bringing about the long necks of gi-
raffes.  In no particular order, these include, at least, features of ancestral giraffes’ 
environment, including the presence of nutritious leaf matter high up in tall trees; 
various genetic influences on giraffe morphology; developmental processes, in-
cluding additional regulator genes, involved in giraffe neck-development; certain 
genetic mutations arising; competition for resources such that giraffes with a 
greater reach enjoyed increased rates of survival; and changes in developmental 
processes resulting in longer necks.  All of this causal complexity means that dif-
ferent explanations may focus on different causal patterns.  For instance, there 
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may be one explanation of giraffe neck development and a different explanation of 
selection for lengthened giraffe necks.  What causal pattern is explanatory, and 
thus what parts of the causal process should be mentioned, depends on what one 
might generally call the context of explanation.  This is determined by the goals of 
the research program for which the explanation is generated.  Recall from above 
the debate over reductionism, including whether biological explanations will ulti-
mately all feature molecular biology.  The current view is antireductionist, for it 
suggests that multiple, different explanations will continue to be valuable, insofar 
as each captures a different causal pattern (Potochnik, 2010b).   

To summarize, my attempt to integrate different insights into explanation re-
sults in the view that biological explanations (1) give causal information, (2) in a 
way that depicts a broad causal pattern that is (3) explanatory given the particular 
research goals at hand.  I more fully articulate and defend this view in (Potochnik, 
unpublished).  This approach accommodates much of the diversity of views about 
biology explanations surveyed in this section, but it unites them into a single view.  
It also disputes or neglects some claims, such as the idea that some explanations 
benefit by maximizing their specificity (Sober, 1999), or the idea that explanations 
generally depict mechanisms.  Finally, I must emphasize that my suggested ac-
count of explanation is of course one view among many, and the debate surround-
ing different philosophical views of scientific explanation, and explanation in bi-
ology, will not end anytime soon.   

3 Explanation and Scientific Practice 

In the previous section, we surveyed the range of styles of explanation found in 
biology and considered a few approaches to making sense of that diversity.  Let us 
now set aside questions surrounding how biological explanations are formulated 
and focus instead on how the aims of explanation influence other features of sci-
entific practice in biology.  This will demonstrate how an accurate understanding 
of explanatory practice in biology contributes to an understanding of other charac-
teristics of the field.  In this section I will focus primarily on evolutionary biology, 
but I will also indicate points of contact and resonances with other areas of biolo-
gy.   

In contemporary evolutionary biology, genes are important.  From the discov-
ery of DNA, to the Human Genome Project, and most recently the Thousand Ge-
nome project, genetics—and especially molecular genetics—has received much 
attention both in biology and society at large.  And genes are, of course, absolutely 
central to the evolutionary process.  Though epigenetic inheritance is well docu-
mented (see Uller this volume), genetic inheritance remains central to most evolu-
tionary processes (see Avise this volume).   

In spite of all of this, many well-regarded models of evolutionary change ig-
nore genes entirely.  A prime example of this is evolutionary game theory.  This 
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modeling approach is applicable to the long-term evolution of traits with frequen-
cy-dependent fitness, i.e., when the fitness of a phenotypic trait depends upon the 
traits of others in the population. Different phenotypes are represented as different 
strategies to playing a game, and their fitness is represented as the “payoffs” of 
those strategies.  Evolutionary game theory is used to calculate the equilibrium 
point for distribution of phenotypes that would result if natural selection acted un-
impeded on the population; there may be one such equilibrium, multiple, or none.  
For example, the vampire bat’s behavioral trait of sharing hunting spoils with oth-
er vampire bats is conceived of as a strategy, as is the behavior of not sharing.  
The first trait has a higher payoff—a greater fitness value—when other bats share 
food in return.  Thus one observes reciprocal altruism in the form of food-sharing 
among vampire bats (Wilkinson, 1984).  

Most evolutionary game theory models entirely ignore genetic inheritance.  
Some explicitly incorporate population genetics, featuring one- or at most two-
locus inheritance, but this is uncommon, and even then the genetic dynamics are 
simplified to the point of unreality.  This situation is puzzling: genes are acknowl-
edged by all to be crucial causal influences on evolution, and yet they are ignored 
in many approaches to modeling evolution, with evolutionary game theory as a 
prime example.  

This neglect of important influences is a feature of modeling approaches 
throughout biology.  Population genetics and quantitative genetics both ignore the 
niceties of complex genetic influences on phenotypic traits, as well as ignoring the 
environmental sources of fitness upon which game theory focuses.  Cutting-edge 
genetic research sets aside a host of non-genetic factors.  For example, Amos et al. 
(2010) focus on the genetic influences on human smoking behavior, mentioning 
that of course there are many other causal influences on an individual’s decision 
for or against smoking cigarettes. Models of development tend to ignore entirely 
evolutionary influences on traits. In recognition of this, Mayr (1961) distinguished 
between proximate (developmental) and ultimate (evolutionary) explanations.   

This practice of continued neglect of central causal factors would be mysterious 
without attending to explanatory aims.  Recall that in the previous section, I en-
couraged thinking of explanations as portraying causal patterns, and I pointed out 
that complex causal processes necessitate a choice of which causal pattern an ex-
planation should feature.  This offers a way to make sense of modeling approaches 
in biology continuing to neglect many causal influences, some of which are actu-
ally crucial to bringing about the phenomenon to be explained.  A primary use of 
models in biology is to provide explanations.  Causal factors, including some cen-
tral ones, are neglected when those factors are not part of an explanation’s focal 
causal pattern.   

Neglecting causal factors makes a model more general in the following sense.  
A causal factor would be represented in a model by including an additional varia-
ble or parameter.  By omitting that variable or parameter, the model simply says 
less about the world; it remains mute about that factor, including even whether it 
is a factor. Put another way, the model abstracts away from any causal factor it 
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neglects; it does not represent anything with regard to the factor—not its presence, 
its value, nor its absence.  This results in a model that is more abstract than if the 
neglected causal factor had been represented, and also more general, for the model 
applies to systems that vary with respect to the neglected causal factor.   

Models of a phenomenon that represent just one applicable causal pattern and 
neglect other causal influences are sometimes simplified to the point of unreality.  
That is, sometimes a dummy variable or parameter is included in a model that no 
one expects to accurately represent the world.  This is the strategic use of idealiza-
tions to ignore causal influences.  For instance, population genetic models often 
assume that a population of organisms is infinite in size.  This assumption allows 
the influence of genetic drift to be ignored.  Similarly, evolutionary game theory 
models often simply assume that offspring resemble parents—that like begets 
like—thereby ignoring the complexities of systems of genetic inheritance.  This is, 
then, an additional feature of biology that explanatory practice helps to make 
sense of.  The aims of explanation account not only for the continued use of sim-
plified, partial models, but even models that are unrealistic in many respects. 

A variety of philosophers and biologists have appealed to the aims of explana-
tions in order to account for the continued use of abstractions and idealizations in 
models.  Lewontin (1966) introduced the idea that there are competing aims for 
models—accuracy, precision, and generality—and that some precision and accu-
racy may be traded off for a compensatory gain in generality.  Weisberg (2006) 
argues that such a tradeoff is justified by the aim of using models to give explana-
tions.  Godfrey-Smith (2006) dubs the resulting way of doing science “model-
based science”. Finally, Wimsatt (1987) discusses the role of idealizations in par-
ticular (see Pennock this volume for considerations related to model-based reason-
ing).   

Notice that, although generating explanations motivates the continuing im-
portance of abstract and idealized models, this does not guarantee that all of biolo-
gy functions this way.  Though some precision and accuracy may be sacrificed to 
the end of building a general model, there may be situations where other tradeoffs 
are warranted.  Some explanations integrate more causal factors than others; mod-
els are used for purposes other than generating explanations of real-world phe-
nomena; and, finally, mathematical modeling may not be central to all fields of 
biology.   

Setting aside the features of models, another feature of biological practice that 
explanatory practice helps account for is many biologists’ total commitment to 
one or another methodological approach, and the intense disagreements that result.  
Proponents or critics of particular approaches are prone to making sweeping, ideo-
logically loaded claims.  Evolutionary game theory is a prime example here as 
well.  The use of game theory in biology has been described as a “leap of faith” 
(Grafen, 1984) and a “worldview”(Brown, 2001) by its proponents, and criticized 
for the same reason by its detractors.  Roughgarden (2009) criticizes sexual selec-
tion theory on the grounds that it is wrong about what is “basic to biological na-
ture”.  Many similar sweeping claims can be found in other areas of biology.   
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That differences in approach are frequently construed as a matter of fundamen-
tally opposed ideologies suggests that different research programs are incompati-
ble, insofar as they are committed to different views of biological reality.  But in 
my view, such debates are better understood as arising not from different theoreti-
cal commitments at all, but commitments to different explanatory projects. As we 
have discussed here, models employ abstractions and idealizations in order to fo-
cus on targeted features of a phenomenon, at the expense of ignoring or misrepre-
senting other features.  Different modeling approaches thus can seem to be incom-
patible, for they employ different parameters/variables and opposed assumptions. 
However, the exact opposite is true. The limitations of such models make the use 
of multiple approaches essential. Thus, despite the ideologically laden rhetoric bi-
ologists often employ, the question to ask about apparently competing modeling 
approaches is not which grounds a more successful worldview, but which method 
better serves one's present research aims.  And research aims are in large part de-
termined by explanatory goals, that is, by what phenomena and causal patterns 
that influence them are of primary interest.  To return to one of the examples 
above, evolutionary game theorists focus on the role of natural selection in evolu-
tion, and they largely ignore non-selective influences.  This need not issue from a 
worldview—at this point, biologists agree that non-selective influences can cru-
cially shape the evolutionary process.  The use of evolutionary game theory is in-
stead best defended on the basis of the aim of explaining selection’s influence on 
evolutionary phenomena.   

Though I have argued that ideological positions are not often warranted in bi-
ology, I also suspect that the tendency of biologists to adopt such ideological posi-
tions indicates something important about biological phenomena.  Let us ask: what 
enables simple differences of explanatory focus to be interpreted as wholly differ-
ent worldviews?  That there are such entrenched proponents and opponents to dif-
ferent approaches indicates that a variety of approaches have some purchase on 
the evolutionary process. In my view, this reflects the complex causal processes at 
work in biological phenomena, and the endless variety in how causal factors com-
bine and interact.  This further corroborates the suggestion made in Section 2 that 
a philosophical account of biological explanation must accommodate variety in 
explanations that arise from focuses on different causal patterns.   

Put most broadly, explanatory aims account for the continued diversity of ap-
proaches in biology, as well as biologists’ tendencies to adopt one or a few ap-
proaches as their guiding principle/worldview/etc. Explanatory aims also account 
for why grappling with exceedingly complex causal processes often does not mo-
tivate increasingly complex models.  Explanations focus on just one among many 
causal patterns that govern a phenomenon, and this is accomplished by models 
that abstract and idealize away from other causal factors in order to represent the 
focal causal pattern.  Sometimes the resulting model is simplified to the point of 
unreality, yet it can still do its job of representing a causal pattern important to the 
occurrence of the phenomenon to be explained.   
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4 Conclusion: Teaching about Biological Explanation 

So far in this chapter, we have considered what philosophical accounts of scien-
tific explanation can tell us about biology explanation, and how explanatory prac-
tice in biology has influenced—and should influence—general accounts of expla-
nation.  We have also explored some features of the field of biology that only 
make sense in light of the aim of generating explanations and particular explanato-
ry strategies.  By means of all of this, I hope to have demonstrated that approaches 
to biological explanation and how they influence scientific practice are important 
to biology education. In this section I will develop five suggestions for particular 
ways in which biology education should attend to issues related to scientific ex-
planation.  Along the way I will suggest a few advantages that stand to be gained 
from implementing these suggestions. 

 

4.1 Suggestion 1: Do not overly emphasize laws when thinking 
about biology explanations 

It is to be expected that discussions in biology will include reference to “laws.”  
Calling something a law is a way to express the idea that certain phenomena pro-
ceed according to a more-or-less lawlike pattern. For instance, Mendel’s Laws 
capture some regularities pertaining to genetic transmission.  Such references to 
laws may, for the most part, reasonably set aside the question raised in Section 2 
regarding whether and to what degree there are laws of biology.  In discussions 
focused on biological phenomena and not intended to describe the field of biolo-
gy, the term “law” can simply be used loosely.  Hence we continue to refer to 
Mendel’s Laws, even though there are clear exceptions to these laws—exceptions 
that generate their own distinct lawlike patterns.   

What should be avoided is taking too seriously references to biological laws.  
From the fact that there are references to laws within biology, it should not be in-
ferred that the field of biology progresses via the discovery of new laws (see 
Lange this volume for an examination of what would be required for there to be 
biological laws.)  Similarly, it should not be inferred that finding a law is needed 
in order to explain a phenomenon.  It has been thoroughly demonstrated in this 
chapter that many explanatory projects in biology do not rely on laws.  This means 
that, in biology education, accepted explanations should not be portrayed as citing 
laws, especially when such a portrayal is somewhat forced.  Encountering a range 
of biological explanations that resist simplification to laws will help prepare stu-
dents for the vast range of work in biology to which laws are minimally relevant 
or not relevant at all.   
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4.2 Suggestion 2: Explicitly motivate forms of explanation that are 
common in biology 

Following on the heels of the first suggestion, the idea here is that biology educa-
tion is enriched by explicitly attending to features of biological explanations that 
may seem strange to outsiders, but are in fact quite common explanatory strategies 
in biology.  This involves more than discussing particular explanations, and resist-
ing the temptation to construe them as based on laws.  The suggestion additionally 
involves inviting students to think—critically but openly—about how various ex-
planations succeed.  I will provide three brief illustrations here, though there are 
almost certainly additional forms of explanation across biology that deserve such 
focus.   

Traditional optimality/optimization explanations may be understood as a type 
of functional explanation: the presence of a trait is explained according to its pur-
pose.  In evolutionary contexts, this is made possible by the assumption that natu-
ral selection promotes traits that increase fitness.  Thus the fitness-conferring pur-
pose(s) to which a trait is put may be a causal influence on the trait’s propagation.  
This is a helpful lens through which to view optimality explanations, for it at once 
showcases what is fitting about this style of explanation, and also its limitations, 
or what may be problematic.   

