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Abstract
The aim of this thesis is to give general answers to two questions: What is a good scientific 

concept? What is the nature of conceptual debates in science? In order to answer these 

questions, I will look at historical examples of conceptual change in science and at 

contemporary conceptual debates in science. Examples include the concepts of species, 

innateness, mass, biological individuality, planet, and homology. These examples will be used

in a general discussion of what scientists and philosophers of science have put forward as 

virtues and vices of scientific concepts, and I will look at the controversies surrounding some 

of them. Some of the virtues and vices of concepts that will be discussed are inconsistency, 

conflation, simplicity, intuitiveness, theoretical significance (to support predictions and 

explanations), and applicability (to be easily applicable). Different resolutions that have been 

proposed to conceptual debates in science will also be discussed and their advantages and 

disadvantages will be compared. These include monism, pluralism and what I will call the 

unification resolution, which is about unifying the competing definitions by coming up with a

general definition that somehow includes the competing definitions. I conclude by 

distinguishing between primary virtues like theoretical significance which are the most 

important virtues, secondary virtues like simplicity that are less important, and alleged virtues

which are virtues that have been put forward as criteria for good scientific concepts that may 

not be virtues of concepts. I then show that there can be different levels of disagreement in 

conceptual debates in science, for example that scientists can disagree because there is 

disagreement about what a good scientific concept is. Finally, I argue that while the general 

approach pursued in this thesis is useful, it has some limitations because there might be very 

local or domain specific reasons to change concepts and many, perhaps even all, conceptual 

debates may therefore be unique.
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Introduction
The best workman uses the best tools. Terms are the tools of the teacher; and only an

inferior hand persists in toiling with a clumsy instrument when a better one lies 

within his reach. (Richard Owen 1866, Vol. 1, p. xiii)

The Topic and Questions
Any student of the history of science will quickly see that the language of science has gone 

through many changes throughout the years. Take the concept of gene for example. In the 

early days of genetics, biologists simply talked about traits like the color of flowers being 

inherited. Later the distinction between a genotype and a phenotype was introduced and 

biologists started talking about the potential of a trait being inherited instead of the traits 

itself. Finally, genes were conceived as stretches of DNA. Throughout these developments, 

biologists are talking about genes, but the reference of this term, its extension, has changed. 

Similarly, psychiatrists used to talk about homosexuality being a  mental illness, and 

astronomers used to talk about Pluto being a planet. Scientists are still talking about mental 

illnesses and planets, but the meaning of these terms have changed and something that used 

to fall under the concepts no longer does. There are also more drastic changes like how 

physicists used to talk about luminiferous aether and chemists used to talk about phlogiston.

These terms were later removed from scientific language and scientists stopped talking 

about these things altogether. These are all examples of conceptual change in science, which

is the topic of this thesis. 

When conceptual change takes place, what is it about the new concepts that makes them 

better than the old ones? In other words, what is a good scientific concept? This is one of 

the main questions that will be explored in this thesis, and I will give a partial answer to this

question by discussing what I take to be the most important virtues of scientific concepts. 

This is similar to how a virtue ethicist would say what a good person is by talking about 

virtues like courage, honesty and compassion. We will see that scientists and philosophers 

of science have argued that a good scientific concept should be precise, it should be 

consistent, it should not conflate things that are not the same, it should support good 

inferences and explanations, it should be a natural kind and 'carve nature at its joints', it 

should be easy to apply, it should be general and simple, and it should be intuitive. What 
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exactly these virtues are will become clear in later chapters, and some of the controversies 

surrounding some of them will be discussed. 

The other main question that will be explored in this thesis concerns conceptual debates in 

science. Sometimes, a conceptual change happens fairly quickly, for example in physics 

when the concept of luminiferous aether was eliminated shortly after the Michelson-Morley 

experiment. In other cases conceptual change takes a lot of time and is the result of a long 

debate. Sometimes the debates even last for decades and no resolution is found. One of the 

main examples will be the concept of species which has been hotly debated for almost a 

century, and the debate can be traced all the way back to ancient Greece. One of the main 

goals of this thesis is to say something general about the nature of conceptual debates in 

science. Why do scientists disagree about which concept is the best one? What is the root of

this disagreement? We will see that there are different kinds of resolutions being proposed 

to conceptual debates other than the simple monist resolution where one of the concepts is 

chosen to be the right one. These resolutions to conceptual debates will be compared and 

their advantages will be discussed. 

I will also take a look at the significance of conceptual debates in science. Some debates, 

like the one about the concept of planet, might be fairly insignificant, but other debates like 

the one about species might be much more significant. Classification seems to be more 

important in biology than most sciences because of how complex life is. There is a lot of 

data that must be categorized and the species problem is to a large extent about coming up 

with the best classification. There might also be more political or ethical reasons to believe 

that the species problem is significant since species is something we want to preserve. 

Biodiversity is usually measured in the number of species, and the number of species vary 

greatly depending on which species concept is used. For some estimates of how much the 

cost of preserving species varies with species concepts, see  Agapow et al (2004). We will 

see that there are other conceptual debates with fairly obvious political significance like the 

debates about the concepts of mental illness and innateness. 

The Structure
The structure of the thesis is this. In Chapter 1 I will introduce my project by first talking 

about how it is different from what most philosophers of science have done when studying 
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conceptual change in science. In short, most philosophers have focused on replying to the 

incommensurability challenge and explaining how conceptual change can be rational. We 

will see a specific example of how one could reply to this challenge. I will then talk about 

how my project is much more similar to a part of philosophy called conceptual engineering 

or conceptual ethics, which is about how concepts can be improved. 

Chapter 2 is about inconsistency and conflation. I will start by discussing inconsistent 

concepts and the concepts of set and mass will be the main examples. We will see that it is 

controversial to say that concepts themselves are inconsistent because this view is based on 

the controversial analytic-synthetic distinction. What some take to be an inconsistent 

concept, others describe as a false belief or an inconsistent theory. My main point will be 

that it probably does not matter which description we choose since we all agree that 

inconsistency is a bad thing. When we remove inconsistency some will simply describe this 

as coming up with consistent concepts, while others might describe this as removing a false 

belief. I will then move on to conflation, which in short is when different things are taken to

be the same. The main case study will be the concept of innateness, which according to 

some biologists and philosophers of science conflate empirically distinct properties and 

should therefore be eliminated and replaced with new concepts. The chapter ends with a 

look at some more examples and I will show how they illustrate different types and degrees 

of conflation. 

Chapter 3 is about what I will call theoretical significance and applicability. In short, 

theoretical significance means that a concept supports good inferences and explanations, 

while applicability means that a concept is easy to apply, an idea that will be traced back to 

Percy Williams Bridgman's operationalism. This chapter will introduce the species problem 

in some detail and the chapter ends with a proposed solution to the species problem called 

hierarchical pluralism. In short, this proposal says that the species problem exists because 

people have conflated theoretical definitions, which tells us what something is, with 

operational definitions, which tells us how to find out whether or not something falls under 

the concept. This chapter will also include a section on natural kinds and the debate about 

the concept of planet will be used as an example.

In chapter 4 I will discuss the idea that scientific concepts should be general and simple. I 

will start by talking about unification in general, before moving on to what I will call the 

3



unification resolution to conceptual debates. In short, this resolution is about finding 

something that the competing concepts have in common, and then use this to come up with 

a general definition that includes the competing concepts. The concept of biological 

individuality will be used as the main example, but I will also take a look at some other 

examples in order to illustrate different types of unification. I will show that hierarchical 

pluralism, the proposed solution to the species problem discussed in chapter 3, is a type of 

unification, and I will discuss the advantages of the unification resolution.

Chapter 5 is about the role of intuition in conceptual change. I will start by looking at the 

concept of disease and we will see that some have proposed that the concept of disease is a 

family resemblance concept. This will lead to a general discussion of what I will call the 

family resemblance resolution to conceptual debates. Chapter 5 ends with some comments 

on the role of intuitions in conceptual change in science. Finally, in chapter 6, I will 

summarize the thesis by showing that what I have done in earlier chapters can be used to 

say something interesting about the nature of conceptual debates in science. The thesis ends 

with some thoughts about all the things that remain to be done on the project introduced in 

this thesis.

The order of the chapters has been chosen so that the concepts used as examples in more 

than one chapters can be introduced early in the chapter where it most naturally fits. The 

discussion in the later chapters also builds on the content of the earlier chapters. It should be

clear from the case studies that I use 'science' in a somewhat broad sense that also includes 

some more philosophical fields like the foundations of mathematics. Since I use a lot of 

examples, and since they will be from a lot of different fields, I will not have enough space 

to explain the fundamentals in much detail. I will therefore assume that the reader has a 

general interest in science and philosophy and simply remind the reader of the most 

important details related to the concepts I use as examples. 

It is worth mentioning that the debates used as examples are much more complex than one 

would think by just reading this thesis. The reason is that I do not have enough space to go 

through all the details and will therefore jump to the most relevant parts as quickly as 

possible. The conceptual debates I look at are primarily used as the foundation for a more 

general discussion of conceptual debates in science. The goal is therefore not to contribute 

to the debates themselves, though I will comment on some of them.
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Chapter 1 The Project

1.1 Introduction
In this chapter I will compare the kind of questions that I will answer with other questions 

one could ask about conceptual change. First, in section 1.2, I will look at semantic 

incommensurability as a threat to conceptual progress which is what most philosophers of 

science have focused on. Ingo Brigandt's conceptual framework will be used as an example 

of how one could argue that there is no semantic incommensurability. Then, in section 1.3, I

will introduce my project in more detail by talking about more general projects in 

philosophy like conceptual engineering. Finally, in section 1.4, I will say what I will not do 

in this thesis. In short, I will not take a stand on controversial issues in philosophy of 

language and mind about the nature of concepts, but will instead be as neutral as possible. 

1.2 What the Project is not About
Philosophers of science who have studied conceptual change in science have focused on 

replying to what is called the incommensurability challenge (see e.g. Kuhn 1962). The idea 

behind this challenge is that there is some kind of discontinuity between the paradigms 

before and after a scientific revolution so that the paradigms cannot be compared. It is then 

argued that we cannot choose rationally between the two paradigms, and the positivist view 

of scientific progress, which says that science progresses because scientists come up with 

better and better theories, might therefore be in trouble. The discontinuity can for example 

be that the introduction of a new paradigm includes new standards for evaluating scientific 

theories. 

The type of discontinuity that is relevant for conceptual change is discontinuity in meaning. 

The idea is that if the meaning of scientific terms change in scientific revolutions and the 

scientists who accept the new theory mean something different with their terms than the 

scientists who accepted the previous one, then communication across the paradigms will be 

impossible and no rational choice can be made between them. The scientists in different 

paradigms are simply talking past each other and the concepts from different paradigms are 

said to be incommensurable. The conclusion is that it's not obvious that science progresses.
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A common reply is to follow Saul Kripke (1980) and Hilary Putnam (1975) and use a causal

account of reference. In short, the causal theory of reference says that the reference of a 

term is fixed in a baptism event and later use of the term refers to the same entities because 

there is a causal chain from the baptism event to the later use. One can then argue that the 

scientists who accepted previous theories could refer to the same entities as later scientists 

even though they had wrong descriptions of these entities and wrong beliefs about them. 

There will on this approach be continuity of reference and therefore much less change in 

meaning, which means that there is no semantic incommensurability. This is supposed to 

mean that different theories can make conflicting claims about the same entities so that the 

theories can be compared and we can rationally choose one over the others. 

Some accounts of conceptual change go beyond merely talking about reference and will 

even say that reference change can happen in a rational way. Perhaps the most sophisticated 

framework is the one defended by Ingo Brigandt (e.g. 2010). According to this framework, 

a concept consists of three components, (1) the concept's reference, (2) the concept's 

inferential role and (3) the epistemic goal pursued by the concept's use. The first two 

components make up the concept's meaning, and they account for why the concept is useful 

for scientific practice. A concept's inferential role is basically the beliefs that scientists have 

about the referent and the inferences that the concept supports. The third component is the 

set of inferences the concept is supposed to support, and this component is used to account 

for why it's sometimes rational to change the meaning of a concept. The basic idea is that 

scientists can change the goal they are pursuing with a concept, and a change in one of the 

other two components will then be rational if this change makes the concept more adequate 

for the goal being pursued with the concept, that is if the inferences it supports after the 

change is closer to the inferences it's supposed to support. As long as there is continuity in 

at least one component, we will not have semantic incommensurability. 

Brigandt demonstrates this framework by using it on the gene concept. I won't go into much

detail here but simply say enough to show how his framework is supposed to work. In short,

what's usually called the classical gene concept emerged in the beginning of the 20th 

century, and according to Brigandt the epistemic goal pursued with this concept was to 

predict inheritance patterns. In the early days of genetics, the classical gene concept went 

through many changes like the introduction of the distinction between genotype and 

phenotype and the belief that some alleles are dominant while others are recessive. These 
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changes were rational because they made it possible to predict inheritance patterns, that is to

meet the epistemic goal, to a greater extent than before. The classical gene concept could 

only explain phenotypic differences in terms of genetic differences and did not support 

explanations of what is happening at the molecular level. 

The gene concept went through many changes after some important experiments on 

microorganisms in the 1940s, and this led to the one-gene-one-enzyme hypothesis and the 

discovery of the structure of DNA by Watson and Crick in 1953. As a result, what is now 

usually called the molecular gene concept emerged in the 1950s and 1960s. According to 

Brigandt, the epistemic goal pursued with this concept was to explain how genes bring 

about their molecular products. The changes in the concepts meaning starting in the 1940s 

were therefore rational because geneticists had changed the epistemic goal pursued by the 

gene concept, and these changes in the concept's meaning made the gene concept better 

suited to pursue this goal.

This conception of concept is not meant to be general, but only to be used in science in 

order to explain the rationality of conceptual change. It is worth mentioning that it seems 

much easier to use it in empirical science than in mathematics because it seems harder to 

assign specific epistemic goals to mathematical concepts. The concept of gene is a pretty 

easy case since the goal is simply to predict and explain things in genetics. The concept of 

integral, on the other hand, seems much harder since this is used indirectly in many different

fields to reach many different goals. Another reason might be that mathematics does not 

have a clear goal like in empirical science where the general goal is to predict and explain.

1.3 What the Project is About
The project is about the reasons we have to change concepts and the nature of conceptual 

debates in science. In short, I will discuss what I take to be the most important virtues of 

scientific concepts, and compare different resolutions to conceptual debates in science. This 

will be done by looking at historical examples of conceptual change and contemporary 

debates about concepts. There are philosophers who have done similar things, for example 

that David Hull (1997) summarizes the species debate, Alisa Bokulich (2014) summarizes 

the planet debate and compares it with the species problem, Richard Richards (2010) 

discusses a specific solution to the species problem, Kevin Scharp (2013) discusses 
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inconsistent concepts, and so forth. But I am not aware of anyone who has done anything as

general as what I will do in this thesis. One of my main contributions is to gather all these 

works in one place and discuss them together. I will of course not be able to finish this 

project in this thesis, but will get it started and give a partial answer to the questions. 

Another question that will be explored in this thesis, though to a much lesser extent, is the 

significance of conceptual debates in science. We can make a distinction between internal 

and external consequences of debates in science, where internal consequences are 

consequences for the science itself, while external consequences are consequences for 

something outside of science, for example in politics or ethics. We saw in the introduction 

that there are good reasons to believe that the species debate will have both internal and 

external consequences, and I will look at the significance of other debates in later chapters.

I take this project to be a part of a general study of debates in science, where the goal is to 

find out why there are debates in science, what must be done in order to end the debates and

how significant the debates are. We can make a distinction between internal and external 

scientific debates, where the internal ones are debates in science, while the external ones are

debates about science. The internal debates are usually started by scientists and have 

consequences for the science itself, while the external debates are usually started by 

philosophers of science and usually have little to no consequences for the science itself. The

conceptual debates concerning scientific concepts are usually internal debates, while 

debates about realism, formulations of quantum mechanics, the nature of laws, interlevel 

relations and so forth, are external debates. Some debates might be somewhere in the 

middle, for example debates about explanation and the scientific method.