Evolutionary game theory models provide an explanatory strategy closely re-
lated to that of optimality models.  However, the emphasis is shifted from the pur-
pose, or selective advantage, of a trait to points of stability in the shifting propor-
tions of a range of trait values.  Evolutionary game theory models are thus 
fruitfully considered as a type of equilibrium explanation.  Equilibrium explana-
tions are, in my view, a type of broadly causal explanations, for they capture some 
features of causal patterns (cf. Kuorikoski, 2007).  Yet equilibrium explanations 
differ from traditional causal explanations, for they entirely omit any information 
about the causal process that led to the equilibrium point.   

Another, very different type of explanation is mechanistic in nature, explaining 
a phenomenon as the result of a structured series of causal steps. An example is 
the molecular explanation of photosynthesis, which traces the series of chemical 
transformations among macromolecules by which carbon dioxide and sunlight are 
converted into sugars and other organic compounds.  In some regards, this form of 
explanation is the complete opposite of functional and equilibrium forms of ex-
planation.  Whereas equilibrium and functional explanations cite endpoints and 
neglect processes, mechanistic explanations instead detail the exact steps by which 
a phenomenon proceeds.   

There are, of course, many unresolved questions about the relationship among 
these forms of explanation and the relative value of each.  Some considerations 
were introduced in Section 2, including one possible way to assimilate all forms of 
biological explanation.  Regardless of the theoretical questions about their rela-
tionship, though, each form of explanation deserves explicit attention in biology 
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education.  Implementing this suggestion will facilitate a broad education in the 
range of explanatory projects in biology.  It will also help spur students to explicit-
ly consider what form of explanation is generated—or attempted—in different and 
novel research programs.  This is facilitated by introducing forms of explanation 
as tentative, susceptible to reinterpretation or the revision of methodology (see the 
next suggestion for more on this idea).   
 

4.3 Suggestion 3: Resist the temptation to simplify the diversity of 
approaches in biology and their apparent incompatibility 

This chapter has only surveyed a small part of the astounding variety of explanato-
ry projects in biology. This variety of explanatory projects is not surprising, given 
the vast array of types of phenomena under investigation in different subfields of 
biology.  Some considerations from Section 2, and subsequently suggestion 2 
above, suggest that there may even be different strategies of explanations in biol-
ogy, viz., explanations with wholly different aims and attributes. 

One might be tempted to simplify this picture in the classroom.  Introducing a 
large variety of explanatory projects can undermine generalizations that can be es-
pecially useful as heuristics for students.  It also takes up additional class time that 
could be used in other valuable ways.  Yet ignoring—or not focusing upon—the 
immense variety of explanatory projects and explanatory strategies in biology 
trains students to expect the field of biology to proceed in lockstep, and may result 
in later suspicion regarding unfamiliar projects or opposed methodology.  Expo-
sure to variety should have the opposite effect.  This instead facilitates a more nu-
anced appreciation for the vast range of causal influences and interactions within 
the purview of biology, and the diverse routes to understanding found throughout 
the field.   

Teaching the diversity of explanatory projects and strategies and how those 
have changed over time should also engender in students an expectation that ac-
cepted explanatory strategies change alongside accepted knowledge in the field.  
This is a central example of how methodological norms, and not just stores of 
knowledge, progress in biology.  As such, it helps prepare students to think explic-
itly and critically about methodology, and to see explanatory practice as a central 
component of the field of biology.   
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4.4 Suggestion 4: Explicitly consider the role of models—partial, 
unrealistic representation 

Another move that facilitates the explicit and critical analysis of methodology is a 
teaching focus on the role of models in biology and how that role varies among 
subfields and research programs.  I suggested above that there is no reason to as-
sume that laws are central to biology.  In contrast to the circumstances regarding 
laws, it is clear that constructing models—whether mathematical, physical, or 
computer—is an important component of many projects in biology.  Evolutionary 
game theory and population genetic models, predator-prey models, species abun-
dance models, model organisms, agent-based models… the list could go on much 
longer.   

Explicitly addressing the role of models in biology should involve, at least, 
considering the purposes to which models are put, and how those purposes and the 
features of models vary among different subfields and research programs.  There 
may or may not be much found to be common among mathematical models, phys-
ical models, and computer simulations. Another prime emphasis should be the 
mechanics of abstraction and idealization, and the purposes to which these are put.  
As we saw in Section 3, the continued importance of simplified models of com-
plex phenomena is due, at least in part, to aims of biological explanations.  An in-
vestigation of the prominent methodological role of models will thus both necessi-
tate and further investigations of the role of explanation in biology.  

 

4.5 Suggestion 5: Emphasize methodological differences over 
seemingly ideological differences; teach that a plurality of 
approaches is here to stay 

This suggestion takes off from the considerations introduced toward the end of 
Section 3.  There I argued that a range of issues on which biologists have taken 
ideological positions—declaring that a research program is the basis of a success-
ful “worldview,” or should be taken on faith (or avoided for that reason), etc.—are 
more profitably considered to be methodological differences.  Commitments to 
different explanatory projects can lead to the endorsement of different background 
assumptions, abstractions, and idealizations, and hence differing views about the 
well-foundedness of various modeling approaches.  Emphasis in biology educa-
tion on how methodological differences arise in the field of biology would help 
the next generation of biologists avoid arguments over the primacy of one or an-
other approach, refocusing attention on careful development and critique of meth-
odology, etc.   
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The suggestion to emphasize methodological differences instead of ideological 
positions is an outgrowth of the first four suggestions made here.  Those sugges-
tions began with the idea that a monolithic picture of law-based explanation 
should be avoided (Suggestion 1), substituting in its place a critical analysis of the 
range of common forms of explanation in biology (Suggestion 2).  That analysis 
should resist the temptation to simplify the diversity of approaches to explanations 
or to minimize differences or seeming incompatibilities (Suggestion 3).  Careful 
attention to the features of biological explanations benefits from and reinforces 
consideration of the role of models in biology and their relationship to explana-
tions (Suggestion 4).  All of this arms the student of biology to interpret debates 
among biologists with an eye to the diversity of projects, and the diversity of 
methods they motivate (Suggestion 5).  A consequence of implementing these 
components in biology education is the lesson that a plurality of methods in biolo-
gy is here to stay.  
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Non-Causal Features of Causal Explanation

Angela Potochnik

Abstract

Causal accounts of scientific explanation are currently broadly accepted (though not

universally so). My first task in this paper is to show that, even for a causal approach to

explanation, significant features of explanatory practice are not determined by settling

how causal facts bear on the phenomenon to be explained. Some explanations that are

not patently causal are preferred over more overtly causal explanations; explanations

can vary even when the causes do not; and some causal factors do not explain their

effects. All of this suggests that providing causal information simpliciter cannot be

the only goal nor the only requirement of a scientific explanation. In the remainder

of the paper, I develop a broadly causal approach to explanation that accounts for

the additional features that I will argue an explanation should have. The resulting

approach to explanation accounts for several aspects of actual explanatory practice,

including the widespread use of equilibrium explanations, the formulation of distinct

explanations for a single event, and the relationship between explanations of events

and explanations of causal regularities.

1 Three Puzzles for Causal Explanation

Recent decades have witnessed the ascendancy of causal accounts of scientific explanation.

This is due in part to the broad acceptance of an “explanatory asymmetry” whereby

1



causes can explain their effects, but effects cannot explain their causes (Bromberger, 1966).

Famously, a flagpole’s height and the position of the sun can explain the length of the

flagpole’s shadow, but the shadow’s length and the sun’s position ordinarily cannot explain

the flagpole’s height. Woodward’s (2003) manipulationist approach to causal explanation is

held in high regard by many, and has contributed to the dominance of (a version of) the causal

account of explanation. Strevens’ (2009) more recent kairetic account is another notable

example of an approach to causal explanation. Finally, a causal approach to explanation

accords well with current interest in mechanistic explanation (e.g. Machamer et al., 2000,

Craver, 2006).

I suspect that causal explanation is at least a prominent subspecies of scientific

explanation, if not the only game in town. But I will not defend that view in this paper. I

simply assume that illuminating causal relationships is a key task of (many) explanations.

My aim is to show that, even for a causal approach to explanation, significant features

of explanatory practice are not determined by settling how the causal facts bear on the

phenomenon to be explained. Providing causal information cannot be the only goal nor the

only requirement of scientific explanation; other considerations determine important features

of scientific explanation.

I illustrate this with three puzzles. Versions of these puzzles are already addressed in parts

of the literature on scientific explanation, but their full significance for causal approaches

to explanation is not yet appreciated. What is puzzling is that, first, some explanations

that are not patently causal are nonetheless preferred over more overtly causal alternative

explanations; second, explanations can vary even when the causes are the same; and third,

some causal factors do not explain their effects.

Apparently Non-Causal Explanations

Why is the cup of coffee on my desk 70 degrees Fahrenheit? —because that is
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the ambient temperature of my office, and the coffee has been sitting there for

hours.

One challenge for any causal approach to explanation is to account for equilibrium

explanations like this one. Equilibrium explanations indicate the structural features of a

scenario that determine equilibrium or stasis conditions and the features that allowed the

system to reach the equilibrium conditions. This is a widely employed style of scientific

explanation. Examples include explanations of the outcomes of thermodynamic processes

that appeal to the ideal gas law; explanations of organisms’ traits that appeal to the selective

advantage conferred by the trait; and explanations in biology and the social sciences that

appeal to game theory. Any causal account of explanation that aspires to generality should

be able to accommodate this broadly employed style of explanation and, moreover, provide

principled reasons for the distinctive appeal of equilibrium explanations over alternative

explanations that are more straightforwardly causal.

Same Causes, Different Explanations

Why did the vervet monkey run up the tree? —because another vervet made an

alarm call.

Why didn’t it run under the brush instead? —because a snake was present, not

an eagle.

Why did it move at all, when it stayed still last time? —the vervet who raised

the alarm was an adult; last time, it was a young vervet whose call couldn’t yet

be trusted.

All of these are requests for explanations of a single explanandum, the proposition that a

vervet monkey scaled a tree (on a particular, if imagined, occasion). Nor is the causal process

in question: in this scenario, a fellow adult vervet saw a snake, made the “snake” alarm call;
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the focal vervet heard this call, correctly identified its source and content, and proceeded to

scale a tree. Yet the explanations provided all cite different causal factors. It is common

to account for this type of variation by appealing to the role of contrast classes: an event

is explained by different causal factors, depending upon what is taken to be the alternative,

non-occurrent event. For present purposes, the point is that some non-causal consideration

is at work, additionally shaping these causal explanations. A causal account of explanation

should provide a way to account for this variation in explanation that does not trace back

to variation in causation.

Apparently Non-Explanatory Causes

Why did Laura start to smoke cigarettes? —Laura has a variant at the BDNF

genetic locus that affects one’s response to social stress and can lead to smoking

initiation.

According to recent findings, certain variants at this BDNF genetic locus do exert a

significant effect on one’s propensity to smoke (Amos et al., 2010). However, though our

imagined Laura has one such variant, this is hardly a successful explanation of why she

started to smoke cigarettes. Too much is missing: perhaps that, as a teenage girl, she

is part of a demographic at particular risk of smoking initiation. Perhaps that she has a

troubled home life, poor school attendance, high risk-taking behavior. Perhaps that she

faced a particular source of stress immediately before smoking her first cigarette. Perhaps

simply that Laura lives in twenty-first century Unites States, a society where social stress

leads some to smoke. So, although this variant at the BDNF locus is a causal influence on

Laura’s initiation of smoking, it does not successfully explain her smoking, or at least not by

itself. To generalize: some causal information may not be sufficient to explain an event. Yet

it is impossible to cite all information about a causal process, since causal processes stretch

indefinitely far back into time and are often quite complex at any given stage. Accordingly,
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a causal account of explanation must provide a way to determine which causal factors must

be cited to achieve a satisfactory explanation. This shows that the simple imperative “cite

causes” is not enough.

These three puzzles demonstrate that, even for a causal approach to explanation,

significant features of explanatory practice are not determined by settling the causal facts. To

defend the idea that explanations cite causal information is an important part of developing

a causal account of explanation, but it is not the whole task. What accounts for the

appeal of equilibrium explanations over alternative explanations that describe the actual

causal process? What considerations determine which causal factors should be included in

an explanation? And, what properties must causal factors jointly have to constitute an

adequate explanation? In the remainder of this paper, I defend a broadly causal approach

to explanation that accounts for these three potentially puzzling features of explanation.

In the process, I argue that these are not merely secondary questions to be answered by

add-on components to a traditional causal account of explanation. Instead, their answers

yield insight into features that crucially shape how it is that science uses causes to explain.

2 Causal Patterns

Equilibrium explanations are recognized as a potential hurtle for a causal account of

explanation. Sober (1983) distinguishes equilibrium explanation from causal explanation,

and he defends the idea that an equilibrium explanation can generate more understanding of

an event, even though it says less about the event’s causes than a causal explanation would.

Woodward (2003) criticizes the causal mechanical model of explanation, viz. Salmon’s (1984)

view, for its inability to accommodate explanations that do not “trace causal processes,”

of which equilibrium explanations are one type. There are two issues here. The first is
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whether equilibrium explanations can (and should) be assimilated to a causal approach to

explanation. The second is whether a causal approach can account for the distinctive appeal

of explaining with equilibria.

Let us turn first to the question of whether equilibrium explanations should be considered

to be a type of causal explanation. Though equilibrium explanation is incompatible with

some conceptions of causal explanation, it can be accommodated by others. Woodward

(2003) claims this as an advantage of his manipulationist account of causal explanation—

he intends his view to apply to equilibrium explanations. Kuorikoski (2007) employs

Woodward’s manipulationist account to more fully defend equilibrium explanations as a

type of causal explanation, on the grounds that they capture causally relevant properties of

the system. Such explanations do not detail the causal process that led to the phenomenon

to be explained, but they are still rooted in causal relationships:

The explanatory dependencies captured by these models are not causal de-

pendencies between successive events, initial conditions and the end state, but

constitutive dependencies between properties of a system and their causal basis

(Kuorikoski, 2007, 156).

This suggests a broadened conception of causal explanation that accommodates explaining

with equilibria. On Kuorikoski’s view, explanatory information may include not just

information about a causal process leading to the phenomenon to be explained—“causal

dependencies between successive events”—but also the relationship between structural

features of the system and the phenomenon to be explained. Such information does

not describe a causal process, but it qualifies as a causal dependency on Woodward’s

manipulationist account of causation. An intervention on the cited structural properties

would shift the equilibrium value, and thus change the phenomenon to be explained, whereas

the relationship between the structural properties and equilibrium value is invariant across

changes to initial values. Put in terms of the example of the coffee on my desk, a change
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to the ambient temperature would change the drink’s equilibrium temperature, but the

relationship between room temperature and equilibrium drink temperature does not vary,

no matter whether my beverage is hot coffee or cold tea.

Notice that this way of assimilating equilibrium explanation to a causal account of

explanation has additional implications. The broadened conception of causal-explanatory

information sanctions explanations that are not straightforwardly causal, i.e., that do not

depict the causal process leading to the event to be explained, so long as they depict causally

relevant properties. Equilibrium explanations are but one class of such broadly causal

explanations; another is explaining a phenomenon by citing a causal regularity of which

it is an instance. Here is an example adapted from (Strevens, 2009). One may explain why

sodium dissolves easily in water by pointing out that sodium is an alkali metal, and that all

alkali metals have loosely bound outer electrons, which makes them prone to ionization. This

explanation appeals to a causal regularity embodied by a class of entities and points out that

the type of entity of interest is a member of that class. Such regularity explanations have

commonalities with alternative approaches to explanation, such as the unification account

(Kitcher, 1981).

Many causal regularities are not exceptionless; causal generalizations that have exceptions

further expand the possibilities for broadly causal explanation. For example, explaining the

pressure of a gas in a rigid container at room temperature by appealing to the ideal gas law

is an equilibrium explanation—and thus explains by depicting a causal dependency—even

though the ideal gas “law” holds only approximately, and breaks down in some conditions.

Woodward (2003) fully endorses the explanatory value of causal generalizations that are

limited in these ways. He argues that one of the primary advantages of his account of

explanation is that it still counts as explanatory those causal generalizations that are limited

in their scope and that hold only approximately.1

1This move to “broadly causal” explanations is different from the view that explanations cite causal laws
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This demonstrates how a range of generalizations about causal dependencies can be

deemed to be broadly causal explanations, and thus how equilibrium explanations and

causal regularity explanations, even those that are approximate and have exceptions, can

be assimilated to a causal approach to explanation. Woodward’s manipulationist account,

with its central concept of invariance, offers one analysis of how such generalizations

convey causal-explanatory information. I am not wedded to the specifics of Woodward’s

account of explanation, and I am less certain still of his associated account of causation.

But Woodward’s approach identifies what I think is a key feature of causal explanation:

explanations may not trace actual causal processes, e.g., understood in terms of Salmon’s

(1984) mark transmission or Dowe’s (2000) conserved quantities. Instead, broadly causal

explanations portray causal patterns, including patterns that are approximate and partial.

This view is further supported by the discussion that follows.

Let us now turn to the second question I raised at the beginning of this section: whether

it is possible for a causal approach to explanation to account for the distinctive appeal

of explanations that are only broadly causal, such as equilibrium explanations and causal

regularity explanations. At least sometimes, these broadly causal explanations are better

than explanations that trace the actual causal processes that led to the phenomenon to be

explained. Consider my initial example of an equilibrium explanation: explaining why the

cup of coffee on my desk is 70 degrees Fahrenheit with the information that my office is 70

degrees and that the drink has been there for hours. An alternative explanation could depict

features of the actual causal process by, e.g., specifying that the eight ounce coffee was 110

degrees Fahrenheit when placed in the 70 degree room four hours ago; how the processes

of evaporation, conduction, convection and radiation combined for a certain rate of heat

transfer; and how that rate and the relative masses and heat capacities of the substances

primarily because the former allows causal regularity explanations that are not exceptionless. The present
view also sanctions explanations that do not qualify as mechanistic explanations; an obvious example is
equilibrium explanations.
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involved resulted in the beverage cooling to 70 degrees well within four hours. I submit that

the equilibrium explanation for the beverage’s temperature is at least sometimes a better

explanation than the causal-process explanation. Another example is explaining why sodium

dissolves easily in water by referencing a general causal regularity. According to Strevens

(2009),

It is fine to explain sodium’s reactivity by pointing to the fact that all sodium

atoms have loosely bound outer electrons. But it is even better to point to the

fact that sodium is one of the alkali metals, and that all the alkali metals have

loosely bound outer electrons (245).

What could be said, from the perspective of a causal approach to explanation, to justify

the appeal of these explanations over explanations that trace the actual causal processes

responsible for the phenomena in question?

The answer lies, I think, in the ability of such explanations to depict causal patterns.

Causal patterns have two features that together constitute their power to explain: (1) they

depict causal properties of a system upon which the phenomenon to be explained depends,

and (2) they give information about the scope of that dependence. Equilibrium explanations

provide information about the scope of a causal regularity in virtue of their setup: equilibrium

models typically invoke the minimum assumptions required in order to generate the domain of

attraction. Thus the ideal gas law omits reference to intermolecular attraction; evolutionary

game theory models simply assume that a trait is heritable without indicating the exact

nature of genetic influence; and the equilibrium explanation of my coffee’s temperature

in terms of my office’s temperature did not indicate the beverage’s original temperature.

Employing minimum assumptions makes these models more tractable, and it facilitates their

application in any circumstances when the domain of attraction obtains. It also thereby

indicates the full range of circumstances in which the domain of attraction obtains, viz.,

gives information about the scope of the causal regularity in question. Explanations that
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reference a broad causal regularity, e.g., the loosely bound outer electrons of not just sodium

but all alkali metals, similarly indicate the full range of circumstances in which a causal

regularity obtains. Causal pattern explanations thus not only depict causal dependencies,

they also delimit the scope of the dependence.

The second feature, information about the scope of the causal dependence, can be lacking

from causal process explanations. Tracing the causal process that led to a phenomenon gives

information about causal properties upon which the phenomenon depends, but it may not

indicate anything about the circumstances in which the dependence holds. The more realistic

the representation of a causal process, the less information is communicated about how the

details of the process may vary without altering the causal dependency in question. Let me

be clear. I am not criticizing the use of explanations that exactly trace causal processes, nor

is my claim that such explanations never indicate the scope of dependence. As an illustration,

consider that some phenomena depend essentially on myriad factors, and a slightly change

to any one of them alters the phenomenon. In such scenarios, tracing the specific causal

process is the only explanation possible, and that explanation also accurately indicates the

(very narrow) scope of the dependence. My point is instead that, when explaining phenomena

for which an equilibrium explanation or other causal regularity explanation is available, one

mark in favor of this approach to explanation is its ability to indicate the scope of the causal

dependence in question.

Information about the scope of the causal dependence contributes to an explanation in

a number of ways. It provides information about the circumstances in which phenomena of

that type can be expected, such as the information that a beverage (in an open cup) will be

room temperature anytime it has sat undisturbed in the room for more than a few hours.

It relates the phenomenon in question to similar phenomena, such as today’s hot coffee and

yesterday’s cold tea both becoming room temperature. And it contributes to our store of

information about general causal regularities, such as the factors upon which heat transfer
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depends. None of these is accomplished by causal information alone; the scope of causal

dependence is also crucial information.

The explanatory value of information about what I am calling the scope of causal

dependence has been posited by a number of philosophers. Arguments for the value of high-

level explanations appeal to these explanations’ applicability in a range of circumstances

that have certain high-level properties in common (e.g. Putnam, 1975; Garfinkel, 1981;

Jackson and Pettit, 1992). Strevens (2009) urges that causal factors that do not truly

make a difference to a phenomenon be omitted from its explanation; to this end, he argues

that causal explanations should be as general as possible. Woodward’s (2003) account of

explanation is particularly valuable here as well: the concept of an intervention is intended

to identify causal dependencies, and the concept of invariance is intended to identify the

scope of those dependencies.

Assimilating equilibrium explanations to a causal approach to explanation thus leads

to the recognition of an important feature of causal explanation. The value of equilibrium

explanations and causal regularity explanations over causal-process explanations stems from

the former’s ability to portray a causal pattern. The explanatory value of causal patterns

consists in their ability to highlight a relationship of causal dependence, along with the scope

of that dependence. Causal-process explanations, in contrast, may fail to provide information

about the scope of the causal dependence, in which case their value as explanations is

diminished.

A further feature of this claim about the explanatory value of causal regularities requires

mention. Recall from above that many causal regularities—for instance, the ideal gas law—

are not exceptionless, so explanatory causal generalizations may hold only approximately.

This creates the possibility of a successful causal pattern explanation that accurately

indicates the scope of causal dependence but nonetheless omits significant causal influences.

Accordingly, there may be significant causal influences on a phenomenon that do not belong

11



in an explanation of that phenomenon. It follows that demonstrating that a factor is causally

relevant is not sufficient to prove its explanatory relevance. This view is in contrast to

accounts that aim to establish explanatory relevance solely on the basis of establishing causal

relevance, including (Woodward, 2003) and (Strevens, 2009). Features of this disconnect

between causal relevance and explanatory relevance will be explored in the next section.

3 The Principled Neglect of Causes

If §2 is right, then the class of potential causal explanations is greatly expanded. Included are

not only what one might term causal process explanations—explanations that trace the causal

process that led to the event in question—but also causal pattern explanations—explanations

that depict the relationship between structural features of the system and the event in

question, neglecting mention of any actual causal steps.2 Moreover, some causal pattern

explanations may omit significant causal or structural features, even at the price of allowing

some exceptions to the pattern. This plethora of potential causal explanations should bring

to mind the second puzzle from §1: a case in which one explanandum warrants different

explanations in different circumstances, even when the causal facts are not in dispute. In

the simple example I presented, the explanation for a vervet monkey scaling a tree was,

depending on the question posed, (a) that another vervet made an alarm call; (b) that there

was a snake present, not an eagle; and (c) that the vervet raising the alarm was an adult,

not a juvenile. Whatever may influence which of these explanations is called for, the work

is done by something other than the causal facts.

2This distinction between causal process explanations and causal patterns explanations is similar to
Dretske’s (2004) distinction between triggering and structuring causes, but there is an important difference.
Dretske’s triggering and structuring causes each may be part of the causal process that led to the event
to be explained, whereas causal pattern explanations cite features of the scenario that are not parts of the
causal process. For instance, the ideal gas law expresses a structural feature shared by a wide variety of
causal processes, including those with reverse causal dependencies, such as pressure causing a change in
temperature and temperature causing a change in pressure. It is at best strained to call the ideal gas law a
causal factor.
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My vervet monkey example is akin to examples used to motivate the view that

explanation is contrastive. Garfinkel (1981) claims that “explanation always takes place

relative to a background of alternatives,” and that what he terms “contrast spaces” are

needed to represent that relativity (25). On this view, the intended contrast with a

counterfactual state of affairs, whether explicit or implicit, determines which causal facts

belong in an explanation. Van Fraassen (1980) also advocates contrastive explanation, but

he argues that contrast classes are only one way that contextual factors influence what

information belongs in an explanation. Though I do not endorse the particulars of van

Fraassen’s account, he is right that the role of context extends beyond the selection of salient

alternatives. There is more to the non-causal features of explanation than contrast classes.

One way to establish this is simply with an example where the causal facts and the contrast

class are held fixed, but yet the best explanation seems to vary. Consider an explanation for

why a tablespoon of salt dissolved in a glass of water, rather than settling at the bottom (the

contrast class). The explanation advocated in the previous section (following Strevens, 2009)

is the causal regularity explanation that the sodium in the salt, like all alkali metals, has

loosely bound outer electrons and is therefore highly reactive. But this is a non-explanation

for a chemist who well knows the properties of sodium, but thought she was working with a

saturated sodium chloride solution. In that context, the best explanation will point to the

fact that the solution has been sitting in the sun, so has warmed to above room temperature,

and the saturation point has thus increased. In this simple example, the two explanations

direct attention to different aspects of the causal dependency, even though the explanandum,

causal facts, and contrast class are all the same.

A range of philosophers have acknowledged and addressed such contextual influences

on explanatory practice. However, such influences are often relegated to the category

“pragmatics of explanation,” and then either dismissed as beyond the scope of a core account

of explanation, or else treated as secondary, add-on features. This approach is often yoked
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to an ontological view of explanation, viz., that explanations are observer-independent facts,

out there in the world. Strevens’ (2009) account of explanation is a prime example.3 In my

view, this approach of dismissing contextual influences or treating them as add-on features

is doomed to fail. Almost all events result from a plethora of causal dependencies that, as

illustrated by §2, can be represented in a multitude of ways. Depicting the full gamut in

a single explanation is impossible. For one thing, causal processes stretch indefinitely far

back in time. A more interesting problem is that a choice must be made about how to

represent each causal dependency, and employing one representation often precludes others.

For instance, a single explanation must either represent a certain causal dependency in terms

of the structural features that determine the equilibrium point or in terms of a dynamic

causal process; each representation precludes the other.4 Because it is impossible to generate

an explanation untinged by representational choices, questions of representation cannot be

ignored or deferred. But how explanations should represent the causal dependencies at play

is influenced by context; consider again the example immediately above. In the common

explanation of salt dissolving in water, the (possibly unstated) assumption is simply that

the water is not already saturated; this is how the first explanation above represents the

water’s level of saturation. In contrast, the second explanation represents that saturation

level more precisely via the claim that the solution has dipped just below the saturation

point because of a temperature increase.

Thus, an analysis of the role of contextual influences is a crucial part of any account of

causal explanation, for the determination of how the causal structure should be represented—

and which features to represent—requires consideration of context. Happily, current

philosophy of science has the resources needed to accommodate this feature of explanation.

3See Potochnik (2011) for concerns about Strevens’ account of explanation that are related to the point
developed here.

4The former representation shows how certain structural features result in (or make very likely) a certain
outcome, whereas the latter representation traces the dynamics of the actual causal trajectory. The two
representations are fully distinct, and yet they represent the same segment of causal history.
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The place to look is recent treatments of strategic abstraction and idealization for purposes of

explanation. A number of philosophers have espoused versions of the view that explanations

can be improved by the incorporation of abstractions and idealizations, despite the resultant

decrease in representational accuracy (Batterman, 2002, 2009; Weisberg, 2007; Strevens,

2009; Bokulich, 2011). Weisberg (2007) terms this minimalist idealization, which he defines

as “the practice of constructing and studying theoretical models that include only the core

causal factors which give rise to a phenomenon.” This accords with the point established in

the previous section, namely that a causal explanation should depict a causal pattern—viz.,

a causal dependency along with the scope of the dependence.