One reason why I think this distinction is useful is that I think that philosophers can draw 

more conclusions on their own in external debates, while the internal ones require more 

knowledge about scientific practice than most philosophers of science have, especially those

like myself who consider themselves generalists. This does not mean that philosophers of 

science have nothing to contribute in internal debates. On the contrary I think philosophers 

of science can contribute a lot, especially in conceptual debates since philosophers have a 

lot of experience with these kinds of debate. Philosophers who focus on general philosophy 

of science are usually generalists that know a lot about different scientific fields, as well as 

the history of science. Biologists might for example not be familiar with conceptual debates 
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in other fields, or the history of conceptual change, and this might be relevant to how 

contemporary conceptual debates in biology should be resolved. Furthermore, philosophers 

of science usually don't have a horse in the race and can therefore be neutral judges in 

internal debates, for example in conceptual debates where scientists defend their favorite 

concept. Sometimes they even defend a concept that they themselves helped create, for 

example how Ernst Mayr defended his biological species concept for several decades. 

Another example is that psychologists who specialized on homosexuality were among the 

most vocal defenders of the view that homosexuality should remain a disease. 

Some more philosophical views on for example metaphysics or the nature of concepts 

might also be relevant for internal conceptual debates in science, and philosophers who 

focus on these issues can therefore bring this expertise into internal debates. Finally, 

philosophers of science can have a general discussion of possible resolutions to internal 

debates in science and lay the foundation for further discussion by specialists in each field. 

This is something that I will do a lot in later chapters. In conclusion, I think that internal 

debates should for all of these reasons include a lot of interdisciplinary cooperation between

philosophers of science and scientists. Fortunately this is already happening in some debates

like the one about species where some of the most important anthologies include 

contributions from philosophers as from biologists.

I also see my project as part of conceptual engineering, or conceptual ethics, which is a part 

of philosophy that has become increasingly popular in recent years. While most 

philosophers in the last decades have focused on conceptual analysis where intuition is used

to find an analysis of a concept we already possess, conceptual engineering is a more 

normative approach and the goal is not just to describe our current concepts, but to criticize 

concepts and come up with better ones. A common distinction that is made explicitly or 

implicitly by everyone who talks about conceptual engineering is between what I will call 

conservatism and progressivism. In short, a conservative is critical of conceptual change 

and more interested in doing conceptual analysis, while a progressive takes a more critical 

look at her current concepts and want to improve them if possible. Conceptual analysis and 

intuition is therefore much less important for the progressive. This distinction is of course 

not a strict one, but there is a continuum from the most conservative to the most 

progressive. I will come back to this distinction in chapter 5 when I discuss the role of 

intuition in conceptual change. 
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Philosophers involved in conceptual engineering often trace this discipline back to the early 

philosophers in the analytic tradition. Perhaps the best example is Rudolf Carnap and his 

notion of explication. An explication takes an ordinary concept, called the explicandum, and

improves it so that we end up with a new concept, called the explicatum. Carnap (1950) lists

four criteria that an explication should satisfy. First, the explicatum should be similar 

enough to the explicandum, but some difference is allowed. On the continuum from 

conservatism to progressivism, Carnap therefore seems to be somewhere in the middle. 

Second, the explicatum should be more exact or precise than the explicandum. Third, the 

explicatum should be more fruitful than the explicandum, meaning that we should be able to

use it to formulate laws, logical theorems and so forth. Fourth, the explicatum should be 

simple, but he says that this criteria is less important than the others. What all of this means 

is that explication is not just about describing a concept we possess, but about coming up 

with a new concept that is more precise and fruitful than the old one. All of these criteria 

will come up in later chapters.

There are a lot of contemporary examples of conceptual engineering. Brigandt's conception 

of concept is one example since he does not defend this conception by saying that it is 

intuitive and it is therefore not meant as an analysis of the concept of concept. Instead, he 

argues that we should use this conception because we can use it to explain the rationality of 

conceptual change in science. Another contemporary example is Sally Haslanger (e.g. 2000)

and her work on the concepts of gender and race. In short, she argues that these concepts 

can be improved and help us reach feminist and anti-racist goals. Scharp's work on 

inconsistent concepts is also an example, and this will be discussed in some detail in chapter

2. Readers who want a more extensive introduction to conceptual engineering should 

consult Burgess and Plunkett (2013a, 2013b). This thesis can be taken to be an entry point 

to conceptual engineering from general philosophy of science. 

1.4 What This Thesis is not About
What makes things complicated is the fact that there is a lot of disagreement about the 

concept of concept itself (see e.g. Margolis and Laurence 2014 for an overview). There is 

disagreement about what concepts are, that is whether they are mental representations, 

abilities or abstract entities that are grasped by humans. There is also disagreement about 
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the structure of concepts. Some believe that concepts have a classical structure where some 

concepts are basic and the others can be defined in terms of these basic concepts. According

to this view, the concept of bachelor can for example be defined in terms of the concepts 

unmarried and man. Others believe that concepts have a family resemblance structure where

some things are paradigmatic examples of things that fall under the concept, and other 

things fall under the concept if they are sufficiently similar to these prototypes. Some accept

what is called the theory-theory, which in short says that the relations between concepts are 

similar to the relation between terms in a scientific theory, and there is also those who don't 

believe in concepts and want to eliminate the concept of concept.

Furthermore, there is the controversial analytic-synthetic distinction which says that some 

sentences are analytic and true because of the meaning of the concepts in the sentence. 

Some argue that this distinction is significant, while others reject it. There is also the debate 

between internalists who believe that 'meaning is all in the head', and externalists who 

believe that something external to humans is needed to fix the reference of concepts. 

Finally, there is, as I mentioned above, disagreement about how concepts refer, that is 

debates between those who believe in Fregean senses, those who accept direct reference and

those who accept a causal theory of reference. 

I don't rule out that some views on the nature of concepts might be relevant for conceptual 

debates in science, but most of them seem, prima facie at least, irrelevant. Externalism will 

for example probably affect our views on conceptual engineering since those who accept 

this view will not believe that we have much control over the meaning of concepts, but I 

doubt that externalists and internalists will defend different solutions to for example the 

species problem because of these differences. There are probably some exceptions, for 

example that our view on the structure of concepts is relevant to how concepts should be 

defined, and we will see in chapter 5 that this has come up in a few conceptual debates in 

science. In this thesis I will try to be neutral on all these issues and only discuss them if 

someone involved in a conceptual debate in science bring them up like with the structure of 

concepts. 

I will also be neutral on how to individuate concepts. There are many different views on 

how this can be done, including originalism (see e.g. Sainsbury and Tye 2011), the view that

concepts should be individuated based on their origin, and inferential role semantics, the 
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view that concepts should be individuated based on the inferences they support. We also 

have Brigandt's pluralism about individuation, the view that concepts can be individuated in

different ways depending on which question is asked. The idea is that when we talk about 

for example the gene concept, we can use one individuation to explain why biologists 

performed different experiments within the same period, and another individuation when we

want to compare scientific progress over a longer period, like when he compares the 

classical gene concept with the classical molecular concept in order to show why we are 

better off after this conceptual change.

Individuation of concepts will probably have consequences for some questions about 

conceptual progress, such as whether or not two theories are incommensurable and whether 

or not one theory can be reduced to another. But as I have made clear in this chapter, these 

are not the kind of questions I will answer. How we individuate concepts is also relevant for

how we describe a conceptual change. If we for example think about concepts as entities 

that evolve just like species do, we can talk about an ancestor relation between concepts in 

different theories. Then it seems like concepts can be changed in five different ways. The 

first kind of change might be called conceptual continuation and means that there are small 

changes withing the same concept or a new concept evolves from an old one. If we have a 

theory T that is replaced with a theory T' then this was a conceptual continuation if there is a

concept C in T and exactly one concept C' in T' so that there is an ancestor relation between 

C' and C. What might be called a conceptual introduction means that we have a completely 

new concept, meaning that there's a concept C' in T' such that there are no concepts in T that

stand in an ancestor relation to C'. A conceptual elimination is the opposite of a conceptual 

introduction. What might be called a conceptual fusion means that there are two or more 

concepts in T that stand in an ancestor relation to one concept in T' (or maybe more than 

one, but at least less than the number of ancestor-related concepts in T).  A conceptual 

fission is the opposite of a fusion.. 

In order to find out what kind of conceptual change we are dealing with, we need to spell 

out the ancestor relation. We could for example say that two concepts are related if they 

support similar inferences. We must also individuate the concepts in both the current theory 

and the previous one. The disagreements about how to individuate concepts will therefore 

have consequences for how a conceptual change is described. What some take to be a 

conceptual fusion, others might describe as conceptual elimination and introduction. Since I
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will remain neutral about concept individuation, I will not discuss what kind of conceptual 

change we are dealing with when looking at examples. For my purposes it doesn't really 

matter if we are for example talking about a better version of the same concept or a 

completely new concept. What's important for my purposes is why we think we are better 

off after this change. For my purposes we can simply talk about different conceptual states 

in the history of science or in contemporary debates, and talk about why some conceptual 

states are better than others.

In general, I think that the relevance of our views on concepts to conceptual debates in 

science is similar to the relevance of our views on mathematics to the practice of 

mathematics. Some views, like intuitionism, is relevant to mathematical practice, in this 

case because the view rules out some types of proofs. Other views, like Platonism and 

fictionalism, seems to be much less relevant and is more about describing what 

mathematicians do in different ways. Some take mathematics to be the exploration of 

Platonic heaven, while others describe it as simply a game. I'm not sure how to defend this 

view, other than taking a detailed look at each view on the nature of concepts and see if it is 

relevant. This is something that should be done and is relevant to the present project, but it 

is not something I will do in this thesis. 

Instead I will remain neutral and put aside these disagreements, and I will see what can be 

done on this project without talking about specific views on controversial questions one 

could ask about concepts. This means that I will not care much about how I talk about 

concepts and will for example not use the words 'definition', 'conception' and 'concept' in a 

way that reflects a specific view of what concepts are and how they should be individuated. 

It might look like I am talking as if I accept some specific views on concepts, but this is not 

my intention. I am simply talking about concepts in a way that feels natural and in a way 

that is similar to how scientists talk about them. Those who have strong opinions on the 

nature of concepts could change this language to reflect their view. I will get back to this in 

the final chapter when I talk about different ways to continue the project. 
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Chapter 2: Inconsistency and Conflation

2.1 Introduction
In this chapter I will look at the two related vices inconsistency and conflation. I will start in

section 2.2 by looking at inconsistency, focusing on the work by Kevin Scharp and what he 

takes to be the best examples of inconsistent concepts. The main point will be that the idea 

of an inconsistent concept is controversial and that whether or not one thinks that a concept 

can be inconsistent depends on our views on the nature of concepts. I will also argue that it 

probably does not matter whether or not inconsistency is described as a false belief or as a 

concept being inconsistent since this seems to be simply different descriptions of something 

that we all agree is bad. 

I will then move on to conflation and I will start in section 2.3 by giving an overview of the 

philosophical literature on this phenomenon. Like with the philosophical disagreements on 

what a concept is, I will put aside the philosophical disagreements on what conflation is and

move on to some real historical and contemporary examples of conflation. The main 

example will be the the concept of innateness and I will present Paul Griffith's view on this 

concept in section 2.4. Then in section 2.5 I will look at a few more examples, and the 

concepts of mass and number will be used to illustrate different types and degrees of 

conflation. 

2.2 Inconsistency
Perhaps the most well known example of what some take to be an inconsistent concept is 

the logical conception of set. According to this conception, there is for every condition φ a 

set containing all and only the things that satisfy φ. In other words, what is often called the 

naive comprehension principle is fundamental to this conception of set, and those who 

accept the analytic-synthetic distinction might even say that it is analytic.

y x(x  y   ∃ ∀ ∈ ⇔ φ(x)) Naive Comprehension Principle 

Here it is important that y does not appear free in φ since this would lead to contradiction by

letting φ be x∉ y. 

This principle leads to Russell's paradox, and since the reader might be unfamiliar with the 
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historical context of this paradox, I will briefly give some details for dramatic effect. It is 

1902 and Gottlob Frege, one of the greatest logicians of all time, is about to publish the 

second part of Grundgesetze der Arithmetik (Basic Laws of Arithmetic). In this work he 

believes that he has accomplished his goal of reducing arithmetic to logic in order to show 

that the laws of arithmetic are analytic truths that can be known a priori. It is now that he 

receives a letter from Bertrand Russell, in which Russell informs Frege that he has 

discovered a paradox that shows that Frege's system is inconsistent.

We get Russell's paradox by considering the property of not being a member of itself. In 

other words, we let φ be x∉ x and get the following instance of the naive comprehension 

principle.

x(x  y   ∀ ∈ ⇔ x∉ x)

If we then instantiate x with respect to y, we get the following contradiction.∀
 y  y   ∈ ⇔ y∉ y

In other words, the set of all the things that are not members of themselves is a member of 

itself if and only if it is not a member of itself. Frege took this to be the end of his project, 

so what some might take to just be a fun paradox, others take to be a very serious problem 

for their views on mathematics. It is worth mentioning that there are philosophers who call 

themselves neo-logicists who try to partly continue Frege's project. 

Because of Russell's paradox, the naive conception of set was replaced by the iterative 

conception of set in the foundations of mathematics. In short, the iterative conception of set 

says that sets are formed at stages in a hierarchy and at each stage we form all the sets that 

can be formed using the sets that have been formed at previous stages. The empty set is 

formed at stage zero, the set containing only the empty set is formed at stage one, and so 

forth. The iterative conception of set is, as far as we know, consistent.

Since Kevin Scharp is one of the main theorists of inconsistent concepts, I will use his view 

on inconsistent concepts as an example. As I said in the introduction, some of it is very 

controversial and the focus of this section is to explain why this is the case. Kevin Scharp's 

(2013) main work is on the concept of truth, and he argues that the semantic paradoxes 

show that the concept of truth is inconsistent. The most famous of these paradoxes is the liar

paradox, which is basically that the sentence 'this sentence is false' is a contradiction: if it is 

false then it is true, and if it is true then it is false. Scharp is not the only philosopher who 
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have concluded that the semantic paradoxes show that the concept of truth is inconsistent 

(see e.g. Alfred Tarski 1936 and Matti Eklund 2002), but what sets Scharp apart from other 

so called inconsistency theorists is that he argues that we should replace the concept of truth

with two new concepts that he calls ascending and descending truth. The idea is that these 

replacement concepts should be able to do everything we want to do with truth, but without 

the inconsistency. The details are very technical so I do not have enough space to go 

through it here. Readers who find this interesting should consult his book Replacing Truth 

(Sharp, 2013). It is important to note that he does not say that we should always use his 

replacement concepts, but that they should only be used for some purposes like 

philosophical semantics.

Since Scharp (2013, p. 3) holds the controversial view that 'philosophy is, for the most part, 

the study of inconsistent concepts', it is not surprising that he has spent a lot of time on 

coming up with a theory of what inconsistent concepts are. His view on inconsistent 

concepts involves what he calls constitutive principles, and he says that a concept is 

inconsistent if and only if its constitutive principles are inconsistent. To illustrate this idea, 

he uses a toy example he calls rable that has two constitutive principles: (1) rable applies to 

x if x is a table and (2) rable disapplies to x if x is a red thing (Scharp 2013, p. 36). Note that

he uses disapplies as an antonym to applies, which is something that some might disagree 

with since most people would probably only say that the concept applies or does not apply 

instead. He says that the concept of rable is inconsistent in a world where there are red 

tables. Say for example that R is a red table. Since R is a table, rable applies to R, and since 

R is red, rable disapplies to R. The stipulation that there are red tables will therefore lead to 

inconsistency because the concept of rable applies and disapplies at the same time. The 

conclusion is therefore that there are no red tables, which is inconsistent with empirical 

facts in a world where there are in fact red tables. 

The constitutive principles determine the meaning and identity of the concept, and someone 

who possesses the concept will accept the concept's constitutive principles as true. Those 

who do not accept (1) and (2) will for example not possess the concept of rable. His full 

theory of concept possession is complicated, and readers who want a detailed look at it 

should consult Replacing Truth. The fact that his view on inconsistency involves 

constitutive principles is the reason why his view is controversial because it seems like the 

constitutive principles are taken to be analytic truths, meaning that his view is based on the 
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controversial analytic-synthetic distinction.

Scharp anticipates that those who believe that concepts cannot be inconsistent will object by

arguing that concepts like the concept of rable are simply meaningless. He therefore looks at

the concept of mass in Newtonian mechanics, a concept that he takes to be an example of a 

real inconsistent concept. According to Scharp, the two constitutive principles of the 

concept of mass in Newtonian mechanics was (1) mass equals momentum divided by 

velocity and (2) the mass of an object is the same in all reference frames (Scharp 2013, p. 

37). 

He then says that the concepts of proper mass and relativistic mass are replacement 

concepts for the Newtonian concept of mass. According to Scharp (ibid), the constitutive 

principle of the concept of proper mass is that proper mass is the same in all reference 

frames, and the constitutive principle of the concept of relativistic mass is that relativistic 

mass equals momentum divided by velocity. The concept of mass in Newtonian mechanics 

was inconsistent according to Scharp because we live in a relativistic universe where 

momentum divided by velocity is not the same in all reference frames, and the constitutive 

principles of the concept of mass in Newtonian mechanics are inconsistent with this fact. 

Since people used the Newtonian concept of mass, it cannot be said to be meaningless and 

he therefore believes that he has shown that there are inconsistent concepts, not just 

meaningless concepts.

This historical example might be problematic because the distinction between proper and 

relativistic mass is controversial. The physicist Lev Okun, in a series of papers collected in 

his Energy and Mass in Relativity Theory (Okun 2009), argues for example that the 

formulation of relativity that does not use the concept of relativistic mass is better than the 

one that uses it. Some of the reasons he gives is that the use of the concept of relativistic 

mass might lead to misunderstandings, and he also argues that Einstein himself did not use 

this concept. One of the arguments mentioned by for example Jammer (2000) is that the 

concept of relativistic mass leads to the belief that the reason why a particle cannot move 

faster than the speed of light is because something is happening to the particle as its velocity

increases. Since the real explanation is that the geometric properties of spacetime prohibits 

faster than light travel, the concept of relativistic mass is taken to be misleading.
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The relationship between the concepts of mass in relativity and Newtonian mechanics is 

also controversial, and some take this to be one of the best examples of incommensurable 

concepts. On the other hand, John Earman and Arthur Fine (1977), who Scharp mentions 

and criticizes, think that the term 'mass' in Newtonian mechanics simply meant proper mass,

and their reasons are very similar to the ones from the previous paragraph. The idea is then 

that the concept of mass in Newtonian mechanics was consistent and that people simply had

the false belief that mass is equal to momentum divided by velocity. 

Scharp (2013) does not think that they have shown that the concept of mass in Newtonian 

mechanics was consistent. He says for example that the appeal to Einstein is a bad argument

from authority, and he thinks that it is simply obvious that one of the constitutive principles 

of the concept of mass in Newtonian mechanics was that mass equals momentum divided 

by velocity because this was often used in definitions of the term. It is therefore very likely, 

according to Scharp, that people at the time of Newton would say that those who rejected 

that mass is equal to momentum divided by velocity did not possess the concept of mass. 

Scharp therefore concludes that the concept of mass in Newtonian mechanics is a good 

example of an inconsistent concept. 

I will end this discussion here since whether or not Scharp is right seems to depend on our 

views on the nature of concepts. One way to summarize the controversy about inconsistency

is to say that everyone agrees that consistency is a virtue, but there is disagreement about 

whether or not it is a virtue of concepts. What some take to be an inconsistent concept, 

others take to be a false belief because they have a different view on the nature of concepts. 

I don't really see a significant difference between the two views. This is similar to how the 

individuation of concepts does not seem significant for my purposes because it doesn't 

really matter if we are for example talking about a new version of an old concept or a 

completely new concept. The important question is whether or not we are better off. If we 

agree that we have inconsistency, and we agree that this is a bad thing, then it does not seem

to really matter whether or not it is the concept that is inconsistent. We are simply using 

different terms to describe something we all agree is bad. When the inconsistency is 

removed, some will say that we no longer have an inconsistent concepts, while others will 

say that we no longer have a false belief. What matters is that we all agree that this change 

is an improvement. 
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2.3 Introduction to the Literature on Conflation
Conflation is when someone treats two or more distinct things as though they were one, 

where 'things' can for example be individuals or properties. The philosophers who have 

written about conflation, or confusion as some call it, focus on toy examples and want to 

come up with a detailed analysis of what conflation is. Joseph Camp (2002) uses for 

example the following toy example to illustrate what conflation is. Fred has an ant farm 

with two big ants A and B that coordinate their behavior such that only one of them is 

visible to Fred at any time. Fred therefore thinks that there is only one big ant and he calls it

Charley. His concept 'Charley' therefore treats ants A and B as one individual even though 

they are distinct. If for example ant A eats at 8am and ant B eats at 10am, Fred will believe 

that Charley ate at both 8am and 10am.

What Elmar Unnsteinsson (2016) calls the Frege model of confusion says that conflation is 

just about mistaken identity. We might for example say that a person A suffers from 

confused identity at time t if and only if a is not equal to b and A believes that a is equal to b

at time t. We can also take conflation to be a form of ambiguity that we are not aware of. In 

the toy example above, 'Charley' is ambiguous without Fred knowing it, and therefore 

sometimes refer to ant A and sometimes refer to ant B, depending on context. This is 

opposed to the ambiguity of for example the word 'bank' which we are aware of and which 

therefore does not lead to any problems.

Unnsteinsson also mentions what he calls the Millikan model, and says that this view can be

traced back to Ruth Millikan (2000). I won't go into details here since it would take too 

much space to properly explain this view. Readers who want a detailed look at this view 

should consult Camp (2002) who has a book length discussion of it. It is also worth 

mentioning that David Ripley (forthcoming) develops a logic that clarifies the relationship 

between the language with conflation and the language without conflation, and Ripley 

(2017) also explores the relationship between conflation and vagueness.

The point I want to make here is that there is some disagreement about the what exactly 

conflation is, but I am not sure how significant the differences between the Frege model and

the Millikan model are. In the rest of the chapter I will try to remain neutral on this 

disagreement just like I try to remain neural on the nature of concepts throughout this thesis.
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2.4 Case Study: Innate
It's intuitive to think that some traits are innate and part of the nature of an organism, while 

others are learned or acquired during the organism's lifetime and are therefore due to the 

environment. A famous example is Chomsky's view that language is innate because there is 

not enough information in the environment for children to learn grammar, meaning that we 

must be born with the ability to quickly learn a language. The concept of innateness has, 

however, been criticized by many biologists and philosophers of science. This criticism can 

be traced back to the criticism of the concept of instinct and the criticism of the conclusions 

scientists reached from deprivation experiments (See Griffiths 2017 for more historical 

details). In these experiments, animals are raised in an environment where it is believed that

they are unable to learn some characteristic because some variables are removed from the 

environment. If this characteristic is still found in the adults then it is concluded that this 

characteristic is innate. The most famous experiments were done on birds that were raised in

an environment where they could not hear bird songs. Since they still knew how to sing as 

adults, researchers concluded that bird song is innate. Critics argued that these experiments 

only show that the variables that are removed from the environment are not needed for 

some characteristic to develop, and that the characteristic is therefore only innate relative to 

some variables in the environment. 

Contemporary critics of the concept of innateness argue that the concept of innateness 

conflates empirically distinct properties. Patrick Bateson (1991) lists for example seven 

different meanings that the term can have in animal behavior studies: present at birth, a 

behavior difference caused by a genetic difference, adapted over the course of evolution, 

unchanging through development, shared by all members of the species, not learned, and a 

distinctly organized system of behavior driven from within. According to Paul Griffiths 

(2002), the concept of innateness conflates three broader ideas: species nature, intended 

outcome and developmental fixity. I will follow Griffiths because he has the most recent 

publications on these issues, but I don't claim that everything he says about the concept of 

innateness is correct. 

The first of these three conflated notions, species nature, means that a trait is typical or 

universal for all the members of a species. According to Griffiths, the concept of 

20



universality is also conflated since it conflates the properties of being monomorphic and 

being pancultural. A trait is monomorphic if only one form of the trait is found in a species, 

and it is pancultural if the trait is found in all cultures. It is possible for a trait to be 

pancultural but not monomorphic, one example being hair color which is pancultural and 

polymorphic. The second of the three conflated notions, intended outcome, means that the 

organism is meant to have this trait, and the scientific descendant of this idea is that of a 

trait being an adaptation. 

The third of these conflated notions, developmental fixity, is about a trait being hard to 

change, that it is insensitive to the environment or that if the trait does not develop in one 

way then it will develop in another way. The details can be spelled out in different ways, 

one option being Conrad Hal Waddington's (1957) notion of developmental canalization. 

The idea is that a phenotype is produced by a whole developmental system consisting of all 

the genes and their interactions. The existence of the phenotype is explained in terms of the 

developmental system as a whole and not in terms of a few genes. This can be represented 

by the following picture. Imagine a surface with pegs below it that shapes the surface by 

pulling on it, resulting in contours on the surface. On this picture, each point on the surface 

represents a phenotype and the development of an organism is represented by a ball rolling 

on the surface following the contours. The pegs that pull on the surface represent either 

genetic or environmental parameters, and the degree to which a change in these parameters 

will affect the development of will depend on all the other parameters, and therefore on the 

system as a whole. If we make a change to one of the pegs so that an entrance to a canal on 

the surface is blocked, this will have a big impact on the development. On the other hand, if 

a change is made to one of the pegs that determine the shape of one of the hills on the 

surface, then this will have much less impact on the development. 

With this picture in mind, we can say that a phenotype is environmentally canalized if the 

parts of the surface that lead to the point representing this phenotype are insensitive to 

changes to the environmental parameters. We can then say that a trait is developmentally 

fixed if it is environmentally canalized. A phenotype can also be genetically canalized, and 

one of Waddington's motivations when he came up with this idea was to explain how the 

same, or very similar, phenotypes can appear in different organisms, even though the 

organisms have different genes.
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Griffiths (2002) lists several examples of cases that show that these biological properties are

empirically distinct. One of these examples is that all healthy humans have the same bone 

structure in their hands, but since this is something that humans share with all tetrapods, 

there are good reasons to believe that this is not an adaptation. This shows that some trait 

can be typical or even universal in a species, but not be an adaption. Another example is that

in rhesus macaques, a monkey native to places like India and Southern China, the ability to 

recognize emotional expression is an adaption, but it only develops if the animal has the 

right social interaction as an infant. Griffiths says that in general there are many examples 

of adaptations that are very sensitive to the environment and therefore not developmentally 

fixed. Finally, he says, there are many traits that are typical or even universal for a species, 

but not developmentally fixed. The reason is that traits that are typical could either be 

developmentally fixed or they could simply develop in all normal environments because all 

these environments have whatever is needed for this trait to develop. 

So there are good reasons to believe that the these three properties have different extensions,

and a concept that treats them as one will therefore be problematic. Griffiths uses 

experimental philosophy to show that people use all three notions when determining 

whether or not a trait is innate (see Griffiths et al. 2009 for details), and there might 

therefore be empirical justification for the claim that the concept of innateness conflates 

these properties. He also takes the concept of innateness to be part of folk biology and 

basically the same as folk essentialism. The idea is that humans have naive beliefs about 

biology just like we have naive beliefs about physics. Folk physics might for example 

include the belief that heavier bodies fall faster than lighter ones. Griffiths sites research in 

psychology which suggest that children essentialise organisms by assuming that they have 

some unobservable property that makes them what they are. According to this naive belief, 

we can make great changes to the observable properties of organisms and they will remain 

the same because they still have their unobservable essence. He also says that folk 

essentialism is pancultural and developmentally canalized. Note that he does not say that 

folk essentialism is innate since he wants to eliminate the concept of innateness. 

Since the concept of innateness conflates these three notions, Griffiths says that we will get 

illicit inferences from one of them to all the others. If we for example find out that a trait is 

an adaptation we will infer that it is also typical for the species and that it is insensitive to 

the environment. This is very problematic:
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Innateness allows writers to move illicitly from the view that a trait has an adaptive 

history to the view that it is insensitive to environmental influences in development. 

Popular discussions of rape or sexual jealousy inspired by contemporary 

evolutionary psychology assume that we have to live with these aspects of "human 

nature" despite the clearest theoretical commitment by evolutionary psychologists to

the dependence of evolved traits on the developmental environment. 

(Griffiths, 2002, p. 81)

He therefore thinks that we should stop talking about traits being innate and instead use 

different words.

If a trait is found in all healthy individuals or is pancultural, then say so. If it has an 

adaptive-historical explanation, then say that. If it is developmentally canalized with 

respect to some set of inputs or is generatively entrenched, then say that it is. If the 

best explanation of a certain trait differences in a certain population is genetic, then 

call this a genetic difference. If you mean that the trait is present early in 

development, what could be simpler than to say so? If, finally, you want to 

‘blackbox’ the development of a trait for the purposes of your current investigation 

then saying so will prevent your less methodologically reflective colleagues from 

supposing that you think the trait is innate. 

(Griffiths 2002, p. 92)

2.5 Other Examples and Some Comments
In the rest of this chapter, I will call the concept that conflates some things the confused 

concept, and the things being conflated the conflated factors. In the example we just looked 

at, the confused concept is the concept of innateness and the conflated factors are the 

properties of being typical for a species, of being an adaptation, and of being 

developmentally fixed. When we realize that a concept is confused we usually want to 

eliminate it and come up with new concepts for each factor. This seems to be what Griffiths 

is recommending we do with the concept of innateness. We will see that this might not 

always be necessary because the conflated factors could be properties with the same 

extension. Before I move on to more examples, I will give a very simple analysis of the 

inferences we get with a confused concept. This analysis seems to follow directly from what

Griffiths says about the concept of innateness and the illicit inferences it leads to, and it 

seems to work well with the Frege model mentioned in section 2.3. 
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If the confused concept is defined in terms of a property p and the conflated factors are 

properties p1, p2, …, pN, then pi for i = 1...N are all taken to be the same property as p. 

This means that the conflated concept forces upon us the inference that something has the 

property pi if and only if it has the property p for i = 1...N. If we for example find out that 

some trait is typical for a species then we infer that it is innate, and we therefore also infer 

that it is an adaptation and that it is developmentally fixed. Based on this simple analysis of 

the illicit inferences we get with conflation, there seems to be a clear relationship between 

conflation and inconsistency. If we find out that a trait is an adaptation then we conclude 

that it's innate. If we find out that it's not universal then we conclude that it's not innate. So a

trait that is an adaptation but not universal will be both innate and not innate. In general, it 

seems like conflation of concepts with different extensions always leads to inconsistent 

inferences.

There are a lot of examples of conflated concepts in science, both historical and 

contemporary. A historical example is the concept of gene in early genetics before the 

geneticist Wilhelm Johannsen introduced the distinction between genotype and phenotype 

during the first decade of the 20th century. Before this distinction, geneticists only talked 

about the unit-character and what is being inherited was taken to be the same as the trait. In 

other words, a trait like the color of ones eyes was inherited in a very direct way. One of the 

consequences of this conflation is that there can only be a one to one relation between the 

trait and what is being inherited. This conflation therefore imposed limitations upon the 

early geneticists who was unable to see the possibility of a many to many relation between 

genes and traits. Once the distinction was introduced, geneticists could see this possibility 

because there was now a distinction between the potential for a trait and the trait itself. 