As Batterman (2009) points out,

The world is constantly changing in myriads of ways; yet despite this, we see the

same patterns over and over again in different situations. Idealizing is a means for

focusing on exactly those features that are constitutive of the regularity—those

features that we see repeated at different times and in different places (430).

The incorporation of idealizations into explanations is justified by the isolation of a causal

pattern—Weisberg’s “core causal factors.” What, then, distinguishes the parts of a causal

process that constitute a pattern from the parts that are patternless change, to be idealized

away? The scope of causal dependence is certainly relevant; a causal dependence must be

sufficiently pattern-like in order to qualify as a causal regularity, after all. But recall from the

end of the previous section that many causal regularities hold only approximately, and thus

potentially omit significant causal influences. This makes it possible for one causal process

to embody multiple, distinct causal patterns. I postulate that our world is one in which this

scenario of causal processes in accord with multiple patterns, each admitting of exceptions,

is quite commonplace. For this reason, what is pattern-like, and thus explanatory, is

distinguished from non-central causal factors in part by the explainer’s agenda or, one might

say, the research program. A scientific research program is usually associated with the choice
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of focal phenomena; hypotheses about types of causal factors at work and/or similarities

with other phenomena; and a methodology, viz. a type of mathematical model, simulation,

or field work. The research program in which an explanation is formulated accounts for the

contextual influence identified above. An explanation of an event or phenomenon always

occurs in the context of some agenda, in a way that narrows the scope of investigation to

some segment of causal history and that brings certain types of causal relationships to the

fore.

The point of explanations that incorporate abstractions and idealizations is supposed to

be showcasing what has been termed variously the core causal factors (Weisberg, 2007), a

causal pattern (Batterman, 2009), the true difference-makers (Strevens, 2009), etc. Yet many

accounts of explanation have gone wrong or are lacking, due to a failure to accommodate

the essential role of a research agenda in deciding which causal factors (or, equivalently,

pattern) should be showcased in this way. Abstractions and idealizations stand in for causal

information, including information about significant causal influences, in order to enable the

representation of the focal causal factors as a modular, repeatable causal dependence.

To sum up, I postulate that we live in a world of complex causal processes occurring in

myriad permutations, but that nonetheless allow the discovery of patterns. A consequence of

the complexity is that many causal patterns are riddled with exceptions. Abstractions and

idealizations are introduced into explanations in order to showcase patterns and regularities,

even at the expense of neglecting other significant causal influences. Yet an explanation that

neglects significant causal influences cannot possibly be the single best causal explanation of

an event. Instead, any explanation is relative to the background research agenda, that is, to

what sort of causal regularities are of interest. Thus, there is always a third factor influencing

explanations, beyond the explanandum and the causal facts: the research program in which

the explanation is sought.5 Some of the research program’s influence may be conceived of

5Above I said that a research program is often associated with choice of focal phenomena, hypotheses
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in terms of contrast classes, i.e., what alternative to the explanandum is explored, but this

often will not exhaust the influence. The role of research programs in the formulation of

explanations is, ultimately, what enables the principled neglect of some causes from causal

explanations.

4 Attaining an Adequate Explanation

In the previous section I argued that any explanation is shaped in part by the research

program in which it is formulated, and that perfectly good causal explanations can and

should neglect some significant causal influences. Yet it seems equally clear that providing

any old causal information does not always generate an acceptable causal explanation. Recall

the third puzzle from above. That an imagined character Laura has a particular gene that

makes social stress more likely to induce smoking cigarettes is, by assumption, a true causal

fact. However, this information does not seem to explain why Laura began smoking, at least

not by itself. Too much is missing; this does not yet account for the difference between Laura

and nonsmokers (or a nonsmoking Laura). A causal explanation may fail if it does not give

the “right” causal information. The task, then, is to determine what criteria must be met in

order for causal information to qualify as an adequate explanation (of a given explanandum,

resulting from a given set of causal facts, and in a given research program).

The idea that explanations should capture causal patterns suggests one possible approach:

perhaps explanations should feature causal factors that have the most influence, while

ignoring those with a minor influence. This idea is suggested by Garfinkel (1981), for

one, who argues that explanations should feature causes that critically affect the outcome

and omit overly specific details. In a similar spirit, Strevens (2009) suggests that minor

about types of causes or similarities with other phenomena, and a methodology to be employed. Research
programs are also influenced by chance factors such as what equipment happens to be available and what
techniques and target systems the researcher happens to be familiar with (Rob Skipper, in conversation).
Such accidental circumstances thus also influence the explanations that are generated.
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causal influences, such as other planets’ contribution to Mars’ exact orbit, may not have any

explanatory role to play. But this approach faces a problem: sometimes, even oftentimes,

minor causal influences are center stage in the quest for scientific understanding, while

significant causal factors are relegated to the role of background conditions. The smoking

example used here is inspired by recent research into genetic influences on smoking behavior,

namely (Amos et al., 2010). The researchers identify distinct genetic influences on three

stages of smoking behavior: smoking initiation, current smoking, and smoking cessation. Yet

they also emphasize that these genetic factors are only one part of the story; neurobiological

and environmental influences are also significant. Even though the availability of tobacco

and social norms are highly influential causal variables (and acknowledged as such by Amos

et al.), the relatively minor effects of each genetic factor are the researchers’ focus.

Strevens (2009) suggests a distinct requirement that he thinks causal information should

meet in order to count as an explanation. He claims that, for any determined event,

an explanation must “causally entail” the explanandum. This means that, to be a full-

fledged explanation (of a determined event), a model must entail the explanandum, and

the entailment must proceed in a way that accurately represents the causal process that

in fact led to the event. This requirement imports some of the spirit of the classical

deductive-nomological approach to explanation into a causal account. However, even for

determined events, the requirement of causal entailment is too strong. Many of the most

enlightening causal patterns—the ideal gas law, predator-prey relationships, evolutionary

arms races, and X and Y chromosomes’ role in sex determination, to name a few— allow for

exceptions. Successful deterministic explanations can allow for exceptions and, moreover,

nondeterministic explanations can explain determined events. To require that any causal

explanation entail the explanandum would eliminate many of science’s most successful

explanations.

It seems, then, that relying on the strength of causal relationships to establish the minimal
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requirements for explanation cannot do the job properly, and nor can stipulating that an

explanation must entail the outcome to be explained. Yet both of the approaches are headed

in a promising direction, and their failures are instructive. Each is an interpretation of the

sensible requirement that an explanation should in fact account for, or be responsible for,

the occurrence of the event to be explained. The question is how best to formulate that

requirement.

As a first step, let us weaken Strevens’ requirement of causal entailment in a straight-

forward way that allows causal patterns that have exceptions to nonetheless qualify as

explanatory:

Pr(E|Cexpl) ≈ Pr(E|C) (1)

Here E is the event to be explained, Cexpl is the causal information comprising the

explanation, and C is the full causal history of E. In other words, an adequate explanation

of an event must provide causal information that accounts for the approximate probability

of the occurrence of that event, given all events in its causal history. It follows that, for

deterministic phenomena, an explanation should provide information that collectively entails

or renders highly probable the event to be explained. But this formulation of the requirement

serves equally well for non-determined events. For events that are truly probabilistic, an

explanation should provide information that renders the occurrence of the event roughly as

probable as it in fact was, given the full causal history.6

A couple of possible concerns with this basic approach can be averted by recalling

the goal of this requirement. The aim of this section is to establish a benchmark that

must be met by any adequate explanation, viz. the minimal standard causal information

must meet in order to qualify as an explanation. This requirement, which I will call

6Notice that the requirement that the probabilities in question be approximately equal is vague. This
is fitting, since it seems that the threshold of explanatory adequacy is also vague. Moreover, I expect the
degree to which Pr(E|Cexpl) must approximate Pr(E|C) may vary somewhat in different circumstances of
explanation. The degree of approximation required often allows for true causal influences of modest effect,
and possibly even moderate effect, to be neglected.

19



the requirement for explanatory adequacy, is thus not intended as a sufficient condition

for successful explanations, but only a necessary condition to be met by any satisfactory

explanation. This point will be further discussed below, after my suggested criterion for

explanatory adequacy is finalized. Also notice that the present requirement is in no way

expected to establish the true causal factors. However causes are to be distinguished from,

e.g., superseded would-be causes, that work is part of ascertaining the causal facts, which is

distinct from the project of this paper.

In its current formulation, the requirement for explanatory adequacy is not strong enough.

To see why, consider how to explain an event that corresponds to a widespread causal pattern

but with an unusual wrinkle. When I walk into the kitchen and flip the switch, the light

goes on. Consider, though, the time I walk in, flip the switch, and nothing happens because

the breaker is tripped. I then walk down to the basement, reset the breaker, and the light

goes on. One candidate explanation for why the kitchen light went on is that I flipped the

switch. This is indeed an essential part of the causal process leading to the light going on,

and the explanation meets the requirement (1). Yet it feels as if the explanation is lacking:

this time, the flipping of the switch does not in itself explain the light going on. There is

more that must be said. Formulating the requirement for explanatory adequacy as follows

disqualifies such explanations:

Pr(E|Cexpl) ≈ Pr(E|Cexpl&Ck) for all Ck (2)

The new term, Ck, stands for any subset of the events in E’s causal history. This ensures that

the explanation does not neglect to take into account—somehow or other—any causal factors

of monumental importance to the event to be explained. For the light switch example, the

requirement is not met for the Ck that includes the breaker tripping but not me subsequently

reseting it. (2) is the definitive version of the requirement for explanatory adequacy, which I
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dub [EA]. [EA] entails the previous formulation (1), for if an explanation renders an event

approximately as likely as it is when any combination of uncited factors are also taken into

account, then this also holds true when all uncited factors are taken into account.

The requirement [EA] has some similarities to the first proposal for explanatory adequacy

considered in this section, the popular idea that explanations should feature any causal

factors that have a great deal of influence over the outcome. The similarity is that, in order

to satisfy [EA], an explanation must take into account all causal factors with a significant

influence on the probability of the event’s occurrence. Yet two differences from the earlier

proposal deserve emphasis. First, [EA] does not require that minor causal influences be

omitted from an explanation. Sometimes minor causal influences are center stage in the

quest for understanding; the illustration used above is recent research into a variety of subtle

genetic influences on smoking behavior. When such minor influences are the research focus,

they may well be an important part of the explanatory causal pattern. Second, unlike

the first proposal considered in this section, the satisfaction of [EA] merely requires that

significant causal factors be somehow taken into account by an adequate explanation. This

need not involve explicitly citing, or representing, those factors. Significant causal factors

that are not central to the research program can still be set aside as advocated in §3, but their

influence must be acknowledged. Accounting for significant factors without focusing upon

them is made possible with the use of strategic abstractions and idealizations. Simplifying

assumptions can be used to bring an explanation into alignment with the totality of causal

facts, so that [EA] is satisfied.

An illustration is in order of how causal factors might be taken into account without

being explicitly cited or represented. For this purpose, consider again the simple equilibrium

explanation for my coffee’s temperature of 70 degrees Fahrenheit. As discussed in section

2, equilibrium models must include the assumptions needed to generate the domain of

attraction, that is, the range of conditions that would lead to the equilibrium value. For the
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coffee explanation, one of those assumptions is that the coffee is in a container that is not

well insulated.7 The explanation cites the facts that my office is 70 degrees and that the

coffee has been there for hours, and assumes that the coffee container is not well insulated,

thereby accounting for the causal factor of my coffee being in an open ceramic cup. Even

clearer examples can be drawn from equilibrium models actually employed in the sciences.

For instance, many evolutionary game theory models assume that the strategies under

investigation propagate to the degree of their success. This assumption is an idealization,

for it is, strictly speaking, false of genetically influenced traits. Instead, strategies in one

generation and the next share a common cause, namely genes that both influence the strategy

and propagate themselves. Nonetheless, the assumption of strategies propagating to the

degree of their success is a way of taking into account (without representing) the role of

genetic influence on the strategy and genetic transmission.

Now we can diagnose the failure of the example explanation. The variant Laura has at

the BDNF genetic locus is, in itself, not enough to explain her smoking initiation. The

causal role of that variant is highly sensitive to circumstances like social norms and tobacco

availability, and so the explanation fails to satisfy [EA]. Surely it is this sensitivity to other

factors that accounts for why the research inspiring my example begins by noting the range

of non-genetic influences on smoking behavior before focusing on genetic influences they

discovered (Amos et al., 2010). The requirement [EA] thus places a limit on the neglect of

causal influences in the pursuit of a causal-pattern explanation. A causal explanation must

account for all of the significant causal influences on an event, even those that are not central

to the patterns scientists are presently seeking to understand.

7An anonymous referee pointed this out.

22



5 Conclusions and Implications

The three puzzles for causal explanation with which we began are now resolved. Each solution

is consistent with a causal approach to explanation, but requires more than establishing

the causal facts. My aim has been to show that providing causal information simpliciter

cannot be the only goal nor the only requirement of a scientific explanation. In §2 I argued

that the goal of a causal explanation is to display a causal pattern or, equivalently, a

causal regularity. This results in the possibility and desirability of what I have termed

“broadly causal” explanations, which do not fully trace causal processes. This solves

the first puzzle: apparently non-causal equilibrium explanations count as broadly causal

explanations, valuable for their ability to highlight the scope of the causal patterns to which

they correspond. Then in §3, I argued that what causal pattern is explanatory depends on

the focus of the research program seeking the explanation. This leads to the neglect of some

significant causal factors, in the interest of portraying the focal causal pattern. This solves

the second puzzle: one event, resulting from a single causal process, may nonetheless be

explained in multiple distinct ways in the context of different research programs. Finally, in

§4 I argued that causal information must meet the requirement [EA] in order to qualify as

an adequate explanation. Explanations’ neglect of causal factors in order to represent causal

patterns of interest is thus reined in. This solves the third puzzle: sometimes citing true

causal facts is not sufficient to generate an explanation—too much is missing.

These elements combine to form the skeleton of a broadly causal account of explanation.

The best explanation of an event E will showcase the causal pattern responsible for E,

viz., a causal dependence and the scope of that dependence. More accurately, the best

explanation will showcase the causal pattern, involving the causal elements upon which

the current research program focuses, that is responsible for E. The satisfactoriness of an

explanation thus is indelibly linked to the research program in which it is formulated. It does
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not follow from this that any old just-so story can become an explanation. First, this account

of explanation assumes that a successful analysis of causation (which I in no way provide)

is used to establish the relevant causal facts. Only true causal influences can be part of a

causal explanation. Second, an explanatory causal pattern must, as I said, be responsible for

E. This means that an explanation must satisfy the requirement of explanatory adequacy,

[EA].

It is not the case that the observations about features of causal explanation defended in

this paper are mere secondary questions, to be answered (if at all) after a core, traditional

account of explanation is established. Instead, these observations yield insight into how

it is that science actually uses causes to explain. Appreciating the role of causal patterns

helps make sense of how giving causal information can generate understanding. The role of

causal patterns also shows that any causal approach to explanation must be broad enough to

accommodate equilibrium explanations and other causal regularity explanations. The role

of causal patterns and the related idea that any explanation is relative to particular research

interests resonates with actual scientific practice. Equilibrium explanations, for example,

are in widespread use, and explanations are regularly declared completed even though they

omit much causal history. Finally, the idea that explanations feature causal patterns of

interest for a broader research program connects event explanations to the explanation of

causal regularities and laws in a natural way. Both types of explanation occur in tandem.

The search for an understanding of causal regularities inspires and informs the search for

explanations of individual events. The event explanations generated by a successful research

program in turn inspire and inform explanations of causal regularities, surely one of the

paramount aims of science.
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Defusing Ideological Defenses in Biology

Angela Potochnik

Abstract

Ideological language is widespread in biology. Game theory has been defended

as a worldview; sexual selection theory has been criticized for what it posits as

basic to biological nature; and evolutionary developmental biology is advocated as

an alternative, not addition, to traditional evolutionary biology. Views like these

encourage the impression of ideological rift. I advocate an alternative interpretation,

whereby many disagreements between camps of biologists reflect unproblematic

methodological differences. This interpretation provides a more accurate and more

optimistic account of the state of play in the field of biology. It also helps diagnose

why biologists embrace ideological positions.

1 Ideology and Dissension in Theoretical Biology

In biology, proponents or critics of particular approaches are prone to making sweeping,

ideologically loaded claims. Construing differences in approach as a matter of fundamentally

opposed ideologies suggests that different research programs are incompatible, committed to

different views of biological reality and thus opposed methodologies. I witnessed one type

of result this construal can have a few years ago, when two biologists with different research

programs, addressing different types of phenomena, each volunteered an opinion of the other’s

work. In the view of Biologist A, Biologist B was “no longer doing biology.” Biologist B

1



independently offered the opinion that Biologist A was “not a colleague” of his/hers. Though

this was an extreme version of divisiveness, I have witnessed similar exchanges play out in

other groups of biologists, both in print and over dinner. Yet these same biologists collaborate

in a variety of ways. For instance, Biologists A and B have coauthored publications and

shared students. To my mind, this suggests that the presentation of such differences as

fundamentally opposed ideological commitments is ripe for reconsideration. Let us begin

by considering three examples of disagreements that have been construed as ideological in

nature.

Adaptationism and the Optimization Research Program Gould and Lewontin

(1979) ushered in an era of polarization in evolutionary biology between “adaptationists”

and their critics. In their highly influential paper, Gould and Lewontin explicitly cast the use

of optimization models as ideology. They coined an “-ism” for the optimization approach,

and they employed religious metaphors to characterize the view. Thus adaptationism “is

based on faith in the power of natural selection” and employs the “catechism” that genetic

drift is only important in unusual, unimportant circumstances. The adaptationist refuses

to credit other causes like drift with any real influence while “[congratulating her/himself]

for being such an undogmatic and ecumenical chap.” This construal saddles optimization

modeling, a methodology, with ideological baggage and then criticizes it as false dogma.

Some biologists disputed this ideological gloss of optimization modeling. Maynard Smith

(1982), for instance, claims that Gould and Lewontin’s point simply amounts to the

methodological corrective that optimization models should reflect constraints arising from

evolutionary influences besides natural selection. However, since Gould and Lewontin

(1979), a number of defenses of the optimization approach, and evolutionary game theory in

particular, have embraced the construal of their position as ideological. Grafen (1984) coined

the term “phenotypic gambit” to describe commitment to the optimization approach, which
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he acknowledges is a “leap of faith.” Mitchell and Valone (1990) endorse what they call

the “Optimization Research Program”, citing Lakatos’s view of research programs, the core

hypotheses of which adherents should protect from disconfirmation at all costs. Brown (2001)

accepts this construal and defends the Optimization Research Program as his “worldview”,

with game theory at its center.

This opposition was not always entrenched. In the same year that Gould and Lewontin

named and disparaged adaptationism, Lewontin mused that “the marriage of population

genetics and ecology was declared to be the social event of the season some years ago,

but it has so far been without issue and, in fact, has yet to be consummated” (1979,

p. 3). Roughgarden (1979) employed the same metaphor, blaming the failed marriage

between genetics and optimization not on ideological differences but culture: “although

both families agree that the marriage is advantageous, it is somewhat difficult to achieve

because of cultural differences between geneticists and ecologists” (p. 297). Earlier optimism

regarding combining the optimization approach of evolutionary ecology with population

genetics thus was abandoned, replaced by an enduring view of ideological differences between

methodologies.

Criticisms of Sexual Selection Theory Sexual selection theory is a well-developed set

of hypotheses for the role of selection in the evolution of a variety of sexual and reproductive

traits. In various species, males (and sometimes females) are expected to differ in their

mating success, which creates selection pressure for traits desirable to members of the

opposite sex. Thus the peacock’s long, colorful train is explained as the result of peahens

preferentially mating with comely trained peacocks, not any survival advantage conferred by

the trains. Traits classically explained as the result of sexual selection range from physical

traits, such as ornamentation, to behavioral traits like promiscuity or parental care. The

basic tenets of sexual selection theory are widely accepted in biology, and its hypotheses have
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been updated and fine-tuned to accommodate ever-expanding information about animals’

bodies and behavior.

Yet past decades have also seen a number of criticisms of sexual selection theory. Here

I will focus on arguments put forth by Roughgarden (2009). Roughgarden analyzes and

thoroughly rebuts a wide range of hypotheses about the evolution of sex, gender, and

reproductive behavior that, she argues, together compose sexual selection theory. In place

of each she suggests an alternative evolutionary hypothesis; these she groups together as her

proposed “social selection theory.” Roughgarden strongly resists the integration of these two

approaches. This is seen most clearly in an argument toward the end of her book. There

Roughgarden claims that she has shown that all 26 hypotheses she attributes to sexual

selection theory are false. She says,

Some feature common to all 26 propositions in sexual selection must exist to

explain why they are all incorrect at the same time. That features is that all 26

points derive from a common view of natural behavior predicated on selfishness,

deception, and genetic weeding (2009, p. 247).

In contrast, Roughgarden’s social selection theory posits “teamwork, honesty, and genetic

equality” (p. 247) and, as she puts it in the first sentence of the book, that kindness and

cooperation are “basic to biological nature” (p. 1). Roughgarden argues that sexual selection

theory as a whole has been “falsified,” and she advocates that all its elements be jettisoned

and replaced by social selection theory.

Evolutionary Developmental Biology Evolutionary developmental biology, frequently

referred to as “evo-devo,” is the subfield of biology devoted to studying the evolution of

developmental processes. Advocates of evo-devo do not view it simply as an extension of

evolutionary biology, but as a needed corrective to that field of research. Müller (2007)

contrasts evo-devo with the reigning Modern Synthesis, a synthesis of a number of subfields
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of biology in the early twentieth century, made possible by the development of population

genetics as a way to reconcile discrete Mendelian genetics and gradual evolution by natural

selection. According to Müller,

Whereas in the Modern Synthesis framework the burden of explanation rests on

the action of selection, with genetic variation representing the necessary boundary

condition, the evo-devo framework assigns much of the explanatory weight to

the generative properties of development, with natural selection providing the

boundary condition. When natural selection is a general boundary condition, the

specificity of the phenotypic outcome is determined by development. Thus, evo-

devo. . . posits that the causal basis for phenotypic form resides not in population

dynamics or, for that matter, in molecular evolution, but instead in the inherent

properties of evolving developmental systems (2007, p. 947).

This construes evo-devo not as a supplement to other approaches to evolutionary biology,

but as a replacement. The “explanatory weight” goes to development instead of natural

selection, for the causal basis for phenotypic form is evolving developmental systems, not

population dynamics. Carroll et al. (2004, p. 213) similarly claim that “regulatory evolution

is the creative force underlying morphological diversity across the evolutionary spectrum.”

According to Callebaut et al. (2007), evo-devo takes epigenetic considerations as “primordial

for the organismic perspective” (p. 41) and thus as providing a “truer picture of life on this

earth” (p. 62).

In each of these debates in biology, the options are presented as bipolar. Either you subscribe

to the Optimization Research Program as your worldview, or you reject it. Either you

jettison all of sexual selection theory, or else you commit to the sexual selectionist view of

the basics of biological nature. Either you endorse the evolution of developmental systems

as the sole causal basis of the evolution of form, or you unquestioningly uphold the tradition
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of the Modern Synthesis. The ideological tenor of these debates suggests that in each case

there is a rift in theory, that there is dispute regarding the basic understanding of these

types of phenomena. Here I develop an alternative interpretation, according to which these

disagreements and ones like them are more fruitfully seen as rooted in methodological, not

ideological, differences (§2). This methodological interpretation provides a more accurate

account of how the field of biology functions and a more optimistic take on the state of

play in the field. It also provides a diagnosis for why biologists tend to embrace polarized,

ideological positions (§3).

One clarification is in order before I continue. When I say that these debates in biology

are ideological, I do not mean that biologists’ positions in the debates are influenced by

social values. Other research demonstrates that this frequently is the case; Richardson

(1984), for instance, discusses how two of my examples here—game theory and social

selection theory—reflect social ideology. Though I do not disagree with this claim, it is

not the focus of this paper. What I intend to convey by labeling these disagreements

ideological is that they are construed as fundamental to the domain under investigation,

not straightforwardly empirically decidable, and adherence to one side or the other is taken

to be a total commitment.

2 Distinguishing Idealizations from Ideology

There is room for an alternative interpretation of debates in theoretical biology like those

surveyed above, despite their ideological tenor. The starting point is philosophical treatments

of the role of modeling in science. The scientific practices that have been termed “model-

based science” account for the persistence of multiple modeling approaches (e.g. Godfrey-

Smith, 2006; Weisberg, 2006). On this view, idealized models represent targeted features of a

system, at the expense of misrepresenting other features. Different modeling approaches thus
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can seem to be incompatible, for they employ different parameters and opposed assumptions.

However, the exact opposite is true. The limitations of idealized models make the use

of multiple approaches essential. Taking to heart the idea that models provide a limited

representation of only targeted features of a phenomenon makes clear that no single modeling

approach offers an exhaustive, fully accurate account of any phenomenon.

This view of model-based science enables an interpretation of seemingly ideological

debates in biology as methodological at root. Despite the rhetoric biologists often employ,

the question to ask about apparently competing modeling approaches is not which grounds

a more successful worldview, but which method better serves one’s present research aims.

Several aspects of this shift are important. The methodological interpretation makes

explicit that proposed modeling approaches should be primarily evaluated not according to

universal ontological considerations—what the world is posited to be like—but considerations

of method, especially representational capacity. The evaluation is thus not an absolute

judgment, but is contingent on the aims of representation for the research program at hand.

This means that different methods may very well be called for in different circumstances,

and so a variety of approaches may be warranted. The key features of this interpretation

of debates in biology are thus (1) the resolution depends on evaluation of methodology; (2)

choice of approach is contingent on research aims; and (3) multiple approaches can coexist

without difficulty.

Let us reexamine the three debates from above in light of this methodological interpre-

tation. Although criticisms and defenses of the optimization approach alike have construed

the approach as a commitment to a worldview, or a matter of faith, another construal is

available. Maynard Smith (1982), for one, attempts to refocus the debate on methodology.

This is a more defensible position and as strong a defense as optimization and evolutionary

game theory, taken as modeling approaches, require. Biologists know too much about other,

nonselective influences on evolution to subscribe to the notion that selection is generally the
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only evolutionary influence. To say that it is often the only important influence, as some

have done, is just to declare a preference for tracking that causal process over others. It

is more straightforward and more promising to instead defend optimization as simply one

modeling approach among many in biology, each with a specific representational focus and

delimited range of application.

Mitchell and Valone (1990) represent the debate over the use of game theory as a

choice between embracing either the assumptions of evolutionary game theory or those of

quantitative genetics, but this is wrong. Certain assumptions of each of these modeling

approaches are undeniably idealized, and there are just as obvious limitations to each

approach’s range of applicability (Potochnik, 2010). These considerations indicate that game

theory and quantitative genetics are both motivated by specific, and limited, representational

goals. Each facilitates the faithful representation of some features of some types of

evolutionary scenarios. It follows that neither set of assumptions is sufficient for all projects

in population biology, which is why both approaches persist. Thus the methodological

defense better accounts for how game theory is employed in population biology than does

the ideological defense.

The ideological tenor of Roughgarden’s (2009) criticisms of sexual selection theory plays

an important role for her argument. Advocating the rejection of sexual selection theory

in its entirety draws attention to assumptions shared by many specific hypotheses of the

theory, such as competition between the two sexes and the default traits of each, and the

regards in which those assumptions are problematic. However, Roughgarden’s criticisms

could be reformulated as methodological and this role still accomplished. This alternative

strategy would be to point out the range of phenomena treated by sexual selection models,

and the assumptions/idealizations those models share. This would set up the contrast with

Roughgarden’s social selection theory, which groups a different range of phenomena and

employs different assumptions about the systems under investigation. For instance, whereas
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sexual selection theory addresses scenarios where one sex competes for mating opportunities

with the other sex, social selection theory addresses scenarios where outcomes/selection

effects are mediated by social interactions. These groupings of evolutionary phenomena

overlap partially, but not entirely. And, whereas sexual selection theory assumes that the

best outcomes for members of opposite sexes are generally opposed, social selection theory

assumes that a mutually beneficial outcome is within evolutionary reach.