A related contemporary example is Lenny Moss' (2003) view that the contemporary concept

of gene conflates what he calls gene-D and gene-P. The basic idea is that to say that a gene 

codes for a protein is very different from saying that there is a gene for a trait. Conflating 

these two concepts is to conflate what Moss calls different explanatory games, and 

according to Moss it leads to genetic determinism. Other examples include the distinction 

between abstract and physical space, the distinction between potential and actual infinity, 

the distinction between sex and gender, and so forth. I think all of these examples illustrate 

the same type of conflation, so I will end this chapter by looking at some examples that I 
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think will illustrate something more interesting about different types or degrees of 

conflation. 

The first example is the concept of number in logic and mathematics before George Cantor 

developed modern set theory in the 19th century, and it illustrates a phenomenon that I will 

call partial conflation. I think it is uncontroversial to say that the following two principles 

were fundamental to this concept, and those who accept the analytic-synthetic distinction 

might even say that they were constitutive of the concept or that they were analytic truths. 

The first principle is sometimes called Hume's or Cantor's principle and it says that if two 

collections A and B have the same size then there is a one-to-one correspondence between A

and B. The second principle is sometimes called Euclid's principle and it says that every 

whole is larger than its parts, which in modern terminology is equivalent to saying that a 

proper subset of a collection A is not the same size as A. 

The combination of these two principles led to Galileo's paradox, which was described in 

Two New Sciences published by Galileo Galilei in 1638. Consider the collection of all 

natural numbers and the collection of all square numbers. The paradox is that it seems like 

these two collections are both the same size and not the same size. It seems like they are the 

same size because there is a one-to-one correspondence between them: for every natural 

number there is exactly one number that is its square number, and for every square number 

there is exactly one natural number that is its square root. It seems like they are not the same

size because the collection of all square numbers is a proper subset of the natural numbers 

since there are natural numbers that are not square numbers. Galileo concluded that we 

should not talk about the size of infinite collections, while Cantor argued that this was the 

wrong conclusion and that we should instead say that Euclid's principle only holds for finite

numbers.

The concept of size before Cantor seems to conflate the property of being in a one-to-one 

correspondence with another set and the property of being a proper subset of another set. 

What is different about this example is that we do not get the exact same inferences as in the

other examples above. Consider two collections A and B and imagine that we posses the 

concept of number as it was before Cantor. If we find out that there is a one-to-one 

correspondence between A and B then we conclude that A is not a proper subset of B. If we 

find out that A is a proper subset of B then we conclude that there is not a one-to-one 

25



correspondence between A and B. But if we find out that it is not the case that A is a proper 

subset of B then we do not conclude anything about their size. In general, it seems like 

partial conflation does not lead to illicit inferences from all conflated factors to all the 

others, but only from some of them to some of the others. In other words, the conflated 

factors are not taken to be the same, but they are taken to be more related than they actually 

are and this leads to inferences that are very similar to those we get with conflation. In this 

example, what Cantor did was to show that the properties are not as related as previously 

thought. The simple analysis of conflation above must therefore be changed if we want to 

include partial conflation. However, since I haven't found more than one example, and since

the analysis could probably be spelled out in different ways, I do not want to spend more 

time on this here.

It is worth mentioning that since this is an historical example, it is, as we saw above with 

the concept of mass, very difficult to show that this is how the concept actually worked. A 

defense of this claim would involve a detailed look at what thinkers at the time wrote about 

the concept of number and I will not do that here. I do, however, find it very plausible that 

the concept did work like this since this would explain the confusion surrounding the 

concept like in the case of Galileo's paradox. Readers who have doubts about this should 

just treat this as a toy example inspired by the history of logic and mathematics that 

illustrates what I have called partial conflation, which might be an interesting phenomenon 

related to conflation.

The concept of number before Cantor also shows that sometimes it's very clear when the 

conflated factors come apart and when it does not matter if they are conflated. In this 

example, the conflated factors are properties that only come apart when we consider infinite

collections. This means that if we are only interested in finite collections, this conflation 

will not be problematic. Another example is the distinction between the concepts of proper 

and relativistic mass. As we saw in the discussion of inconsistency, this distinction is 

controversial and might therefore not be the best example, but it can at least be used to 

illustrate a general idea. Since these two concepts only come apart at high velocities, using a

concept that conflates them will not be problematic when dealing with low velocities. The 

historical conflation of mass and weight is also an example since this conflation is only 

problematic if we go away from earth to do physics.
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Ripley (2017) argues that in case of proper and relativistic mass, it might not be worth the 

effort to make the distinction for ordinary purposes because it is difficult for people who do 

not know relativity to find out which of these two concepts we should use. If we have good 

reasons to believe that we are moving slow enough so that they do not come apart, then we 

can take a risk and conflate these properties. Using a confused concept might therefore 

sometimes be rational. In general the idea is that we should only make the distinction when 

it's worth the effort, that is when it's very likely that the conflated factors come apart so that 

conflating them leads to trouble. If the conflated factors don't come apart in the domain we 

care about, making a distinction between them might be undesirable. In the cases where 

there is no clear domain where the factors don't come apart it is probably too much of a risk 

to use a confused concept and we should make the distinction. 

In these cases the domain where the factors do not come apart is what we might consider 

the familiar domain. Low velocities and finite numbers are for example much more familiar

than high velocities and infinite numbers. This is probably one of the reasons why we often 

conflate things since the conflation in these cases results from an illicit generalization from 

the familiar domain. Similarly, weight and mass are proportional and this was taken as a 

reason to believe that they are the same, resulting in their conflation. More generally, 

conflations arise when different things appear, for one reason or another, to be the same 

thing. 

In the examples above the conflated factors are concepts with different extensions and 

intensions, but we can also have cases where the factors are concepts that have different 

intensions but the same extension. A historical example discussed by Jammer (2000) is that 

the concept of mass can be said to conflate active gravitational mass, passive gravitational 

mass and inertial mass. The active gravitational mass of an object is how much it affects 

others gravitationally or how much it contributes to a gravitational field. The passive 

gravitational mass is how much it is affected gravitationally by other objects. Because of 

Newton's third law, that every action has an equal and opposite reaction, or equivalently 

because of conservation of momentum, these two concepts have the same extension. 

The inertial mass of an object is how much it resists acceleration and it is defined in terms 

of Newton's second law which says that force is equal to mass multiplied by acceleration. In

the next chapter when I talk about operationalism, we will see how it can be defined 
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operationally, but for the present purposes more details are not necessary. According to the 

weak equivalence principle, the inertial mass is equal to the gravitational mass, which 

basically means that at some location all bodies fall with the same acceleration. Jammer 

(2000) goes into detail how this has been tested throughout the history of physics, for 

example that theories of gravity were at one point in the previous century classified based 

on what they take the relationship between inertial and gravitational mass to be.

I won't go into more details since the main point is that these three concepts have different 

intensions but the same extension in our universe. So if the active gravitational mass of an 

object is m, then the inertial mass and the passive gravitational mass will also be m. These 

concepts are therefore only distinct in a very weak sense, and they don't really come apart as

the concepts do in the other examples I have looked at. In a different universe where these 

concepts do not have the same extension, this conflation would be problematic and coming 

up with the concepts of inertial mass, active gravitational mass and passive gravitational 

mass might have been an important conceptual change. Making a distinction between them 

was important since it showed that it is possible for them to be different. In general, 

conflating concepts with different intensions limits our ability to see that there could be a 

significant difference because the extensions could be different. If we then find out that the 

concepts have the same extension, we will conclude that the distinction is unnecessary 

because a concept that conflates these concepts is not problematic. For the sake of 

simplicity, the distinction should therefore be removed, which is what happened with the 

concept of mass in physics. Once physicists found out that the distinction between different 

masses is not significant, they removed it and only talk about one mass. 

In conclusion, there is some disagreement about what exactly conflation consists in, but 

what I take to be uncontroversial is that a lot of progress in the history of science, and also 

in the history of philosophy, is about coming up with new distinctions that lead to better 

inferences and the ability to see more possibilities. The main point that should be taken 

from looking at these examples of conflation is that we should always try to come up with 

new distinctions since properties that look the same could be different in subtle ways or in 

domains we have yet to explore. It seems like the worst that could happen when we make 

new distinctions is that we later find out that they are not necessary and should, for 

simplicity, be removed again.
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Chapter 3 Theoretical Significance and 

Applicability

3.1: Introduction
The main theme of this chapter is the apparent conflict between the virtues that David Hull 

(1997) calls theoretical significance and applicability. First, in section 3.2, I will look at 

theoretical significance, which in short means that scientific concepts should support good 

inferences and explanations. I will also introduce the concepts of homology and species in 

this section, and they will be used as examples later in the thesis. This section will also 

introduce the advantages of monism and pluralism for the first time, and these will come up 

again later when I discuss other resolutions to conceptual debates. I will then move on to 

talking about natural kinds in section 3.3 and the concept of planet will be used as an 

example. The idea is that concepts should be defined so that they will be natural kinds and 

'carve nature at its joints'. I will look at the disagreement about what a natural kind is, and 

the focus will be on the idea that concepts should be defined in terms of intrinsic properties. 

We will see that this is one of the main reasons for disagreement in the debate about the 

concept of planet. 

Then, in section 3.4, I will talk about what Hull calls applicability, which is equivalent to 

saying that concepts should be operational or easy to apply, and it means that it is easy to 

find out whether or not something falls under the concept. I will trace this idea back to 

Percy Williams Bridgman's operationalism, but the goal is not to defend any historical 

claims. Instead, the goal is to show where some of the motivation behind the idea of 

applicability comes from. Finally, in section 3.5, I will look at a proposed solution to the 

species problem called hierarchical pluralism. In short, this solution says that the species 

problem exists because people have conflated theoretical concepts that tell us what 

something is with operational concepts that tell us how to identify something. According to 

this solution, applicability is not a virtue of theoretical concepts but a virtue of operational 

concepts, and the conflict between theoretical significance and applicability is therefore 

removed. The proponents of this solution believe that many of the proposed species 

concepts are actually operational definitions of species and are therefore not competing 

since we want many operational concepts.
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3.2 Theoretical Significance
Perhaps the most obvious type of conceptual improvement in science is when the new 

concept is more theoretically significant than the old one, meaning that the new concept 

supports better explanations, supports more inductive inferences, is involved in more laws, 

allows us to make better predictions, and so forth. I take this to be trivial since saying that a 

good scientific concept should be theoretically significant is just to say that scientific 

concepts should help us reach the main goals of science, namely to explain and predict. 

We have seen some examples of theoretically significant concepts in the two previous 

chapters. In chapter 1, we saw that the classical gene concept could be used to make some 

predictions of inheritance patterns, but that it could only explain phenotypic differences in 

terms of genotypic differences. It was only after the change from the classical gene concept 

to the molecular gene concept that biologists could give causal-mechanistic explanations of 

what happens at the molecular level, that is to explain how genes bring about their 

molecular products. In chapter 2 we also saw that Waddington came up with his concept of 

developmental canalization in order to explain why the same phenotype can develop in 

organisms with different genes. Other obvious examples include the concept of natural 

selection and chemical kinds, and a lot more examples of concepts that are theoretically 

significant will come up later in the thesis.

Since the concept of homology is a good example of a theoretically significant concept that 

will also be used as an example later in the thesis, I will introduce it here. Homology is a 

binary relation between morphological structures, and when two structures are homologous 

they are often said to be the same structure in different species. The forelimb of mammals, 

e.g. the human arm, the wing of the bat and the flipper of the whale, is an obvious example. 

After Darwin, biologists could define homology by saying that structures are homologous if

they are inherited from the same structure in a common ancestor, but the two criteria for 

homology that are still used today emerged before Darwin. One criterion is usually called 

the positional criterion, which means that homologous have the same relative position in 

organisms. The other main criterion is usually called the embryological criterion and it let's 

biologists find homologues by tracing the development of structures during the 

development of embryos.
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Since homology is about ancestral relations, homologues can have very different functions 

because organisms with this structure can have very different adaptive histories. The 

forelimb in mammals is for example used for running, flying, swimming or writing. In 

contrast, two structures are analogous if they perform the same function, an obvious 

example being wings in birds and insects. Analogy does not support many inductive 

inferences because functions can be implemented in many ways. The fact that different 

structures perform the same function does not mean that we can conclude that they have 

many properties in common. The wings of insects and birds have for example very little in 

common. Homologues, on the other hand, usually have many things in common and 

therefore supports inductions to a great degree. As David Wake puts it:

Homology is the central concept for all of biology. Whenever we say that a 

mammalian hormone is the “same” as a fish hormone, that a human gene sequence 

is the “same” as a sequence in a chimp or a mouse, that a HOX gene is the “same” in

a mouse, a fruit fly, a frog, and a human - even when we argue that discoveries 

about a roundworm, a fruit fly, a frog, a mouse, or a chimp have relevance to the 

human condition - we have made a bold and direct statement about homology. 

(Wake 1994, p. 268)

According to Hull (1997), theoretical significance is one of the three main criteria used to 

evaluate species concepts, and the other two criteria are what Hull calls universality and 

applicability. Universality, or generality, means that we should be able to classify every type

of organism using the species concept, while applicability means that the species concept 

should be easy to apply, meaning that we should easily be able to determine which species 

an organism belongs to. Generality will be discussed in some more detail in the next chapter

when I look at unification, and applicability will be discussed in more detail later in this 

chapter. I will also mention that Hull names a fourth criterion that he calls dimensionality, 

and he says that this is a special feature of species concepts. I will get back to this in the 

final pages of this thesis. 

Since the species problem will be used as an example later in this chapter, as well as in the 

next two chapters, I will give a fairly detailed introduction to the debate here (readers who 

want even more details should consult Ereshefsky 2016). According to Richard Mayden 

(1997) there are 21 competing species concepts, but the number varies depending on how 
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concepts are individuated and they are usually put into a few groups of related concepts. 

Perhaps the most famous species concept is the biological species concept which defines 

species in terms of reproductive isolation, meaning that organisms are members of the same 

species if they can interbreed successfully and have fertile offspring. The phylogenetic 

species concept and related definitions of species define species in terms of ancestry. 

Organisms are members of the same species if they are part of the same evolutionary 

lineage, meaning that we can trace their ancestry back to a common ancestor. The phenetic 

species concept and related concepts defines species in terms of similarity, which could be 

morphological similarity or genetic similarity. Finally, the ecological species concept 

defines species as groups of organisms that occupy the same ecological niche, which 

basically means that they exploit the same resources in the environment.

A monist solution to the species problem means that we choose one of these competing 

concepts as the best one and say that this is the right way to classify life. A pluralist 

solution, on the other hand, means that we choose two or more species concepts, maybe 

even all of them, and say that all of these concepts are good concepts that should be used, 

for different purposes, to classify organisms. An advantage of species monism is its 

simplicity. Some may also think that they have good reasons to believe that we should only 

have one species concept, for example that there is some kind of unity to all of life and that 

all organisms have something important in common that should be used as the basis for 

their classification. 

Those who defend a pluralist solution might instead say that biology is a heterogeneous 

discipline and that biologists focus on different properties of organisms depending on what 

they are interested in. The idea is then that biologists should use the species concept that is 

defined in terms of the properties that they find important for their purposes, and that we 

will therefore get different species concepts in different parts of biology. Kevin de Queiroz, 

whose proposed solution to the species problem will be discussed in section 3.5, puts it like 

this.

The existence of diverse species concepts is not altogether unexpected, because 

concepts are based on properties that are of the greatest interest to subgroups of 

biologists. For example, biologists who study hybrid zones tend to emphasize 

reproductive barriers, whereas systematists tend to emphasize diagnosability and 

monophyly, and ecologists tend to emphasize niche differences. Paleontologists and 
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museum taxonomists tend to emphasize morphological differences, and population 

geneticists and molecular systematists tend to emphasize genetic ones. 

(de Queiroz 2005a, p. 6601)

In general we can say that the virtue of pluralism is reconciliation. The idea is that with a 

pluralist solution everyone who got their favorite concept in the plurality of accepted 

species concepts will be happy. A pluralist solution to the species problem will also not put 

the interests of one group of biologists over the others. However, a potential problem with 

pluralism is what I will refer to as the anything goes objection, and it says that pluralism 

might be too liberal because it might seem like we are now allowing too much (Ereshefsky 

2016). Pluralists can respond by coming up with criteria that a species concept must satisfy 

in order to be included in the set of accepted species concepts. Ereshefsky (ibid) mentions 

some possible criteria like empirical testability and internal consistency. These advantages 

and disadvantages of monism and pluralism will come up a lot later in the thesis when I 

look at other possible resolutions to conceptual debates that can be taken as a compromise 

between monism and pluralism and therefore as attempts to get the best of both worlds. 