An advantage of this methodological version of Roughgarden’s criticisms is that it would

provide a less polarizing introduction to the many distinct positive views she advocates,

including the alternative modeling techniques she suggests (Potochnik, 2012). As things

stand, Roughgarden’s suggestions for modeling approaches have been lumped together with

her complete rejection of sexual selection theory and her alternative, controversial social

selection hypotheses, and then dismissed by many, seemingly out of hand (e.g. Kavenagh,

2006). Yet this need not be so. Roughgarden’s suggestions for modeling behavioral

evolution, which emphasize malleable selection effects due to influences like negotiation and

punishment, are logically independent from her specific hypotheses regarding the evolution

of traits related to sex, gender, and reproduction. A methodological, instead of ideological,

approach at once supports Roughgarden’s criticisms of the background assumptions shared

by many sexual selection hypotheses, and also renders her various ideas separable, and thus

palatable to a broader group of biologists.

Evolutionary developmental biology is an important field of research, shedding light on

an important type of evolution previously neglected by mainstream evolutionary biology. Its

focus is how systems of development have evolved, sometimes giving rise to novel features of

organisms. To neglect the influence of development on evolved traits and how processes of

development have themselves evolved is to ignore an essential element of evolution. Yet the

idea voiced by advocates of evo-devo that developmental systems are the sole causal basis for

phenotypic form, and that natural selection is merely a “boundary condition” (Müller, 2007),
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is going too far in the opposite direction. Evolution is an incredibly complex, prolonged

process, with a variety of important causal influences that combine and interact in myriad

ways. Evo-devo draws attention to one set of causal influences, and how they interact with

selection. This may tell an important, even crucial, part of the evolutionary story, but it does

not replace the existing story. Shifting from an ideological to a methodological tenor thus

would be a valuable change for advocates of an evo-devo approach. As with the earlier two

examples, evo-devo can be motivated more effectively when practitioners of other methods

are not asked to declare a new worldview.

These examples of disagreements about biology thus can be profitably interpreted as

rooted in methodological differences, despite the tendency of many biologists to construe

the differences as ideological in nature. The same is true for other debates in biology

that are similarly structured. On the methodological interpretation of such disagreements,

competing approaches should be evaluated not according to which is true, or the basis of a

successful worldview, but which features of the system are focal, and which approach better

represents those features. It is important to note that, on this methodological interpretation,

there still may be disagreements about matters of fact. For instance, two biologists may

well disagree on whether natural selection is a significant causal factor in the evolution

of a particular trait. The difference is that, on the methodological interpretation, such

disagreements do not amount to universal commitments, and they are not the only reason

for variation among biologists’ methods. The methodological interpretation of disagreements

in theoretical biology keeps modeling aims and limitations at center stage, which will result

in the evaluation of an approach being contingent on the aims of research, and the likelihood

of the coexistence of multiple approaches in a stable area of research.
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3 Normal Science with a Twist

Features of this methodological interpretation of debates in biology can actually help account

for why biologists on each side of these issues tend to embrace polarized, ideological

positions. In the section above, I suggested that research programs within biology differ

in ways that warrant employing certain modeling approaches and not others. For central as

well as accidental reasons, participants in different research programs focus on different

phenomena; are acquainted with different bodies of past research; and even may have

familiarity with different varieties of organisms. This means that advocates and critics

of a modeling approach address that approach from different locations, for they often differ

in both interests and expertise. Such differences can easily lead to disagreements about the

commonness of types of phenomena and the significance of causal patterns. Those engaged

in optimization research are well familiar with the successes of optimal foraging theory, and

they dismiss the overdominance of malaria-resistance as an uncommon if not unique genetic

situation. Roughgarden’s hypotheses lead her to focus on animal species with extensive social

interactions, such as shared care of young or collective hunting. And evo-devo theorists are

well familiar with the evolution of limbs.

Another ingredient of ideological stances in theoretical biology is an implicit commitment

to the existence of simple causal processes with broad domains of application. A tacit belief

in such “magic bullet” causes enables differences in focus and expertise among researchers

to be interpreted as commitments to different causes. If it is agreed that most phenomena

are influenced by a vast array of causal factors, then researchers’ differences are naturally

understood to arise from difference in focus, not difference in worldview. In this case, the

claim that certain features of the evolutionary process are more important is reduced to the

claim that some are worthier of investigation than others. Put this way, it is not an empirical

claim, but merely a statement of research interests (see Godfrey-Smith (2001) on this point
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regarding adaptationism in particular).

This account of how ideological positions in theoretical biology arise in a sense explains

away such ideological tendencies. Yet I should emphasize that the posited account attributes

more significance to ideological positions than, say, the idea that these stances are simply

adopted as a way to increase recognition or funding. In my view, standoffs between opposed

ideological positions indicate something important about the field of population biology.

That there are such entrenched proponents and opponents to different methods indicates

that a variety of modeling approaches have some purchase on the evolutionary process. In

my view, this reflects the complex causal processes at work in evolutionary phenomena, and

the endless variety in how causal factors combine and interact. There are evolved traits like

foraging behavior that optimization analysis readily predicts; those like sickled red blood

cells with which it can get nowhere; and a whole range of intermediate traits for which it is

partially successful insofar as it represents the causal contribution of natural selection, which

may be just one causal influence among many. The causal influences on social behavior in

animals are likely as diverse as the behaviors themselves, so there is room for sexual selection

theory’s success with some behaviors and failure with others. Development and evolution are

both without question causal influences on organisms’ traits; how these influences interact

is just as certain to be highly variable.

Recasting ideological differences into methodological differences also grounds a more

optimistic interpretation of the current state of play in population biology. The diversity of

approaches does not stem from a clash of worldviews, and so population biology is not in

a state of crisis from which one research program will emerge triumphant. Instead, strong

ideological differences persist within a basically functional field of research. This will continue

to be the case so long as different methodologies are useful in different research programs.

So, then, why does the main point of this paper matter? If ideological differences

are consistent with a fully functional field of science, why concern oneself with the
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reinterpretation I suggest? In my view, were more biologists and philosophers of biology to

embrace this interpretation of their commitment to their favored modeling approaches, real,

advantageous consequences would result. Most basically, less attention would be devoted to

unnecessary arguments that are, as it turns out, about preferred phenomena and modeling

approaches of choice. A prime example is the decades of continuing debate in philosophy

of biology over adaptationism, when optimization approaches can instead be motivated on

much more modest grounds (Potochnik, 2009).

Adopting the methodological interpretation would also promote cooperation among those

who continue to have substantive disagreements about biology. Instead of becoming mired

in ideological impasse, focusing on modeling approaches allows communication and progress

in spite of different views about how the models apply to the real world. Godfrey-Smith

claims that,

When much day-to-day discussion is about model systems, disagreement about

the nature of a target system is less able to impede communication. The model

acts as a buffer, enabling communication and cooperative work across scientists

who have different commitments about the target system (2006, p. 739).

On this view, even continuing disagreements about evolutionary phenomena need not hinder

cooperative work on features of models. If all parties can, at least temporarily, set aside

differences in commitment to broad theses of causal importance, they can further joint

understanding of models’ inner workings and conditions of their application.

Finally, the refocus facilitated by a shift to the methodological interpretation of disputes

in biology creates more room for activities of significance for theoretical biology and the

philosophical analysis of biology. Recognition of the viability of a range of modeling

approaches and the related idea of complex and variable causal processes should lead to

a diminished focus on isolated, illustrative applications of a type of model. This should be

replaced by an increased focus on determining the range of and conditions for a modeling

13



approach’s applicability, as well as increased attention to the interplay among multiple

causal influences. For philosophers of science, the lesson is to expect a continual plurality of

methods in population biology—methods that can appear contradictory—and to take with

a grain of salt any biologist’s claim that one or another approach is the key to understanding

evolutionary biology.
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I.	  Taft	  Conference	  Proposal	  Cover	  Sheet	  
	  
	  
1.	  Conference	  Title:	  	  Socially	  Engaged	  Philosophy	  of	  Science	  
	  
	  
2.	  Beginning	  and	  Ending	  Dates:	  	  October	  11-‐13,	  2012	  
	  
	  
3.	  Conference	  Chair/Director	  
	  
Angela	  Potochnik,	  Assistant	  Professor	  
Department	  of	  Philosophy	  
206C	  McMicken	  Hall	  
University	  of	  Cincinnati	  
Cincinnati,	  OH	  45221-‐0374	  

	  
(o)	  (513)	  556-‐6324	  
(m)	  (650)	  823-‐0227	  
(f)	  (513)	  556-‐2939	  
angela.potochnik@uc.edu	  
	  
	  
4.	  Budgetary	  Summary	  
	  
A.	  Taft	  Conference	  Share:	  $9,000	  
B.	  Other	   Funding:	   $9,000	   -‐	   from	   the	  Department	   of	   Philosophy	   and	  other	   sources	   (to	   be	  
determined;	  see	  item	  5)	  
	  
Subtotal:	  $18,000	  
	  
	  
5.	   Cosponsors	  &	  Other	   Funding	   Sources:	   	   None	   confirmed,	   but	   currently	   investigating	  
possible	  sources	  of	  supplementary	  funding	  
	  
	  
6.	  Requested	  Taft	  Support:	  $9,000	  
	  
	  
7.	  Location	  of	  Events	  (dates	  and	  times):	  	  University	  of	  Cincinnati	  campus,	  Cincinnati,	  OH	  
	  
	  
8.	  Taft	  Disciplines:	  	  Philosophy;	  we	  also	  anticipate	  drawing	  attendants	  from,	  at	  least,	  	  
Anthropology,	  Economics,	  Political	  Science,	  Sociology,	  and	  Women’s,	  Gender,	  and	  Sexuality	  
Studies.	  	  	  



 

9.	  Invited	  Conference	  Participants	  
	  

The	  nine	  scholars	  listed	  below	  have	  all	  been	  invited	  to	  speak	  at	  the	  proposed	  conference,	  
Socially	   Engaged	   Philosophy	   of	   Science,	   and	   all	   have	   expressed	   interest	   in	   participating.	  
These	   philosophers	   are	   all	   well	   known	   for	   their	   work	   in	   philosophy	   of	   science.	   In	  
particular,	  each	  has	  produced	  influential	  work	  that	  has	  increased	  the	  profile	  of	  philosophy	  
of	  science	  as	  a	  socially	  relevant	  discipline.	  Taken	  together,	  this	  list	  comprises	  a	  preeminent	  
group	   of	   scholars	   whose	   work	   attracts	   attention	   within	   the	   discipline	   of	   philosophy,	   in	  
other	  academic	  fields,	  and	  in	  the	  popular	  media.	  	  	  	  
	  
	  
John	  Beatty,	  Professor	  of	  Philosophy,	  University	  of	  British	  Columbia.	  Plenary	  Speaker.	  

	  
John	  Beatty	  teaches	  history	  and	  philosophy	  of	  science,	  and	  social	  and	  political	  philosophy,	  
in	   the	  Department	   of	   Philosophy	   at	   the	  University	   of	   British	   Columbia	   in	   Vancouver.	  His	  
research	   focuses	   on	   the	   theoretical	   foundations,	   methodology,	   and	   socio-‐political	  
dimensions	   of	   genetics	   and	   evolutionary	   biology.	   His	   current	   research	   projects	   concern	  
more	   specifically:	   1)	   the	  distinction	  between	   "history"	   and	   "science,"	   and	   the	   respects	   in	  
which	  evolutionary	  biology	   is	  as	  much	   like	   the	   former	  as	   it	   is	   like	   the	   latter,	  2)	   changing	  
views	   of	   contingency	   and	   necessity	   in	   the	   Darwinian	   Revolution,	   3)	   the	   relationships	  
between	   biology	   and	   "the	   state,"	   from	   the	   Manhattan	   Project	   to	   the	   Human	   Genome	  
Project,	  and	  4)	  issues	  concerning	  the	  nature	  of	  scientific	  "authority."	  He	  is	  the	  coauthor	  of	  
The	   Empire	   of	   Chance:	   How	   Probability	   Changed	   Science	   and	   Everyday	   Life	   (Cambridge	  
University	   Press).	  He	   co-‐directs	   the	   annual	  MBL	   Seminar	   in	   the	  History	   of	   Biology.	  He	   is	  
also	  a	  Fellow	  of	  the	  American	  Association	  for	  the	  Advancement	  of	  Science.	  (UBC	  website)	  

	  
	  

Heather	   Douglas,	  Waterloo	   Chair	   in	   Science	   and	   Society,	   University	   of	   Waterloo.	   Plenary	  
Speaker.	  

	  
Heather	   Douglas	   currently	   works	   on	   the	   weight	   of	   evidence	   problem	   (how	   to	   weigh	  
complex	   sets	   of	   evidence	   from	   multiple	   disciplines	   for	   use	   in	   the	   policy	   process),	  
developing	  an	  explanatory	  approach	  and	  comparing	  it	  to	  other	  approaches.	  In	  general,	  her	  
research	   centers	   on	   the	   use	   of	   science	   in	   policy-‐making.	  	   This	   includes	   not	   only	   how	   to	  
conceptualize	   that	   process,	   but	   also	   what	   the	   involvement	   of	   science	   in	   policy-‐making	  
means	   for	   our	   understanding	   of	   science,	   for	   the	   role	   of	   values	   in	   science,	   for	   the	  moral	  
responsibilities	  of	  scientists,	  and	  for	  the	  nature	  of	  scientific	  objectivity.	  	  Finally,	  Professor	  
Douglas	  is	  interested	  in	  the	  development	  of	  philosophy	  of	  science	  in	  the	  twentieth	  century,	  
particularly	  in	  the	  crucible	  of	  the	  cold	  war.	  (Pitt	  website)	  

	  
	  
Kevin	   Elliott,	   Associate	   Professor	   of	   Philosophy,	   University	   of	   South	   Carolina.	   Plenary	  
Speaker.	  