Hull (1997) ranks the most important species concepts according to the three main criteria 

for a good species concept. The phenetic species concept is perhaps the most general since 

every organism can be compared by looking at how many properties they share. The 

biological species concept, on the other hand, is not universal because it cannot be used to 

classify asexual organisms. However, the biological species concept is theoretically 

significant because the property of reproductive isolation is for example usually taken to be 

part of the explanation of how speciation happens. In short, the idea is that members of the 

same species get isolated somehow and that this leads to reproductive isolation after years 

of separate interbreeding. With this in mind, it is not surprising that some biologists believe 

that populations of interbreeding organisms are the best basis for the classification of 

organisms. 

The phenetic species concept is the least theoretically significant concept because 

morphological properties are not used to explain anything, but are instead in need of 

explanation. To use the common terminology in the literature on explanations, these 

properties are the explanandum, not the explanans. The similarity can be explained by 

saying that the organisms are similar because they are part of the same evolutionary lineage,

33



and this is one reason why the phylogenetic species concept and other species concepts 

defined in terms of ancestry are theoretically significant. So both the biological species 

concept and the phylogenetic species concept are theoretically significant, but they score 

poorly on applicability since they are very difficult to apply. The phenetic species concept, 

on the other hand, is perhaps the most easily applicable species concept because it is defined

in terms of easily observable properties.

Hull (1997) concludes that it is likely that we will never find the ideal species concept 

because none of the definitions of species that have been suggested so far score well on all 

three criteria. He therefore thinks that it is unlikely that we will find a simple monist 

solution to the species problem. I will get back to this when I look at hierarchical pluralism 

in section 3.5.

3.3 Natural Kinds
A natural kind is a concept that is said to 'carve nature at its joints' because it refers to an 

objective category that corresponds to how the world is instead of being arbitrary or merely 

representing human interests (see e.g. Bird and Tobin 2017 for a detailed overview). 

Paradigmatic examples of natural kinds include fundamental particles, chemical elements 

and, somewhat more controversial, species, depending on which conception of natural kind 

one takes to be the right one. Natural kinds are theoretically significant and the members of 

natural kinds have something important in common, for example how electrons have the 

same mass, charge, spin and so forth.

Possible examples of kinds that are not natural are the objects owned by a certain person, 

produced in a specific country or by a specific company, or located withing a certain area. 

According to some people, the constructivists or conventionalists, scientific concepts are 

similar to these examples because they merely reflect scientific interests, which are not 

privileged according to the conventionalists, and scientific concepts are therefore not natural

kinds (Bird and Tobin 2017). Some conventionalists have a metaphysical view and think 

that there are no natural kinds, while others have a more epistemological view and think that

we simply cannot know what the natural kinds are. It is of course also possible to take a 

moderate view and argue that some, but not all, scientific concepts are natural kinds. One 

could for example believe that only the concepts in the physical sciences 'carve nature at its 
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joints'. 

Natural kinds support a special type of explanation that we can call explanation by 

classification or, like Rachel Cooper (2007) does, natural history explanations. The idea 

behind this type of explanation is that we explain why something has certain properties by 

simply saying that it is a member of a natural kind. Cooper is one of the defenders of natural

history explanations, and this is the main reason why she wants to defend the view that the 

concept of mental illness is a natural kind. The idea is that if mental illness is a natural kind 

then we can have natural history explanations in psychiatry even though we do not know 

the underlying cause of the illness. We can for example say that someone has alternating 

manic and depressive phases because they are suffering from bipolar disorder, and predict 

that lithium will help because lithium is an effective treatment of this disease. Natural 

history explanations are also defended by the critics of adaptationism who argue that 

adaptationists overlook this type of explanation (see e.g. Griffiths and Sterelny 1999). They 

argue that we can for example explain why dogs use smell to find food by saying that they 

are mammals. Natural history explanations can also be found in the physical sciences where

we can explain the properties of chemicals by looking at where they are located in the 

periodic table. Copper is for example conductive because it is a metal. Cooper also says that

this kind of explanation is important for farming and other ordinary purposes.

Natural history explanations are often criticized, and even its defenders agree that these 

explanations are incomplete because we can ask why the things belonging to this natural 

kind have these properties. We can for example ask why those suffering from bipolar 

disorder have alternating manic and depressive phases, and the answer should be a causal-

mechanistic explanation of what is going on in the brain of people suffering from this 

disorder. The problem is that this is very difficult and in general we do not have causal-

mechanistic explanations of mental illnesses. Similarly, we can ask why mammals use smell

to find food, and the explanation seems to involve looking at the common ancestors and 

explain why these organisms had this trait. But testing evolutionary explanations is also 

difficult. In general, by digging deeper we can get a deeper or a complete explanation, but 

there are many cases where this is very difficult and the best we can do is a natural history 

explanation. 
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There is a lot of disagreement about what natural kinds are and what is required for a 

concept to be a natural kind.  According to what is often called the traditional conception of 

natural kind, a natural kind must have necessary and sufficient conditions in the form of 

some intrinsic properties such as shape, mass, charge and microstructure that all members of

the natural kind share (Bird and Tobin 2017). These properties are believed to be natural 

properties and the essence of the natural kind. The paradigmatic examples of natural kinds 

according to this conception are fundamental particles and chemical elements. Chemical 

elements are for example defined in terms of their microstructure, that is the particles they 

are made of, so that the natural kind oxygen is for example defined as all atoms with 8 

protons or atomic number 8. Vagueness is also taken by some to be a reason to believe that a

concept is not a natural kind (Bird and Tobin 2017). The reason is that if a concept is vague 

then any sharp distinction is made by humans, not by nature. There is for example not a 

vague boundary between fundamental particles and between chemical elements. The idea 

that concepts should be defined in terms of intrinsic properties and that they should not be 

vague is something that comes up as arguments in the debate about the concept of planet. 

This debate will also come up later in the thesis so I will take a brief look at it here. 

There are two opposing groups in this debate: the planetary scientists who favor definitions 

in terms of intrinsic properties, and the dynamicists who favor relational or historical 

properties (Bokulich 2014). Both groups agree that the concept of planet cannot be defined 

in terms of microstructural properties because some planets are made of rock and metals 

like the terrestrial planets Earth, Mars, Venus and Mercury, the gas giants Jupiter and Saturn

are composed of mainly hydrogen and helium, and the ice giants Uranus and Neptune are 

made of heavier elements like oxygen and nitrogen. More promising intrinsic properties are 

shape and mass limit.

Stern and Levison (2002) suggest a definition in terms of an upper and a lower mass 

bounds. The upper bound is that the mass of the object cannot be so large that it generates 

energy due to nuclear fusion, and the lower bound is that the mass must be large enough so 

that the shape of the object is determined by gravity. This proposal does not include the 

criterion that the object must orbit a star, which means that moons will be classified as 

planets. This is often taken to be counter intuitive and a reason to reject this definition 

(Bokulich 2014). Furthermore, Soter (2006) argues that these definitions are either vague or

arbitrary because there is not a sharp distinction, no unoccupied gap, between spherical and 
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non-spherical shapes.

Dynamicists think that the history of objects, their cosmogeny, is relevant to whether or not 

they are planets. The idea is to define the concept of planet as end products of accretion, a 

process that basically works like this. A gas cloud collapses under gravity and forms a star 

or brown dwarf, while small clusters forms and rotates around it. The objects surrounding 

the star will collide and form larger objects called planetesimals until some of them are 

large enough to gravitationally dominate their orbit and will therefore be classified as 

planets. Planets are small in numbers because there is not enough dynamical room for many,

and they are distinguished from other objects in the solar system like asteroids and moons 

because these objects do not dominate their orbits (Soter 2006). Since Pluto does not 

dominate its orbit it is not a planet according to this definition, and this is something that 

some might found counter intuitive. 

Soter (2006) defines planet using a parameter μ for an object o, and μ is defined as the mass

of o divided by the total mass of all the other objects in o's orbit. This parameter gives us a 

quantitative test to whether or not an object dominates its orbit. Mars has a μ-value of 5100, 

while the closest object from below is Ceres with a μ-value of 0.33. This means that there 

seems to be an unoccupied gap, and therefore a sharp distinction, between the objects that 

have a high μ-value and the objects that have a low value. This definition is therefore not 

vague or arbitrary because there is a very significant difference between planets and other 

objects. 

Critics argue that this definition is in terms of highly contingent relational properties 

because whether or not an object dominates its orbit depends on the other objects in its 

neighborhood. Basri and Brown (2006) say for example that the terrestrial planets would 

not dominate their orbits if Jupiter had not been in their neighborhood. In general, it is 

possible for there to be two objects with the same intrinsic properties, but only one of them 

is a planet because it has help from a larger object and is therefore dominating its orbit. 

Soter (2006) responds by arguing that there is no reason to exclude dynamical 

circumstances and relational properties since these are significant properties, and he also 

says that extrinsic properties are often used to define astronomical objects. The concept of 

moon is an example, and it is possible for there to be two objects with the same intrinsic 

properties, but only one of them is classified as a moon because the other does not orbit 
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another planet.

Another argument against the dynamicist definition is that according to this definition, an 

object can cease to be a planet by being ejected from the solar system (Bokulich 2014). In 

general we can talk about stability, which means that an object cannot go in and out of the 

extension of a concept as a function of time, and there are some who believe that a concept 

must be stable in order for it to be a natural kind. Bokulich (2014) argues that we find 

examples in chemistry where an object goes in and out of the extension of a natural kind, 

for example that potassium-40 is unstable and can transmute into argon-40 if one of its 

protons is turned into a neutron because of positron emission or electron capture. It might be

argued that this is not the same atom in the same way that the planet is the same because the

planet just changed its position, while the atom changed one of its intrinsic properties, 

namely its microstructure. 

I won't go into more details here, and readers who want more should consult Alisa Bokulich

(2014). What I think these arguments from the planet debate show is that philosophers are 

not the only ones who have argued that intrinsic properties are more important than 

extrinsic ones because extrinsic properties lead to contingency and instability. However, as 

Soter (2006) argues, extrinsic properties can be very important. Most species concepts are 

also defined in terms of extrinsic properties like common ancestry and reproductive 

isolation, and in general there are many extrinsic properties in the special sciences that are 

theoretically significant. The idea that concepts must be defined in terms of intrinsic 

properties in order to be natural kinds is therefore viewed by many to be too restrictive, 

especially since concepts like the concept of species that some believe to be paradigmatic 

natural kinds, are not natural kinds according to the traditional conception. People have 

therefore defended other conceptions of natural kinds that I will call non-traditional, and 

they allow relational or historical properties.

A good example is Richard Boyd's (1999) view that some natural kinds are what he calls 

homeostatic property clusters (HPC). An HPC does not have an essence in terms of some 

intrinsic properties that all and only the members of the kind have, but there are many 

intrinsic properties that are correlated with each other. To be a member of an HPC, it is not 

necessary to possess all the properties, which means that there is some variation among the 

members of an HPC. The essence of an HPC is the underlying mechanism that explains 
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why the members of the HPC share many properties and why these properties usually go 

together. The underlying mechanism could be a historical or relational property. The reason 

why organisms that belong to the same species share many properties is for example that 

they are part of the same lineage. Common ancestry is therefore the underlying mechanism 

and species could be described as an HPC. 

According to many philosophers who accept the traditional conception, there should also be

no crosscutting, meaning that no object should be a member of two natural kinds unless one

of them is a subset of the other (Bird and Tobin 2017). This is related to the idea that there is

one objective or natural way to classify reality. John Dupré (1993), however, defends what 

he calls promiscuous realism, which says that there are many ways to classify reality and 

that many classifications reflect the real structure of the world. According to views like this,

crosscutting concepts can still be natural kinds. 

Functional kinds are also taken by many to not be natural kinds because they accept the 

traditional conception (Brigandt 2011). As we saw above, analogy is a functional kind that 

does not support inductions because for example wings can be implemented in many ways. 

In other words, the category is heterogeneous and the members have few intrinsic properties

in common and analogy is therefore not a natural kind according to the traditional 

conception. Similarly, McGinn (1991) argues that if functionalism is the right theory of the 

mind then mental illness is not a natural kind. Cooper (2007) responds by arguing that 

mental illnesses are likely to be implemented in the same way in humans and that for 

example depression will have the same underlying cause in all humans. 

Finally, as Brigandt (2011) says, money is a functional kind that can be implemented using 

metals, paper or electronic devices. Those who accept the traditional conception would 

therefore say that money is not a natural kind since these different ways to implement 

money have few intrinsic properties in common. However, Brigandt (ibid) says that money 

is involved in Gresham's law and that in general it is possible for functional kind to be 

involved in generalizations and laws. Functional kinds can therefore be natural kinds 

according to those who accept non-traditional conceptions since what matters for them is 

that concepts are theoretically significant.

One way to summarize the debate about natural kinds is this. The traditional conception is a 

39



very metaphysical approach to natural kinds that is defended using intuitions, and the 

natural kinds are a subset of the theoretical significant concepts. It is not enough that a 

concept is theoretically significant because it must also satisfy some other conditions in 

order to be a natural kind, for example that it must be defined in terms of only intrinsic 

properties or that there can be no crosscutting. The non-traditional conception, on the other 

hand, is more about just looking at the categories in science and saying that the ones that are

theoretically significant are the natural kinds. This is why Cooper (2007) calls it the kinds in

science conception of natural kinds. Some of them will be defined in terms of intrinsic 

properties and some will be homeostatic property clusters. This approach is therefore more  

pragmatic.

3.4 Operationalism and Applicability
An operational definition is about specifying a way to measure the concept as opposed to 

what might be called a theoretical definition where a concept is defined in terms of more 

basic, fundamental or primitive concepts. The notion of an operational definition can be 

traced back to Ernst Mach who published The Science of Mechanics in 1888. In this work 

he argued that Newton's definition of mass as quantity of matter was not useful enough. He 

therefore proposed his own definition, basically inventing the idea of an operational 

definition in the process. In short, his operational definition of mass uses Newton's second 

law and it says that if we want to determine the mass of a body A we should simply let A 

interact with another body B so that they induce opposite accelerations in each other. We 

can then measure the accelerations and let the mass of B be equal to one. The mass of A is 

then equal to the acceleration of B divided by the acceleration of A (multiplied by minus 

one since the accelerations are in opposite directions). Mach argued that this was an 

improvement because it is now perfectly clear how to determine the mass of a body. 

What is called operationalism started with the Nobel prize winning physicist Percy 

Bridgman and his book The Logic of Modern Physics (Bridgman, 1927). Motivated by 

Albert Einstein's work on concepts in the theory of relativity, as well as his own work on the

concept of pressure as he managed to create higher and higher pressure in his laboratory, 

Bridgman argued that concepts should be defined in terms of the operations needed to 

measure them. In other words, according to operationalism, a concept denotes a set of 

operations and the meaning of the concept is precisely these operations. The concept of 
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mass should for example be defined like we saw above. Bridgman illustrates this idea by 

using the concept of length as an example, and the following is an often quoted passage 

from his book.

We evidently know what we mean by length if we can tell what the length of any 

and every object is, and for the physicist nothing more is required. To find the length

of an object, we have to perform certain physical operations. The concept of length 

is therefore fixed when the operations by which length is measured are fixed: that is, 

the concept of length involves as much as and nothing more than the set of 

operations by which length is determined. In general, we mean by any concept 

nothing more than a set of operations; the concept is synonymous with the 

corresponding set of operations. (Bridgman 1927, p. 5)

The motivation behind operationalism was to make science more objective, precise and 

clear (Hull 1968). The idea is that if scientific concepts are taken to only denote a set of 

operations that can be performed objectively, then it will be clear to everyone what is meant

by the concepts and we have accomplished this goal.