	  
Kevin	  Elliott	   is	  an	  Assistant	  Professor	   in	   the	  Department	  of	  Philosophy	  and	  a	  member	  of	  
the	  Nanocenter	  at	  the	  University	  of	  South	  Carolina.	  	  Two	  areas	  of	  his	  research	  are	  directed	  



 

especially	   at	   biomedical	   issues:	   (1)	   investigation	  of	   the	   role	   and	   significance	  of	   values	   in	  
scientific	   research,	   including	   implications	   for	   responding	   to	   conflicts	   of	   interest,	  
disseminating	   controversial	   research	   results,	   and	   incorporating	   public	   involvement	   in	  
science	  policy;	  and	  (2)	  analysis	  of	  the	  moral	  status	  of	  the	  human	  embryo,	  especially	  in	  light	  
of	   biological	   and	  philosophical	   studies	   of	   development.	   	  He	   focuses	  much	  of	   his	  work	   on	  
case	   studies	   associated	   with	   pollution	   and	   public-‐health	   research:	   endocrine	   disruption,	  
hormesis,	   multiple	   chemical	   sensitivity,	   and	   nanotoxicology.	  	   He	   also	   works	   on	  
environmental	  philosophy	  and	  on	   studying	   the	  process	  of	   scientific	  discovery.	   	  Professor	  
Elliott	   recently	   published	   a	   book	   titled	  Is	   a	   Little	   Pollution	   Good	   for	   You?	   Incorporating	  
Societal	   Values	   in	   Environmental	   Research.	  	   The	   book	   explores	   the	   range	   of	   ways	   that	  
powerful	   interest	   groups	   influence	   environmental	   research	   in	   ways	   that	   serve	   their	  
interests.	  	  It	  also	  considers	  strategies	  for	  making	  these	  studies	  more	  responsive	  to	  a	  range	  
of	   societal	   concerns.	  	   Elliott	   is	   co-‐PI	   on	   a	   grant	   from	   the	  National	   Science	   Foundation	   to	  
compare	  expert	  and	  public	  perceptions	  of	   the	  risks	  posed	  by	  nanomaterials.	  	  He	  has	  also	  
lectured	  for	  the	  South	  Carolina	  Citizens’	  Schools	  on	  the	  Environment	  and	  on	  Hydrogen	  and	  
Fuel	   Cell	   Technology.	  	   He	   is	   currently	   working	   with	   community	   members,	   USC	   Honors	  
College	  students,	  and	  his	  undergraduate	  Ethics	  of	  Food	  class	  to	  develop	  a	  Plant	  a	  Row	  for	  
the	  Hungry	  gardening	  campaign	  in	  Columbia.	  (USC	  Center	  for	  Bioethics	  website)	  
	  
	  
Janet	  Kourany,	  Professor	  of	  Philosophy,	  University	  of	  Notre	  Dame.	  Plenary	  Speaker.	  	  
	  
Janet	  Kourany	  received	  her	  Ph.D.	  in	  Philosophy	  from	  Columbia	  University.	  She	  is	  currently	  
an	  Associate	  Professor	  of	  Philosophy	  as	  well	   as	  a	  Fellow	  of	   the	  Reilly	  Center	   for	  Science,	  
Technology,	  and	  Values	  at	  the	  University	  of	  Notre	  Dame,	  where	  she	  teaches	  philosophy	  of	  
science,	   science	   and	   social	   values,	   and	   philosophy	   of	   feminism.	   Her	   publications	   include	  
The	  Gender	   of	   Science	   (2002),	   Feminist	   Philosophies	   (1992,	   1999),	   Scientific	  Knowledge	  
(1987,	  1998),	  and	  Philosophy	  in	  a	  Feminist	  Voice	  (1998).	  She	  recently	  published	  the	  book	  
Philosophy	  of	  Science	  after	  Feminism	  (2010),	  which	  argues	  for	  a	  philosophy	  of	  science	  more	  
socially	   engaged	   and	   socially	   responsible	   than	   the	   philosophy	   of	   science	   we	   have	   now.	  
Kourany’s	  way	   of	   approaching	   science	   differs	   from	  mainstream	  philosophy	   of	   science	   in	  
two	  crucial	  respects:	  it	  locates	  science	  within	  its	  wider	  societal	  context	  rather	  than	  treating	  
science	  as	  if	  it	  existed	  in	  a	  social,	  political,	  and	  economic	  vacuum;	  and	  it	  points	  the	  way	  to	  a	  
more	  comprehensive	  understanding	  of	  scientific	  rationality,	  one	  that	  integrates	  the	  ethical	  
with	  the	  epistemic.	  (From	  Notre	  Dame	  Website	  and	  2010	  book	  summary)	  
	  
	  
Helen	  Longino,	  Clarence	   Irving	  Lewis	  Professor	  of	  Philosophy,	  Stanford	  University.	  Keynote	  
Speaker.	  
	  
Helen	  Longino	  earned	  her	  PhD	   from	  Johns	  Hopkins	  University	  in	  Baltimore,	  Maryland.	   In	  
her	   first	   book,	  Science	   as	   Social	   Knowledge	  (1990),	   Longino	   argues	   for	   the	   relevance	   of	  
social	  values,	  or	  values	  which	  are	  part	  of	  the	  human	  context	  of	  science,	  to	  the	  justification	  
of	   scientific	   knowledge	   as	  objective.	   Longino's	   more	   recent	   book,	  The	   Fate	   of	  
Knowledge	  (2002),	   explores	   the	   critique	   of	   science	   and	  philosophy	   of	  
science	  from	  sociology	   of	   science.	   Other	   relevant	   recent	   publications	   include	   “Wither	  



 

Philosophy	   of	   Science?”	   (2005)	   and	   “The	   Social	   Dimensions	   of	   Scientific	   Knowledge”	  
(2009).	  	  (Wikipedia	  and	  PhilPapers)	  
	  
	  
Jane	  Maienschein,	  Professor	  of	  History	  and	  Philosophy	  of	  Science,	  Arizona	  State	  University,	  
Plenary	  Speaker.	  	  
	  
Jane	  Maienschein	   specializes	   in	   the	   history	   and	   philosophy	   of	   biology	   and	   the	   way	   that	  
biology,	  bioethics,	  and	  biopolicy	  play	  out	   in	  society.	  Focusing	  on	  research	   in	  embryology,	  
genetics,	  and	  cytology,	  Dr.	  Maienschein	  combines	  detailed	  analysis	  of	   the	  epistemological	  
standards,	   theories,	   laboratory	   practices	   and	   experimental	   approaches	  with	   study	   of	   the	  
people,	   institutions,	   and	   changing	   social,	   political,	   and	   legal	   context	   in	   which	   science	  
thrives.	   She	   loves	   teaching	   and	   is	   committed	   to	   public	   education	   about	   biology	   and	   its	  
human	  dimensions.	  Jane	  Maienschein	  has	  received	  numerous	  faculty	  and	  teaching	  awards,	  
including	   the	   2000	   Parents	   Association	   Professor	   of	   the	   Year	   Chair	   and	   a	   Regents’	  
Professorship	  in	  2002.	  Relevant	  publications	  include	  Biology	  and	  the	  Foundations	  of	  Ethics	  
(1999),	  and	  her	  book	  Whose	  View	  of	  Life?	  Embryos,	  Cloning,	  and	  Stem	  Cells	  (2005).	  (ASU	  
website)	  
	  
	  
Sandra	   Mitchell,	   Professor	   of	   Philosophy	   of	   Science,	   University	   of	   Pittsburgh.	   Plenary	  
Speaker.	  
	  
Sandra	  Mitchell’s	  research	  is	  on	  epistemological	  and	  metaphysical	  issues	  in	  the	  philosophy	  
of	  science.	  Her	  interests	  have	  centered	  on	  scientific	  explanations	  of	  complex	  behavior,	  and	  
how	   we	   might	   best	   represent	   multi-‐level,	   multi-‐component	   complex	   systems.	   She	   has	  
published	   articles	   on	   functional	   explanation,	   units	   of	   selection	   in	   evolutionary	   biology,	  
sociobiology,	   biological	   complexity	   and	   self-‐organization,	   and	   scientific	   laws.	   Current	  
interests	  include	  emergence,	  the	  methodological	  consequences	  of	  biological	  robustness	  and	  
problems	   in	   representing	   deep	   uncertainty	   for	   policy	   decisions.	   Professor	  Mitchell	   is	   co-‐
editor	   of	  Human	   by	   Nature:	   Between	   Biology	   and	   the	   Social	   Sciences	  (1997)	   and	  Ceteris	  
Parisbus	   Laws	  	   (2002),	   and	   author	   of	  Biological	   Complexity	   and	   Integrative	   Pluralism	  
(Cambridge	  University	  Press,	  2003),	  Komplexitäten:	  Warum	  wir	  erst	  anfangen	  die	  Welt	  zu	  
verstehen	  (Suhrkamp	   Verlag,	   2008)	   and	   (a	   revised	   English	   version)	  Unsimple	   Truths:	  
Science,	  Complexity	  and	  Policy	  (University	  of	  Chicago	  Press,	  2009).	  (Pitt	  website)	  
	  
	  
Margaret	  Morrison,	  Professor	  of	  Philosophy,	  University	  of	  Toronto.	  Plenary	  Speaker.	  
	  
Margaret	  Morrison	   is	   a	   professor	   of	   philosophy	  with	   research	   interests	   in	   Philosophy	  of	  
science,	  history	  and	  philosophy	  of	  biology,	  and	  history	  of	  physics.	  She	  is	  the	  author	  of	  the	  
book	   Unifying	   Scientific	   Theories:	   Physical	   Concepts	   and	   Mathematical	   Structures	  
(2000).	  	   Her	   recent	   publications	   include	   “One	   Phenomenon,	  Many	  Models:	   Inconsistency	  
and	   Complementarity.”	  Studies	   in	   History	   and	   Philosophy	   of	   Science	  42	   (2):342-‐351.,	  
(2009).	  “Models,	   Measurement	   and	   Computer	   Simulation:	   The	   Changing	   Face	   of	  
Experimentation.”	  Philosophical	  Studies	  143	  (1):33	  -‐	  57.,	  and	  (2008):	  Reduction,	  Unity	  and	  



 

the	  Nature	  of	  Science:	  Kant's	  Legacy?	  Royal	  Institute	  of	  Philosophy	  Supplements	  83	  (63):37-‐
62.	   	  Her	  current	  work	  regards	   the	  social	   issues	  surrounding	  how	  simulations	  are	  used	   in	  
scientific	  contexts.	  	  (PhilPapers,	  University	  of	  Toronto	  website)	  
	  
	  
George	  Reisch,	  Independent	  Scholar.	  Plenary	  Speaker.	  
	  
George	   Reisch	   received	   a	   PhD	   in	   the	   philosophy	   and	   history	   of	   science,	   and	   an	   MS	   in	  
physics	  from	  the	  University	  of	  Chicago.	  He	  has	  taught	  at	  Illinois	  Institute	  of	  Technology	  and	  
Northwestern	  and	  was	  a	  National	  Science	  Foundation	  fellow	  from	  2000-‐2002.	  His	  research	  
specialty	  concerns	  the	  history	  of	  philosophy	  of	  science	  in	  the	  20th	  century,	  with	  emphasis	  
upon	  the	  effects	  of	  the	  Cold	  War	  on	  American	  conceptions	  of	  scientific	  theories	  and	  values.	  
He	  has	  published	  a	  recent	  article,	  “Three	  Types	  of	  Political	  Engagement	  for	  Philosophy	  of	  
Science,”	  Science	  and	  Education,	  vol.	  18	  no.	  2	  (Feb.	  2009),	  that	  directly	  addresses	  the	  theme	  
of	  the	  proposed	  conference.	  His	  book,	  How	  the	  Cold	  War	  Transformed	  Philosophy	  of	  Science,	  
was	  published	  by	  Cambridge	  University	  Press	   in	  2005.	  He	   is	   series	  editor	  of	   the	  Popular	  
Culture	   and	   Philosophy	   series	   at	   Open	   Court	   Publishing	   Company.	   (Northwestern	  
University	  website)	  
	  
	  
10.	  Evaluation	  Committee	  
	  
The	  evaluation	   committee	  will	   consist	   of	   the	  Head	  of	   the	  Philosophy	  Department	   and	  an	  
additional	   member	   appointed	   by	   the	   Head.	   	   A	   one	   page	   memo	   of	   evaluation	   will	   be	  
prepared	   subsequent	   to	   the	   event	   and	   submitted	   by	   the	   event	   chair	   along	  with	   the	   final	  
report	  to	  the	  Taft	  Faculty	  Board.	  