Readers familiar with the history of psychology and the history of analytic philosophy will 

recognize some of these ideas as similar to behaviorism in psychology and logical 

positivism in early analytic philosophy. In short, behaviorism was the idea that psychology 

should be made more objective by only talking about what we can measure, and not about 

introspection or subjective experience. Concepts where given operational definitions, for 

example that the concept of hunger was defined operationally as the time since last feeding. 

Similarly, logical positivism included the verificationist theory of meaning, which says that 

claims that cannot be empirically verified are meaningless. The motivation behind this view

was to criticize the metaphysics of time. Bridgman (1927) says similar things when he lists 

some questions that he takes to be meaningless because they are not operational enough. 

These questions include questions about why nature obeys laws and whether or not it is 

possible for 2+2=4 to be false. 

These ideas also spread to biology where concepts like species and homology were given 

definitions that were taken to be operational by the so called numerical taxonomists. The 

phenetic species concept was favored by these biologists and it was argued that one of the 

advantages of this concept is that it is supposed to be theory free. This means that the same 

classification can be used across theory change and that the classification can therefore be 
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used to compare the theories in a non-cirular way (Griffiths and Sterelny 1999).  For more 

about how operationalism influenced other fields, see Hull (1968) and Chang (2009). 

Operationalism includes a view on how to individuate concepts since different operations 

means different concepts. 

In principle the operations by which length is measured should be uniquely 

specified. If we have more than one set of operations, we have more than one 

concept, and strictly there should be a separate name to correspond to each different 

set of operations. (Bridgman 1927, p. 10; emphases original)

According to Bridgman we have for example many different concepts of length because 

very different operations are used depending on what we are trying to find the length of. We

use for example a ruler when we are measuring the length of objects that are similar in size 

to our own bodies and that move with low velocities. When we are measuring astronomical 

distances, however, very different operations are used. In order to measure the distance 

between for example the earth and the moon we must send a light beam to the moon and 

infer the distance from how long it takes for the light to travel to the moon and back. In 

order to measure the distance between the earth and objects outside the solar system, much 

more complex operations must be used. 

This was taken by many to be too radical and a reason to reject operationalism. Robert 

Bruce Lindsay (1937, p. 458) said for example that 'such an isolation of concepts would 

defeat the very aim of physical science, which is to provide a simple and economical 

description in terms of a minimum number of concepts of the portion of human experience 

which we agree to call physical'. The idea that operational definitions are necessary and 

sufficient for the meaning of concept was another, and perhaps the most important, reason 

to reject operationalism (Chang 2009, Hull 1968). Theoretical concepts, that is concepts that

get at least some of their meaning from a scientific theory as opposed to non-theoretical 

concepts that get their meaning from something we can observe, are simply too useful in 

science because they are the ones that are theoretically significant. Furthermore, as Hull 

(1968) argued, there is no such thing as a theory free concept. The idea is that we must for 

instance use a scientific theory to determine whether or not two operations are instances of 

the same type of operation or if they are instances of different types of operations. 

Operationalism, like behaviorism and logical positivism, is now almost universally rejected 
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and believed to be empiricism taken too far. I think it is important to note that Bridgman 

probably never intended his view to be a general theory of meaning or anything like that, 

and instead simply meant it as an attitude that scientists should have. As Chang (2009) 

points out, Bridgman later said that he did not agree with the view attributed to him. It is 

also important to not go too far in the other direction. Hull (1997, p. 371) says that he was 

'more critical of the operational tendency with respect to species concepts than I now think I

should have been. Maybe philosophers don't have to apply scientific concepts, but scientists

do'. Applicability is still very important and as Hull (1997, p. 372) says, 'a major motivation 

for nearly all later species concepts is the desire to make them more operational'.

As Hull (1997) points out, applicability is different from what he calls universality. If a 

concept is not universal then there are cases that the concept can't be applied to even in 

principle like how the biological species concept cannot be applied to asexual organisms 

because they do not have the relevant property of being able to interbreed with other 

organisms. On the other hand, if a concept is not applicable there are cases that the concept 

applies to in principle but not in practice because applying the concept is simply too 

difficult. 

As we saw in section 3.2, the most applicable species concepts are the ones based on 

similarity because we simply have to observe the organisms. The biological species 

concept, on the other hand, is often criticized for being difficult to apply (see e.g. Crovella 

and Sokal 1992). For another example see Spitzer and Endicott's (1978) attempt to 

operationalize the concept of disease and the criticism of this attempt by Wakefield (1993). 

Applicability also comes up in the planet debate where for example Stern and Levinson 

(2002) say that the concept of planet should not be defined in terms of mode of origin 

because this is not an easily determinable property. Similarly, Basri and Brown (2006) say 

that the concept of planet should be defined in terms of observable properties so that planets

can be differentiated from other objects they could be confused with. 

According to Hull (1997), applicability and theoretical significance are in conflict, meaning 

that if a concept scores well on one of them then it scores bad on the other. The phenetic 

species concept is for example the most applicable species concept, but also the least 

theoretically significant. Similarly, Jasper Reid (2002) says that what he calls 

recognizability, which seems to be the exact same as what Hull calls applicability, is 
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opposed to stability, which I mentioned when I talked about natural kinds and it means that 

things don't easily fall in and out of the extension of a concept. Reid uses water as an 

example and says that it can be defined in terms of easily observable or measurable 

properties in order to make it easily applicable. We can for example say that something is 

water if it is a transparent liquid that freezes at zero degrees Celsius, boils at a hundred 

degrees Celsius, and so forth. The disadvantage of this definition is that it makes the 

concept unstable because these properties, for example boiling point, are easily changeable. 

Something could fall under the concept at the current altitude, but once we take it, say, up to

the top of a mountain the concept will no longer apply. Alternatively, water could be be 

defined in terms of less observable properties and we can simply say that water is H20. This

property is not easily determinable, but it is not easily changeable so the concept will be 

stable. 

In general, what Reid calls essentialism is the view that concepts should be defined in terms

of microstructural properties, while anti-essentialism is the view that we should define 

concepts in terms of macroscopic properties. Essentialism gives us stability since 

microstructural properties don't easily change, but it does not give us recognizability since 

these properties are not easily determinable. Anti-essentialism, on the other hand, gives us 

recognizability, but it does not give us stability. It is important to note that this is not how 

the word 'essentialism' is usually used in the literature on natural kinds. Essentialism usually

means that natural kinds have essences, meaning that there are some intrinsic properties that

are necessary and sufficient for something to belong to a natural kind. The most famous 

example is Hilary Putnam's (1975) claim that H20 is the essence of water, meaning that 

having the microstructure H20 is necessary and sufficient for something to be water. 

I think that Reid focuses too much on stability since applicability seems to be opposed to so 

much more. It seems like Hull is onto something more general and significant, and that 

applicability is opposed to natural kindhood, either if natural kinds are taken in the 

traditional sense or in the non-traditional sense where natural kinds are simply the kinds that

are theoretically significant. We could even say that applicability is opposed to saying 

anything deep about reality. The reason seems to be that easily observable or measurable 

properties are usually very superficial properties that cannot be used to for example explain 

or predict. 
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3.5: Hierarchical Pluralism
As we have seen, species concepts are usually evaluated using three main criteria: 

generality, applicability and theoretical significance. None of them can satisfy all of them, 

which is why people are still arguing about species concepts. The idea behind hierarchical 

pluralism is that there are two types of species concepts (Richards 2010). There are primary 

theoretical concepts that tell us what species are, and there are secondary operational 

concepts that, given a primary theoretical concept, tell us how to identify species. Only the 

primary theoretical concept should be universal and theoretically significant. Since the 

theoretical concept is not easy to apply, it must be supplemented by operational concepts in 

order to give us applicability. Applicability is a virtue of these secondary operational 

concepts, not theoretical concepts, and the operational concepts must therefore be easy to 

apply. The conflict between applicability and theoretical significance is therefore removed. 

The operational concepts must also be theoretically relevant, meaning that they must be, 

according to our best theories, ways to identify species as defined by the theoretical 

concept. Whether or not an operational concept is theoretically relevant will depend on the 

theoretical concept and what our best theories say about the populations of organisms 

referred to by the theoretical concept. 

This proposal was first introduced by Richard Mayden (1997), it is also defended by Kevin 

de Queiroz (1999, 2005b, 2007) and it is discussed in The Species Problem: A 

Philosophical Analysis by Richard Richards (2010). Hierarchical pluralism involves a very 

specific diagnosis of the species problem, namely that the species problem exists because 

people have conflated operational concepts with theoretical concepts. These two types of 

concepts are not in conflict and they should not be evaluated using the same criteria. To 

avoid confusion we can avoid talking about operational concepts and instead talk about 

operational criteria for a concept or follow Carnap (1966) and call them correspondence 

rules. A concept should tell us what something is, while a correspondence rule should tell us

how to identify the extension of the concept. In other words, correspondence rules connects 

theoretical terms with observation. Most species concepts that have been defended are, 

according to this solution, actually just correspondence rules and not real concepts. An 

analogy that might be helpful is to say that the conflation of theoretical and operational 

concepts is similar to a conflation of disease and the symptoms of a disease.
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According to hierarchical pluralism, we want one primary theoretical concept, but many 

secondary operational concepts (Richards 2010). In other words, we don't want operational 

unification, only theoretical unification. Insisting that we should only have one operational 

concept will not lead to more unification, but will only make science harder. This is where 

the name hierarchical pluralism comes from. We should have many species concepts, but 

only one theoretical concept that is privileged. The rest are operational concepts that depend

on the primary concept.

We can illustrate this proposal by imagining a debate about the concept of homology where 

the competing definitions are the definition in terms of common ancestry, the definition in 

terms of relative position and the definition in terms of embryology. We can even imagine 

that some will argue that the definition in terms of embryology is the best definition because

it scores well on both theoretical significance and applicability, while others only score well

on one of these virtues. Hierarchical pluralism as a resolution to this debate would be to say 

that the definition in terms of common ancestry is the primary theoretical concept, and that 

the other two definitions are the secondary operational concepts. Hierarchical pluralism as a

solution to the species problem is simply a more complicated version of this resolution to 

this imagined debate.

According to Mayden (1997) the primary theoretical species concept should be what he 

calls the evolutionary species concept, which defines species as a lineage that is somehow 

separated from other lineages so that it has its own evolutionary or historical fate. 

According to de Queiroz (1999) the primary theoretical concept should be what he calls the 

general lineage concept, which seems to be very similar to Mayden's concept. De Queiroz 

(2005b) claims that this is the species concept that everyone accepts, but biologists disagree 

on the criteria for lineages. In other words, biologists have suggested different operational 

concepts for this general species concept. I won't say more about whether or not Mayden 

and de Queiroz are defending the same theoretical concept, only that if there is a significant 

difference between them then they will probably also disagree on which operational 

concepts should be used since the operational concepts depend on which theoretical concept

we use.

If we go for one of these concepts as the primary theoretical concept then whether or not an 

operational concept is theoretically relevant will depend on what our best theories say about
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evolutionary lineages (Richards 2010). The species concepts that are defined in terms of 

morphological or genetic similarity will be among the operational concepts because 

organisms that are members of the same evolutionary lineages tend to be similar. The 

biological and ecological species concept will also be among the operational concepts 

because reproductive isolation and ecological niches keep evolutionary lineages stable, and 

the property of reproductive isolation is, as I mentioned in section 3.2, also used to explain 

the formation of lineages.

An advantage of hierarchical pluralism is that it seems like it is simpler than a pluralist 

solution. We get theoretical unification since we only have one theoretical concept, and it 

doesn't seem to matter that we do not have operational unification. It therefore seems like 

this solution is just as simple as a monist solution. Furthermore, the anything goes objection

does not seem to work against this solution because we have a good criteria for which 

species concepts will be included, namely that the operational concepts must be 

theoretically relevant. The disadvantage of hierarchical pluralism is that it does not have the 

same reconciliation as a pluralist solution. The reason is that most people involved in the 

debate will only get their favorite concept in the plurality of secondary operational concepts.

As Ereshefsky (2016) points out when discussing de Queiroz' proposal, biologists who 

defend other species concepts usually don't believe that they have only identified evidence 

for the same lineage. Instead, they believe that they have identified the most significant type

of lineage. In other words, they simply don't take their favorite species concept to be just an 

operational concept, but think that it is a theoretical concept that should be the basis for 

classification in biology.

Hierarchical pluralism seems to only be a possible resolution for a very specific type of 

debate that exists because people involved in the debate have conflated operational and 

theoretical concepts, and it might therefore not apply to debates other than the species 

problem. However, in the next chapter I will show that hierarchical pluralism can be taken 

to be a special case of what I will call the unification resolution to conceptual debates. 
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Chapter 4 Unification

4.1 Introduction
In this chapter I will look at the conceptual virtues simplicity, generality and unification. I 

will start in section 4.2 by looking at how unification can be taken to be the combination of 

simplicity and generality. We will see that unification is not only taken to be a virtue in 

conceptual debates, but it is a virtue in science in general, and we will see that there are 

some different views on how important unification is. 

Then, in section 4.3, I will take a look at Ellen Clarke's (2013) general definition of 

biological individuality and how this definition unifies the competing definitions of this 

concept. This general definition will be one of the main examples in section 4.4 when I look

at what I will call the unification resolution to conceptual debates. In short, this resolution is

about coming up with a general definition that somehow includes many of the competing 

definitions in the debate, thereby unifying them and showing that they are actually not 

competing. I will look at different ways this can be done and discuss the advantages of this 

resolution.

4.2 Generality and Simplicity
In the previous chapter we saw that generality is one of the main criteria used to evaluate 

species concepts, and that the biological species concept is often criticized for not being 

general enough because it cannot be applied to asexual organisms. The phenetic species 

concept, on the other hand, can be used to classify every organism and this is something that

counts in its favor. We also looked at Queiroz' general lineage concept and how this general 

definition of species was the foundation of a proposed solution to the species problem called

hierarchical pluralism. In this chapter we will see more examples of concepts that are 

defended by pointing out their generality, and it will become clearer why generality is a 

virtue. 

It is worth mentioning that generality is not just a virtue of concepts. Richard Levins (1966) 

have for example famously argued that models in biology should satisfy three criteria: 

generality, precision and realism. Generality means that we should be able to use the model 
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in many cases, meaning that the model is about what many different biological systems 

have in common. Precision is about the predictions we can make with the model, for 

example if we can predict a number within a small margin of error or if we can only talk 

about how one variable changes if another one changes. Realism is about how close the 

model is to reality or how idealized it is. Levins said that no model can satisfy all three 

criteria at the same time and that biologists must therefore sacrifice one for the others. He 

then looked at examples of models that sacrifice different criteria. This is very similar to 

how Hull (1997) argued that we cannot get an ideal species concepts because it is not 

possible to satisfy all the criteria for a good species concept at the same time. 

Simplicity is also often taken to be a virtue. Stern and Levison (2002), when talking about 

the concept of  planet, say for example that a definition should include as few criteria as 

possible. In the next chapter we will see that Rachel Cooper defends an analysis of the 

concept of disease that she admits is more complex than competing analyses because it 

includes more criteria, but she thinks that this increase in complexity is worth the price 

because her definition is more intuitive than the competitors. In chapter 1 we also saw that 

Carnap (1950) listed simplicity as one of the criteria for a good explication, and he also said

that this criterion is less important than the others. The reason seems to be that simplicity is 

about removing what's not important. In other words, it is only when we have two or more 

concepts that score equally well on the other virtues should we use simplicity to choose 

between them. Simplicity can therefore be taken to be just a secondary virtue. It should be 

fairly obvious that simplicity, just like generality, is usually taken to not just be a virtue of 

concepts but a virtue in general, as showed by the fact that people often talk about Occam's 

razor and similar principles.

Generality and simplicity seems to be different sides of the same coin, and that coin is 

called unification. To see this, consider for example the distinction between active 

gravitational mass, passive gravitational mass and inertial mass from chapter 2. Since these 

concepts have the same extension the distinction is not significant, and we should therefore 

only talk about there being one concept of mass. This concept of mass is in a sense more 

general than for example active gravitational mass, and the whole theory is simpler when 

we only have one concept. In other words, we have more generality and simplicity when we

only have one concept of mass, and therefore more unification. 
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As both generality and simplicity are global virtues that do not only apply to concepts, it is 

not surprising that unification is also is a global virtue. In general we can say that 

unification is the view that we should be able to do as much as possible with as few and as 

simple things as possible, where 'things' can be principles, laws, concepts and so forth. In 

chapter 3 we saw that Lindsay (1937) argued against operationalism by saying that it is in 

opposition to what he saw as one of the main aims of science, namely to give a simple 

description of physical reality with as few concepts as possible. In other words, he took 

unification to be an important scientific virtue. This is a view that is not uncommon, and a 

lot of scientific progress is for example often described as increased unification. The work 

of Newton is often said to have showed that the same laws of physics hold in the heavens 

and on earth, thereby unifying the mechanics of the heavens with the mechanics of the 

earth. Furthermore, Maxwell can be described as unifying electric and magnetic forces, and 

in contemporary physics there are many attempts at unifying quantum physics with general 

relativity.

Unification is also often related to explanation as for example Kitcher's (e.g. 1989) 

unification account of explanation show. In short, this account says that to explain is to 

describe as many different phenomena as possible with as few principles, or argument 

patterns as he calls them, as possible. Related to this is the idea defended by some 

philosophers that we can infer the truth of a theory by arguing that it has more unification 

than its competitors. The basic idea is that we can use inference to the best explanation to 

infer that something exists, and explanation can be spelled out in terms of unification. A 

recent example is Timothy Williamson's (2013) work on metaphysical modality in his book 

Modal Logic as Metaphysics. In short, he defends what he calls necessitism, which is the 

controversial claim that necessarily, everything necessarily exist. In order to defend this 

claim he uses a methodology he takes to be scientific, or at least inspired by science. The 

idea behind this methodology is to use modal logic so that the predictions of a theory are 

precise, and theories are evaluated by looking at how accurate they can predict commonly 

held beliefs about metaphysical modality and how unified they are. He comes up with what 

he takes to be the best theory according to these two criteria, and shows how necesitism is 

true according to this theory. For an excellent criticism of methodologies similar to 

Williamson's, see Juha Saatsi (2017). 

I won't go into more detail as I am already slightly off track. My point is that even though 

50



unification is usually believed to be a scientific virtue, not just of concepts but of science in 

general, there seems to be some disagreement about how important it is. Some take it to be 

a secondary virtue and that it is just about removing what is not important. Others take it to 

be much more important and think that it should be a very significant part of our 

methodology. This should be kept in mind in the rest of this chapter when I look at attempts 

to come up with general definitions in order to unify competing definitions. 

Before I move on it is worth mentioning that the two most straightforward ways to resolve a

debate, monism and pluralism, do not only apply to conceptual debates. In general, monism 

is the view that we should only have one thing, where 'one thing' can be one logic, one 

foundation of mathematics, one account of explanation, one species concept, one 

methodology, and so forth. Pluralism, on the other hand, is the view that we should have 

many things. The advantages and disadvantages of these two resolutions that I mentioned in

the previous chapter when I looked at the species problem, seem to hold in general. 

Unification is a general reason to prefer monism since it is always simpler to only use one 

thing than to use many things. Reconciliation or tolerance is a general reason to prefer 

pluralism since a pluralistic resolution will always make many people happy. The anything 

goes objection against pluralism is also something that holds in general since one could 

always argue that we are being too liberal when we allow many things to be used. Logical 

pluralism, the view that there is no right logic but many equally legitimate logics, might be 

a very good example of something that many people would describe as being too liberal and

allowing too much. 

There might also be what could be called local or domain specific arguments in favor of 

monism or pluralism. In chapter 3 I briefly mentioned what might be domain specific 

arguments in favor of species monism and pluralism, for example that we should go for 

pluralism because biology is a heterogeneous discipline. There will probably be a lot of 

local arguments like this, and some of the reasons one might have for believing that there 

should only be one logic might for example be very different from the reasons one might 

have for believing that we should only have one species concept. I will not say much about 

such arguments since the focus will be on the global reasons to accept different resolutions 

to conceptual debates, but I will come back to this in the final chapter. 
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4.3 Case Study: Biological Individuality
In philosophy of biology, there is a debate about how to define the concept of biological 

individuality, and Ellen Clarke (2013) lists 15 competing definitions. These definitions have

the same extension when we are studying mammals, but in for example plants and insects 

things get much more complicated and the definitions are not coextensive. In such cases, 

biologists often disagree about whether or not two living masses are the same individual. 

Clarke goes into great detail about why the concept of biological individuality is a 

theoretically significant concept and why it is important that biologists agree on a definition.

The main reason is that we need to count individuals in order to talk about fitness since the 

fitness of an organism is defined in terms of how many of its offspring survive and 

reproduce. If biologists use different definitions of biological individuality they will 

disagree on how many offspring an organism has and will therefore disagree about how fit 

the organism is. 

Clarke uses aphids to illustrate how using different definitions of biological individuality 

can lead to different predictions and explanations of how traits change over time. The 

problem lies in the fact that aphid females spend all summer reproducing asexually, before 

they reproduce sexually once a year. Clarke shows that in this example those who use the 

bottleneck definition of biological individuality might get a different fitness measure than 

those who use the sexual definition. According to the sexual definition, a biological 

individual is a living mass that develops from a zygote by mitosis, while according to the 

bottleneck definition an individual is a living mass that develops from a bottleneck stage in 

the life cycle, where a bottleneck stage means that the phenotype consists of a single cell. 

Those who use the sexual definition will say that all the clones of a female aphid are 

spatially separate parts of the same individual, and that the offspring of a female aphid are 

just the living masses that develop from zygotes when the females reproduce sexually once 

a year. On the other hand, those who use the bottleneck definition will count all the clones 

in the summer as offspring since they develop from a bottleneck, and they will also count 

the living masses that develop from zygotes since zygotes are bottlenecks. Clarke then looks

at the possibility that clones with mutations that increase their fitness can arise during the 

summer and there will therefore be selection. Those who use the sexual definition will 

overlook this selection and get the wrong fitness measure, and this will affect their 
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explanations and predictions of how traits change over time. 

Clarke goes into more detail with this example, but I think that I have said enough to 

convince the reader that counting individuals is important. I will therefore move on to 

Clarke's general definition of biological individuality, which is a very good example of what

I call unification resolution. According to this general definition, a biological individual is a 

living mass that implements what Clarke calls individuating mechanisms. There are two 

kinds of individuating mechanisms, and both types must be implemented in order for a 

living mass to be an individual. The first type is called policing mechanism, and it is any 

mechanism that decreases selection within the living mass. The second type is called 

demarcation mechanism and it is any mechanism that increases selection between the living

mass and other living masses. The motivation behind this definition is that there is selection 

between individuals, not within individuals. The concept of biological individuality is now a

continuum. If a living mass A implements more individuation than a living mass B, then A 

is an individual to a greater degree than B. 

With this definition, the different definitions of biological individuality are no longer 

competing because they are simply different ways to implement a general definition. 

Biologists should therefore stop arguing about which definition is the correct one because 

they have simply identified different individuating mechanisms. The motivation behind the 

bottleneck view is for example that a living mass that develops from a bottleneck will be 

genetically homogenous because the cells that make up the living mass will be clones of 

one cell and their DNA will therefore be based on the same template. What this means is 

that there will be little to no competition within the living mass and therefore no selection 

within it that comes at a cost of the living mass as a whole. Clarke mentions that Richard 

Dawkins argues explicitly that only genetically homogenous masses can be individuals for 

this reason. The problem is that a bottleneck only reduces genetic variation and that there 

will always be some variation because of mutation. According to Clarke, those who defend 

the bottleneck definition have only identified one of many policing mechanisms that 

decreases the competition within a living mass. 

Similarly, those who defend the sexual definition have identified a demarcation mechanism 

because sexual reproduction is a way to increase competition between living masses since it

increases variation between them. Another example is that those who defend the definition 
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in terms of spatial boundaries have also identified a demarcation mechanism. According to 

this definition, a biological individual is a living mass that is connected physically so that it 

is a continuous mass with no separate parts. In other words, there is a boundary such as cell 

walls or skin cells so that there is an inside and an outside of the individual  This is a 

demarcation mechanism because physical boundaries means that there is more variation 

between the living mass and other living masses, than withing the living mass itself. 

According to Clarke, it is an advantage that her general definition of biological individuality

is a continuum. The reason is that only with a continuum can we explain how we go from 

no selection to a low degree of selection without circularity. Complex individuating 

mechanisms like development from a zygote cannot be a product of selection and required 

for selection at the same time. This problem is solved by saying that only very simple 

individuating mechanisms are required for selection, and that these simple mechanisms are 

not the product of selection. Clarke illustrates this using an example where cells mutate and 

become sticky so that they will start forming a unit by sticking together. The cells will 

therefore make up an individual to a greater and greater degree as more and more stick 

together. Since this stickiness is a product of mutation, the circularity is avoided. The 

stickiness is required for selection, but it is not a product of selection. 

There is a possible problem with the fact that the concept of biological individuality is now 

a continuum, namely that it is now vague and vague concepts make counting hard. As we 

saw in the beginning of this section, biologists need to count individuals in order to talk 

about the fitness of an organism. This is why we needed an agreed upon definition of 

biological individuality in the first place, and Clarke makes it very clear that a definition 

should help biologists when they decide what to count. Now that the concept is vague, 

counting individuals is difficult for the same reason that counting bald people is difficult: 

there can always be cases where it is unclear whether or not the concept applies. With 

Clarke's definition it is not clear how much individuation must be implemented before a 

living mass should be counted. She only says that living masses should be counted as 

individuals if their capacity to participate in selection cannot be neglected, and that it will be

a matter of pragmatics whether or not we can neglect the selection. I won't discuss this here 

since the reason I include Clarke's view is to use it as an example in the next section, but it 

seems like more needs to be said about her definition's ability to guide biologists in 

counting decisions. 

54



4.4 Unification Resolution
What I call the unification resolution to conceptual debates is about finding something that 

the competing concepts have in common and then use this to come up with a general 

definition that somehow includes the competing concepts. The idea is that this will show 

that the competing concepts are actually not competing, thus ending the conceptual debate. 

The motivation behind this kind of resolution is to harness some of the advantages of both 

monism and pluralism, and it can be taken to be a combination of, or a compromise 

between, these two approaches. We have seen two examples of this kind of resolution. In 

chapter 3 we looked at a solution to the species problem called hierarchical pluralism, and 

in the previous section we looked at Clarke's definition of biological individuality. These 

two examples illustrate different types of unification, and I will start this section by looking 

at a general definition of homology that will illustrate a third type of unification.

The concept of homology was introduced in the previous chapter and I will now give a brief

introduction to its role in contemporary biology. In short, there are a few different homology

concepts that are used in different areas of biology. Only some biologists talk about what is 

often called serial homology, that is the idea that there is not only homology relations 

between traits or structures in organisms from different species, but that there can also be 

homology relations between structures or traits in the same organism. One way to put it is 

that serial homology is about the same building blocks being used many times in the same 

organism, or that different parts of an organism use the same design. Serial homology is 

important in developmental biology because the goal is not only to explain why the same 

structures develop in organisms from different species, but also to explain how the same 

structures develop many times in the same organism. Examples of serial homology include 

each vertebrae in the spine and the leaves in a plant. 

Leigh van Valen's definition of homology is an attempt to come up with a general definition 

of homology that includes all the different ways biologists talk about homology.

All homologies involve a continuity of information. In fact homology can be 

defined, in a quite general way, as correspondence caused by a continuity of 

information. (van Valen 1982, p. 305)

In other words, this general definition says that there is a homology relation between two 
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structures if the same information is used as the foundation for the design of these two 

structures. This definition includes different homology concepts because we can spell out 

'information' in different ways, giving us the different homology concepts used in 

contemporary biology. As van Valen puts it:

Here I argue that a consideration of the causes of homology provides a unifying 

thread and that the apparently disparate relations called homology really can be 

considered as one. (van Valen 1982, p. 305)

This definition is also favored by V. Lousie Roth (1988, p. 2) who calls it 'the most succinct,

comprehensive, and ideologically neutral definition of homology yet proposed'. She 

continues by stating that the beauty of this definition 'lies in its flexibility: the definition can

be used by adherents to any school of thought by simply specifying the relevant kind of 

information' (ibid). The basic idea is that biologists should not criticize each others' 

definition of homology because they are just spelling out this general definition in different 

ways.

We now have three examples that illustrate different types of unification, but before I go on 

to talk about them in some more detail I will very briefly mention three more examples in 

order to show that the unification resolution is something that many have used in attempts 

to resolve debates. The first example is the logical pluralism defended by Jc Beall and Greg 

Restall (2000). As I briefly mentioned in section 4.2, in philosophy of logic there is a debate

about whether or not there is just one correct logic. Competing logics include classical 

logic, relevance logic and intuitionistic logic. Beall and Restall want to unify the competing 

logics and argue that there are more than one legitimate logic. They start with the following 

definition of logical implication and they claim that this definition captures the intuitive 

concept of logical implication.

A conclusion, A, follows from premises, Σ, if and only if any case in which each 

premise in Σ is true is also a case in which A is true

(Beall and Restall 2000, p. 476)

They then show that 'case' in this definition can be spelled out in different ways to give 

different logics. One example is that 'case' can be possible worlds and that we will get 

classical logic with the usual Tarskian models. According to Beall and Restall, none of these

logics is better than the others since they are just different ways of spelling out the general 

definition of logical implication. 
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Alan Templeton's (1989) cohesion species concept might also be a good example. 

According to this species concept, a species is 'the most inclusive group of organisms 

having the potential for genetic and/or demographic exchangeability' (Templeton 1989, p. 

25). The idea is to generalize the biological species concept by saying that reproductive 

isolation is not the only cohesion mechanism that holds a population of organisms together 

and separates it from other groups. Ecological forces play a significant role as well, which 

means that the biological species concept and the ecological species concepts are not 

competing because they are just different ways to implement cohesion mechanisms. It is 

worth mentioning that this is somewhat similar to the general species concepts that are the 

basis for hierarchical pluralism. 

Finally, Kenneth Waters' (1994) general definition of gene might be a good example, but I 

don't have enough space to go through all the complexities of the contemporary gene 

concept. To put it very briefly, which parts of a DNA or RNA sequence are called a gene 

varies with context depending on the questions biologists want to answer, and what some 

biologists call gene might overlap with what other biologists call a gene. Readers who want 

a detailed overview should consult Charbel Niño El-Hani (2007) who also mentions this 

general definition. In short, this general definition of gene includes open clauses and this 

seems like the same type of unification that we get with the general definitions of homology

and logical implication. Which parts of a DNA or RNA sequence should be included when 

talking about a gene depends on how these open clauses are filled in.

Based on the examples I have looked at there seems to be at least three different ways that 

we can come up with a general definition. First, the general definition could include one or 

more ambiguous words that must be given a meaning. Different concepts can then be taken 

to be different ways to spell out the general definition by filling in the open clauses. 

Examples of this include Van Valen's general definition of homology and Beall and Restall's

general definition of logical implication where 'information' and 'case', respectively, can be 

spelled out in different ways to give the different concepts of homology or logics, 

respectively.

Second, the general definition could involve a mechanism that can be implemented in 

different ways, so that the competing concepts are different ways to implement this general 

definition. The best example is Clarke's general definition of biological individuality where 
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the competing concepts can be taken to be different ways to implement individuating 

mechanisms. Templeton's cohesion species concept also seems to be an example of this type

of unification since the biological species concept and the ecological species concepts are 

different ways to implement cohesion mechanisms.

Third, the general definition could be a theoretical concept that tell us what something is, 

and this definition can be operationalized in different ways. What people believed to be 

competing concepts can then be taken to only be different operational concepts that give us 

different ways to measure or identify what the theoretical definition refers to. As I said in 

the previous chapter when I discussed hierarchical pluralism as a solution to the species 

problem, this type of unification seems to only apply to conceptual debates that exist 

because people have conflated operational and theoretical definitions. 