 

II.	  Detailed	  Budget	  	  
	  
	  
1.	  Estimates	  of	  Honoraria	  for	  Participants	  (Taft	  Conference)	   	   	   	  
	   	   	   	   	   	   	   	   	   	   	  

Beatty	  	   	   250	   	   	   	   	   	  
Douglas	   	   250	   	   	   	   	   	  
Elliott	   	   	   250	   	   	   	   	   	  
Kourany	   	   250	   	   	   	   	   	  
Longino	   	   500	   	   Keynote	  speaker	   	   	   	  
Maienschein	   	   250	   	   	   	   	   	  
Mitchell	   	   250	   	   	   	   	   	  
Morrison	   	   250	   	   	   	   	   	  
Reisch	  	   	   250	   	   	   	   	   	  
Subtotal	   	   $2,500	  	   	   	   	   	   	  
	   	   	   	   	  
	   	   	   	   	   	  

2.	  Estimates	  of	  Travel,	  Food,	  &	  Lodging	  expenses	  (Taft	  Conference	  &	  Philosophy)	   	  
	   	   	   	   	   	   	   	   	   	  
Travel	   	   Airfare	   *Estimated	  using	  online	  flight	  comparison	  sites	   	  
Beatty	  	   	   525	   	   Vancouver,	  BC	   	   	   	  
Douglas	   	   700	   	   Waterloo,	  Ontario	   	   	   	  
Elliott	   	   	   450	   	   Columbia,	  SC	   	   	   	  
Kourany	   	   350	   	   Notre	  Dame,	  IN	   	   	   	  
Longino	   	   525	   	   San	  Francisco,	  CA	   	   	   	  
Maienschein	   	   550	   	   Phoenix,	  AZ	   	   	   	  
Mitchell	   	   375	   	   Pittsburgh,	  PA	   	   	   	  
Morrison	   	   625	   	   Toronto,	  Ontario	   	   	   	  
Reisch	  	   	   425	   	   Chicago,	  IL	   	   	   	  
Subtotal	   	   $4,525	  	   	   	   	   	   	  
	  
	   	   	   	   	   	   	   	   	   	  
Lodging	   10-‐11	   10-‐12	   10-‐13	   	   *Current	  kingsgate	  pricing	  
Beatty	  	   310	   155	   155	   	   Travel	  from	  BC,	  extra	  night	  budgeted	   	  
Douglas	   155	   155	   155	   	   	   	   	   	  
Elliott	   	   155	   155	   155	   	   	   	   	   	  
Kourany	   155	   155	   155	   	   	   	   	   	  
Longino	   310	   155	   155	   	   Travel	  from	  CA,	  extra	  night	  budgeted	  
Maienschein	   155	   155	   155	   	   	   	   	   	  
Mitchell	   155	   155	   155	   	   	   	   	   	  
Morrison	   155	   155	   155	   	   	   	   	   	  
Reisch	  	   155	   155	   155	   	   	   	   	   	  
Subtotal	   	   	   $4,495	  	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	  

	   	  



 

Meals	   	   10-‐11	   10-‐12	   10-‐13	   	   *Food	  estimated	  on	  a	  GSA	  $56	  per	  diem	  
Beatty	  	   56	   56	   56	   	   for	  Cincinnati	  area	  as	  of	  November	  2011	  
Douglas	   56	   56	   56	   	   	   	   	   	  
Elliott	   	   56	   56	   56	   	   	   	   	   	  
Kourany	   56	   56	   56	   	   	   	   	   	  
Maienschein	   56	   56	   56	   	   	   	   	   	  
Longino	   56	   56	   56	   	   	   	   	   	  
Mitchell	   56	   56	   56	   	   	   	   	   	  
Morrison	   56	   56	   56	   	   	   	   	   	  
Reisch	  	   56	   56	   56	   	   	   	   	   	  
Subtotal	   	   	   $1,512	  	   	   	   	   	  
	   	   	   	   	   	  
Food,	  Travel,	  &	  Lodging	  Subtotal	  	   $10,532	  	   	   	   	   	   	  
	  
	   	   	   	   	   	   	   	   	   	  

3.	  Promotion	  -‐	  Printing,	  Advertising,	  Postage	  (Philosophy	  &	  Other	  Support)	   	  
	   	   	   	   	   	   	   	  
Subtotal	   	  $750	  	  	   *Estimated	  from	  past	  Philosophy	  conferences	   	  
	   	  
	   	   	   	   	   	   	   	   	   	  

4.	  Publications	  (Philosophy	  &	  Other	  Support)	  	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	  
Subtotal	   —	   	   *Not	  applicable	   	   	   	  
	   	  
	   	   	   	   	   	   	   	   	  

5.	  Other	  Expenses	  (Philosophy	  &	  Other	  Support)	   	   	   	   	   	  
	   	   	   	  

Receptions	   	   	   	   2400	   	   *Estimated	  from	  past	  Philosophy	  	  
Conference	  Catering	   	   	   1400	   	   conferences	   	   	   	  
Supplies	  and	  AV	  costs	   	   300	   	   	   	   	   	  
Room	  Fees	  and	  Security	  Deposits	   250	   	   	   	   	   	  
Subtotal	   	   	   	   	  $4,350	  	   	   	   	   	   	  
	   	   	  
	   	   	   	   	   	   	   	  

TOTAL	  EXPENSES	   	   	   	   	  $18,132	  	   	   	   	   	   	  
	   	  
	   	   	   	   	   	   	   	   	  
Philosophy	   	   	   	   	  $4,000	  	   	   	   	   	   	  
Other	  (to	  be	  secured)	   	   $5,000	  	   	   	   	   	   	  
Taft	  Conference	  request	   	   $9,000	  	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	  

TOTAL	  RESOURCES	  	   	   	   	  $18,000	  	   	   	   	   	  



 

III.	  Proposal	  Narrative	  
	  
	  
1.	  Purpose	  
	  
The	  purpose	  of	  this	  conference	  is	  to	  provide	  a	  forum	  for	  serious	  discourse	  about	  the	  proper	  
role	  of	  philosophy	  of	  science	   in	   the	  contemporary	  socio-‐scientific	   landscape.	  Science	   is	  of	  
greater	  social	   relevance	   than	  ever	  before,	  and	  philosophy	  of	  science	   is	  well	  positioned	   to	  
clarify	   and	   contribute	   to	   the	   social	   impacts	   of	   science.	   	   Our	   aim	   is	   to	   bring	   together	   a	  
renowned	  group	  of	  philosophers	  who	  have	  made	  significant	  contributions	  to	  the	  study	  of	  
the	   relationship	  between	   science,	   society,	   and	   the	  philosophy	  of	   science.	   In	   so	  doing,	  we	  
hope	   to	   increase	   the	   profile,	   both	  within	   and	   outside	   the	   field	   of	   philosophy,	   of	   a	   set	   of	  
issues	  that	  concern	  the	  proper	  role	  of	  philosophy	  of	  science	  in	  modern	  society.	  Ought	  the	  
philosopher	  of	   science	  engage	  with	  social	   conflicts	  arising	   from	  the	  relationship	  between	  
science	  and	  society?	  If	  so,	  what	  form	  should	  this	  engagement	  take	  on?	  	  	  
	  
The	  topic	  of	  the	  social	  engagement	  of	  philosophy	  of	  science	  is	  of	  historical	  significance	  to	  
the	   discipline	   of	   philosophy.	   	   The	   extent	   to	  which	   social	   engagement	   has	   been	   a	   central	  
focus	  of	  philosophy	  of	  science	  has	  changed	  dramatically	  since	  the	  contemporary	  discipline	  
emerged	  in	  early	  twentieth	  century	  Europe.	  For	  the	  Vienna	  Circle	  and	  related	  philosophers	  
of	   science	   in	   early	   twentieth	   century	   Europe,	   social	   interests	   and	   philosophical	   interests	  
were	  of	  a	  whole.	  	  Their	  politics	  and	  social	  concerns	  shaped	  their	  projects	  in	  philosophy	  of	  
science,	  and	  they	  viewed	  their	  philosophical	  work	  as	  continuous	  with,	  and	  contributing	  to,	  
contemporary	  social	  change.	  	  As	  invited	  speaker	  George	  Reisch	  (2005)	  shows,	  a	  number	  of	  
events	   in	   the	  mid-‐twentieth	   century	   transformed	   philosophy	   of	   science,	  moving	   it	   away	  
from	   social	   engagement	   and	   toward	   “the	   icy	   slopes	   of	   logic.”	   Recently,	   however,	   many	  
philosophers	   have	   begun	   to	   critically	   re-‐examine	   the	   still	   distant	   relations	   between	  
philosophy	  of	  science	  and	  the	  many	  social	   issues	  arising	  from	  and	  answerable	  to	  science.	  
This	   conference	   will	   bring	   some	   of	   the	   most	   original	   and	   influential	   of	   these	   scholars	  
together.	  	  
	  
This	   proposed	   conference	   is	   particularly	   timely.	   The	   political,	   social,	   and	   economic	  
conditions	   of	   the	   twenty-‐first	   century,	   including	   looming	   global	   crises	   such	   as	   climate	  
change	   and	   resource	   scarcity,	   have	   led	   to	   philosophy	   of	   science’s	   renewed	   engagement	  
with	   social	   issues.	   Evidence	   of	   this	   is	   provided	   by	   recent	   high-‐profile	   events	   and	  
publications	  on	  philosophy	  of	  science’s	  relationship	  to	  social	  issues,	  including	  an	  American	  
Philosophical	   Association	   mini-‐conference,	   a	   special	   issue	   in	   Synthese,	   a	   prominent	  
philosophy	   of	   science	   journal,	   and	   a	   conference	   on	   “advancing	   public	   philosophy”.	  	  
Moreover,	  trends	  such	  as	  the	  increasing	  importance	  and	  authority	  of	  scientific	  advising	  for	  
policy	   decisions	   and	   the	   increasing	   cost	   to	   taxpayers	   of	   pioneering	   research	   may	   even	  
demand	   a	   more	   socially	   involved	   philosophy	   of	   science,	   for	   the	   social	   relevance	   of	  
philosophy	   of	   science	   increases	   as	   the	   relationship	   between	   science	   and	   society	   grows	  
more	  complex.	  This	  conference	  will	  provide	  philosophers	  of	  science	  a	  forum	  for	  evaluating	  
the	   proper	   role	   of	   the	   discipline	   with	   respect	   to	   this	   current	   socio-‐political-‐scientific	  
climate.	  	  	  



 

2.	  Format	  and	  Content	  
	  
The	   conference	   will	   consist	   of	   a	   series	   of	   90-‐minute	   blocks	   for	   speakers,	   which	   include	  
approximately	  40	  minutes	  of	  discussion.	  The	  keynote	  speaker	  will	  give	  a	  brief	  address	  to	  
kickoff	   the	   conference	   and	   an	   extended	   talk	   with	   discussion	   at	   the	   conclusion	   of	   the	  
conference.	   Multiple	   occasions	   also	   will	   be	   planned	   for	   informal	   exchange	   between	  
conference	   participants,	   other	   conference	   attendees,	   members	   of	   the	   UC	   academic	  
community,	  and	  members	  of	  the	  public.	  The	  conference	  will	  be	  free	  to	  all	  attendees.	  	  
	  
The	  conference	  will	  also	  lead	  directly	  to	  a	  lasting	  product:	  a	  collection	  of	  research	  articles	  
will	  be	  assembled,	  based	  on	  conference	  presentations.	   	  The	  book	  series	  Boston	  Studies	   in	  
the	   Philosophy	   of	   Science	   (Springer)	   has	   expressed	   keen	   interest	   in	   publishing	   this	  
collection.	  	  	  
	  
	  
3.	  Publicity	  Plan	  
	  
There	   will	   be	   significant	   advance	   publicity	   for	   the	   conference	   via	   print	   and	   electronic	  
media.	   	  We	  will	  distribute	   two	  sets	  of	  posters	  across	   the	  University,	  as	  well	  as	   regionally	  
and	  nationally:	  an	  early	  set	  advertising	  the	  title,	  dates,	  and	  participants,	  and	  a	  later	  set	  with	  
the	  titles	  of	  individual	  talks,	  travel	  information,	  and	  a	  detailed	  schedule.	  Advertisements	  in	  
other	  UC	  departments	  and	  colleges	  will	  emphasize	  the	  conference’s	  points	  of	  contact	  with	  
other	   disciplines.	   	  We	  will	   also	   develop	   a	   conference	  website;	   employ	   several	   email	   lists	  
that	   reach	   local,	   regional,	   national,	   and	   international	   audience;	   and	   advertise	   via	   social	  
media	  outlets	  already	  employed	  by	  the	  UC	  Department	  of	  Philosophy,	  including	  Facebook	  
and	  Twitter.	  	  
	  
The	   results	   of	   the	   conference	   will	   receive	   significant	   publicity	   via	   the	   publication	   of	   a	  
collection	  of	  papers	  based	  on	  conference	  presentations.	  	  The	  book	  series	  Boston	  Studies	  in	  
the	  Philosophy	  of	  Science	  (Springer)	  has	  already	  expressed	  keen	  interest	  in	  publishing	  this	  
collection.	  	  	  
	  
	  
4.	  Target	  Audience	  and	  Impact	  
	  
Professional	   philosophers	   and	   philosophy	   graduate	   students	   will	   comprise	   the	   primary	  
audience	   of	   the	   proposed	   conference.	   	   Additionally,	   the	   conference’s	   focus	   of	   “socially	  
engaged	   philosophy	   of	   science”	   lends	   itself	  well	   to	   interdisciplinary	   discourse.	   The	   topic	  
intersects	   with	   research	   areas	   across	   the	   social	   and	   life	   sciences,	   as	   well	   as	   women’s	  
studies,	   environmental	   studies,	   science	   journalism,	   and	   other	   disciplines.	   A	   special	   effort	  
has	  been	  made	  to	  invite	  speakers	  whose	  research	  relates	  to	  a	  range	  of	  scientific	  disciplines,	  
a	  variety	  of	  contemporary	  social	  issues,	  and	  historical	  concerns	  as	  well.	  	  	  
	  
Roughly	  40	  people	  are	  expected	  to	  attend	  for	  the	  duration	  of	  the	  conference,	  and	  a	  much	  
larger	   number	   of	   attendees	   are	   expected	   to	   “drop	   in”	   for	   one	   or	   two	   specific	   talks.	   	   As	  
discussed	  above,	  the	  speakers	  will	  address	  issues	  that	  relate	  to	  a	  variety	  of	  disciplines,	  and	  



 

special	  effort	  will	  be	  made	  to	  advertise	  specific	  talks	  to	  the	  UC	  departments	  and	  colleges	  for	  
which	  they	  are	  particularly	  relevant.	  Attendees	  will	   thus	  include	  professional	  researchers	  
and	   graduate	   students	   in	   philosophy	   and	   a	   variety	   of	   other	   disciplines,	   as	  well	   as	   some	  
undergraduate	  students	  and	  members	  of	  the	  general	  public.	  	  
	  
	  
5.	  Evaluation	  Plan	  
	  
The	  primary	  assessment	  of	  the	  conference	  will	  be	  completed	  by	  the	  evaluation	  committee.	  
Attendees	  will	   also	   provide	   their	   own	   assessments	   via	   online	   questionnaire.	   In	   addition,	  
attendance	  and	  participation	  figures	  (total	  attendees,	  attendance	  by	  department,	  regional	  
draw,	   etc.)	   will	   be	   compiled	   and	   evaluated	   with	   regard	   to	   data	   from	   past	   philosophy	  
colloquia	  hosted	  by	  the	  University	  of	  Cincinnati.	  	  
	  
	  
	  



 

IV.	  Tentative	  Schedule	  
	  
	   Thursday	  

11	  October	  2012	  
Friday	  
12	  October	  2012	  

Saturday	  
13	  October	  2012	  

9:15-‐10:45	   	   Margaret	  Morrison	   Janet	  Kouraney	  
11:00-‐12:30	   	   Jane	  Maienschein	   George	  Reisch	  
12:30-‐2:00	   	   Lunch	   Lunch	  
2:00-‐3:30	   Welcome:	  Longino	   John	  Beatty	   Sandra	  Mitchell	  
4:00-‐5:30	   Kevin	  Elliott	   Heather	  Douglas	   Helen	  Longino	  
	   Welcome	  Reception	   Dinner	   Closing	  Reception	  
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