I am not sure if there is a significant difference between the different types of unification, 

but I will make the following observation. When the general definition includes open 

clauses that must be filled in then it seems like there can be a conflict between the different 

ways to spell it out. Take for example the general definition of logical implication. The 

different ways to spell this out give us different logics that are inconsistent with each other. 

What counts as a valid inference according to one logic might be an invalid inference 

according to another. In contrast, the different ways to implement Clarke's general definition

of biological individuality do not seem to conflict, but will instead complement each other 

since a biological mass is an individual to a greater degree than another if it implements 

more individuating mechanics. Similarly, there should not be a conflict between the 

different ways to operationalize a theoretical concept. 

So based on the few examples I have looked at it seems like a general definition involving 

open clauses can lead to conflict between the different ways to spell out this definition, 

while a general definition involving a mechanism or a general theoretical definition will not 

lead to conflict between the different ways to implement or operationalize the general 

definition. I will not conclude that this is something that holds in general since this would 

require more examples than the ones I have looked at, but it might be something that is 

worth exploring. 

The unification resolution to conceptual debates is appealing because it has some of the 
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advantages of both monism and pluralism. This is of course not surprising since this 

resolution is a compromise and an attempt to get the best of both worlds. Firstly, it is a fairly

simple resolution to a conceptual debate because we only have one definition. However, it 

can be argued that it is not as simple as a monist resolution because the general definition is 

not as simple as it looks. Hull (1997) argues for example that the cohesion species concept 

only gives us universality on the cheap and that it would have been much simpler if there 

were only one way to implement cohesion mechanisms. He says for example that it would 

be simpler if reproductive isolation was the only way to implement cohesion mechanisms 

and that the biological species concept was therefore the only species concept we needed. 

This seems correct for the type of unification where the general definition is a mechanism, 

and especially when the general definition involves open clauses. However, it seems 

incorrect when the general definition is a theoretical concept that can be operationalized in 

different ways since this seems to give us all the theoretical unification of a monist solution.

Furthermore, all three types of unification are at least simpler than a pluralist solution. 

The unification resolution will also have at least some of the reconciliation of a pluralist 

resolution. Clarke talks for example about different definitions of biological individuality 

being vindicated by her general definition, and Beall and Restall say that the different ways 

to spell out the general definition of logical implication are on equal footing, even though, 

as I mentioned above, there is a conflict between them. However, as I mentioned in chapter 

3 when I discussed hierarchical pluralism, there might be less reconciliation when the 

general definition is a theoretical concept since most people in the debate will only get their 

favorite concept in the plurality of secondary operational concepts. This will not make them 

happy since they probably believe that their concept is a theoretical concept, not just an 

operational concept.

Another reason to prefer the unification resolution over pluralism is that the former seems to

have a built in reply to the anything goes objection. The idea is that we are not allowing too 

much because a concept must be a way to spell out, implement or operationalize the general

definition in order to be included in the plurality of accepted concepts. In other words, the 

general definition gives us a criterion that concepts must satisfy if they are too be accepted. 

However, this criterion might be unclear when the general definition includes open clauses 

that must be filled in since there might be wrong ways to fill them in. We must therefore 

come up with criteria for the right ways to spell out the general definition and this version 
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of the unification resolution might therefore not be superior to pluralism when it comes to 

replying to the anything goes objection. 

Finally, a possible advantage of the unification resolution that it shares with monism is that 

it might lead to better communication. Clarke says for example that since biologists lack a 

common definition of biological individuality they are often talking past each other when 

discussing for example fitness. This seems less likely if her general definition of organism is

accepted. Brigandt (2010) also says that a possible reason for why we want a general gene 

concept is that it will make communication easier, and similar things have been said with 

regard to the species concept and why biologists need one agreed upon definition. 

Now say that someone has proposed what they take to be a satisfying unification resolution 

to a conceptual debate. How can this proposal be criticized? One way to criticize such a 

proposal is to say that the attempt to find a general definition has failed. Those who put 

forward the proposal claim that they have identified something that competing concepts 

have in common, and this objection is simply to say that this is false. One could for example

argue that the general lineage concept is not the concept that is accepted by all biologists 

and that those who defend for example the biological species concept have not just 

identified evidence for a general lineage, but that they have identified what they take to be 

the most significant type of lineage. 

Another, perhaps very similar, way to object is to say that some ways to spell out, or 

implement, the general definition can be better than other ways to do it. So even though we 

agree that those who propose a unification resolution have found something that the 

competing definitions have in common, one of the competing definitions, or maybe some of

them, might have something special about them that makes them better than the others. One

example might be that some definition of biological individuality is at the lowest level and 

it could be argued that the lowest level is somehow privileged because there is no selection 

below it. This could therefore be the most significant way to implement individuating 

mechanisms. Another example is that one could argue that the way to spell out 'case' that 

gives us, say, classical logic is better than the other ways to spell it out because classical 

logic is somehow privileged. In general, the unification resolution seems to work best if 

what the competing concepts have in common, and what the general concept is defined in 

terms of, is all that makes the competing concepts attractive.
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Chapter 5 Intuitions

5.1 Introduction
This chapter is about the role of intuitions in conceptual change, and I will start in section 

5.2 by looking at the concept of disease. This case study will serve as an example of 

conceptual analysis and we will see that many different analyses of this concept have been 

proposed, including Jerome Wakefield's famous definition of disease as harmful 

dysfunction. This section ends with a brief look at the claim that the reason we have not 

found an analysis of the concept of disease that everyone accept is that this concept is a so 

called family resemblance concept that cannot be given a classical analysis. 

Then in section 5.3, I will take a more detailed look at the notion of a family resemblance 

concept and what I will call family resemblance resolution to conceptual debates. We will 

see that this kind of resolution has not just been proposed for the debate about the concept 

of disease and other debates about conceptual analysis, but also in the species debate. I will 

take a brief look at research in psychology that can be used to defend this kind of resolution 

when the debate is about conceptual analysis and therefore about coming up with a classical

definition of a concept we currently possess. However, I will argue that it is less likely that 

this research can be used to defend a family resemblance resolution to a debate about 

conceptual engineering. The family resemblance resolution will therefore be compared with

the other kinds of resolution that we have seen in earlier chapters, namely monism, 

pluralism and the unification resolution.

Finally, in section 5.4, I will comment on the role of intuitions in conceptual change based 

on the examples from this and earlier chapters. The focus will be on expanding upon the 

distinction between progressivism and conservatism and looking at different views one can 

defend on the role of intuitions in conceptual debates. Before I begin it is worth saying a 

few things about what intuitions can be taken to be. In short there are many different types 

of intuitions, from the intuitions or pre-theoretical judgments that metaphysicians often talk 

about, to the kind of intuitions that chess players talk about when a chess move just feels 

like the best move. Whether or not we believe that intuitions are reliable depends on what 

we mean when we talk about intuitions. One could for example argue that there are good 

reasons to not take our intuitions about metaphysics seriously because our brains did not 
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evolve to do metaphysics. There are also those who are critical of intuition talk in general. 

For an overview of the literature on intuition, see Pust (2017).

The kind of intuitions I will talk about in this chapter are the kind of judgments we make 

when we say that for example an apple is a fruit. In other words, they are judgments about 

what do and do not fall under the concept we possess. If a definition is intuitive in this sense

then it means that it is close to the concepts we currently possess. Since it seems like we 

have at least some access to the concepts we possess and what their extensions are like, I 

take this kind of intuition to be one of the least controversial ones, and something that even 

those who are critical of philosophers who talk about intuitions will accept.

5.2 Case Study: Disease
From the lobotomies performed in the 1940s and 1950s, to all the horrible things done to 

homosexuals when homosexuality was classified as a disease, the dark history of psychiatry

shows that whether or not someone is classified as healthy or sick is really important. 

Treatments are often painful and dangerous, but it is believed that the cure is better than the 

disease. If we try to cure someone that is not ill with a harmful treatment then we are 

harming them for no good reason. The concept of disease is also related to moral and legal 

responsibility since many mentally ill people are usually taken to be less responsible for 

their actions than healthy people. The conceptual debate about how to revise The Diagnostic

and Statistical Manual of Mental Disorders (DSM), which is published by the American 

Pyschiatry Association and includes detailed criteria for the classification of mental 

illnesses, is therefore of great significance. 

Unfortunately I won't have enough space to go into all the developments of the concepts of 

mental illness and the contemporary discussions. Instead, I will use the concept of disease to

illustrate that a debate about conceptual analysis can possibly be resolved by talking about 

family resemblance concepts. Since this is a debate about conceptual analysis, the goal is 

not to come up with a new concept but to describe a concept we already possess. This 

means that unlike earlier debates I have looked at, intuitions play a major role, perhaps even

the only role, in this debate. The overview of different analyses in this section will follow 

Rachel Cooper (2002, 2007). 
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Christopher Boorse (e.g. 1975) defines disease as biological dysfunction, and the idea is to 

capture the intuitive idea that when someone has a disease then something has gone wrong 

and is not functioning the way it should. This analysis is often criticized by pointing out that

homosexuality might be a mental illness according to this analysis, but is at least today not 

considered to be a mental illness by most people. Cooper (2007) gives another counter-

example involving bees. Male bees explode after they have had sex, but this is not a 

dysfunction since it was chosen by natural selection. Cooper argues that if a mutant bee 

does not explode after sex then this would be a disease according to Boorse's analysis, but 

we would intuitively think that this bee does not have an illness because this seems to be in 

the bee's self-interest. 

Because of counter-examples like these, Jerome Wakefield (1992) defines the concept of 

disease as harmful dysfunction, which is the approach that has been adopted by the DSM 

(Cooper 2007). This means that the definition includes a scientific part and a value 

judgment, and it is therefore a combination of the view that disease is a social construction 

and the view that disease is a value neutral and purely scientific notion. This analysis can 

deal with counter-examples like the ones above. Homosexuality is for example not a mental 

illness according to this analysis because it is not harmful. However, Cooper (2007) argues 

that there are some counter-examples, for example that sociopathy and some anxiety 

disorders might be adaptations and therefore not illnesses according to the harmful 

dysfunction analysis.

Cooper (2002) also argues that the idea of analyzing disease in terms of dysfunction is 

problematic because it is difficult to spell out 'function' in a good way. One possibility is to 

define 'function' in terms of a reference class, so that the function of some system in an 

individual is what the system typically does in the members of the reference class that this 

individual belongs to. The problem is to define the reference class in a way that makes the 

analysis immune to counter-examples. Cooper argues that the reference class will be too 

broad if we say that the members of the reference class are the individuals of the same 

species, sex and age. Athletes have for example lower heart rates than normal people, and 

Cooper says that this means that the members of a reference class must have gone through 

similar training. Cooper concludes that the reference classes must be very small, which 

makes it very hard to use reference classes in order to identify functions.
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Another possibility is to say that the function of some system is what it was naturally 

selected to perform. Cooper (2002) says that the problem with this definition is to specify 

when selection pressure is relevant. If we for example say the function of a system is to do 

F if it was originally selected to do F, then we will get counter-examples where a trait was 

selected because it did something, but is currently used for something else. One example 

mentioned by Cooper is that wings was originally selected for heat regulation and where 

only later selected for flight, which means that we get the counter-intuitive conclusion that 

the function of wings is heat regulation instead of flight. 

Another possibility mentioned by Cooper is to say that the function of a system is to 

perform a function F if selection is currently responsible for maintaining the system because

it performs F.  Cooper says that shortsightedness is a counter-example to this definition 

because intuitively short sighted people have a disorder, but since shortsighted people are 

probably just as fit as everyone else because they can wear glasses, this is not a dysfunction 

according to this definition. She concludes that the most promising possibility is to say that 

the function of a system is to perform F if selection has been responsible for maintaining the

system in the recent past because it performs F. The problem with this definition according 

to Cooper, is that even if it is possible to define 'recent past' in a way that makes the 

definition immune to counter-examples, the definition will probably be arbitrary. 

Because of all these problems with the notion of function, Cooper (2002) offers an analysis 

of disease which does not involve dysfunction as a criterion. Instead she says that the 

following three criteria are necessary and sufficient for a condition to be a disorder. First, 

the condition must be harmful or a bad thing to have. Second, the afflicted person must be 

unlucky, which means that the majority of people similar to the afflicted person are better 

off. This criterion is added to rule out uncomfortable but normal conditions like teething, 

and is according to Cooper more flexible than the use of reference classes. Third, the 

condition must be potentially medically treatable. Cooper (2007) calls this a messy account 

because it includes more criteria and is therefore less simple than the above accounts. She 

says that the increased complexity is worthwhile because she thinks that this analysis is 

more intuitive than the competitors. 

Cooper (2007) also mentions two other analyses of disease. First, Bill Fulford (1989) 

defines disorder as the inability to perform ordinary actions. Cooper thinks that 
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disfigurement is a counter example to this analysis because being disfigured does not hinder

any actions and would therefore not be a disorder. I am not sure about this example since 

disfigurement might give people lack of self-esteem and therefore hinder a lot of actions, 

but I won't discuss this here. Cooper also mentions what she calls Aristotelian accounts of 

disorder which say that disorders are conditions that hinder human flourishing. The problem

with this definition is according to Cooper that we must make a distinction between vices 

and disorders, and she considers the possibility that we are responsible for vices, but not for 

disorders. She says that this doesn't work because of for example the following counter 

example. If someone is aggressive and hits someone, then it is a vice if they are responsible 

and a disorder if they are not. If the aggressiveness was imposed on them by their parents 

then they are not responsible for it and this account leads to the counter intuitive conclusion 

that the aggressiveness is a disorder. 

With all these competing analyses one might start to wonder if it is actually impossible to 

come up with an analysis of the concept of disease. This brings us to Scott Lilienfeld and 

Lori Marino's (1995) famous article where they argue that the concept of disease is a family 

resemblance concept. In short, according to this view there are no properties that all and 

only the conditions we call diseases have in common, and whether or not a condition is 

disease depends on its similarity to paradigmatic disorders like schizophrenia and cancer. 

Wakefield (1999) has a detailed discussion of this view, but I will not go into more details 

and simply use this as a transition to the next section where I discuss what I will call the 

family resemblance resolution to conceptual debates. 

5.3 Family Resemblance Concepts
A family resemblance concept is a concept that is not defined in terms of necessary and 

sufficient conditions that must be satisfied in order to fall under the concept, but in terms of 

some prototypical examples of things that fall under the concept. The concept applies to 

something if it is sufficiently similar to the prototypical examples. In other words, the 

prototypical examples have some properties and a family resemblance concept has a 

probabilistic structure so that the concept applies to something if it has a sufficient number 

of these properties. This means that the things that fall under a family resemblance concept 

do not have a set of properties in common, but they make up a cluster of more or less 

similar things. The idea of a family resemblance concept goes back to Ludwig Wittgenstein 
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(1953) and was introduced to psychology by Eleanor Rosch (1978) who was the first to 

experimentally test these ideas. For this reason, family resemblance concepts are also often 

called Wittgensteinian or Roschian concepts. 

Wittgenstein famously used the concept of game as an example, and argued that it is not 

possible to come up with necessary and sufficient conditions for this concept. The reason is 

that very different activities such as board games, card games, ball games, and sports fall 

under this concept, and there is nothing that all of them have in common. Games can have 

many properties like requiring luck, requiring skill, being played with certain objects, being 

competitive, having winners and losers, being fun, having rules, and so forth, but none of 

these properties are necessary and sufficient for an activity to be called a game. Wittgenstein

concluded that the concept of game does not have a classical structure and that whether or 

not something is a game is determined by how many of these properties it has, or how 

similar it is to prototypical examples of games like chess, poker and football.

Let's say that there is a conceptual debate where for each one of the competing definitions 

there are one or a few properties that this definition takes to be necessary and sufficient 

conditions for a concept. What I will call a family resemblance resolution to conceptual 

debates is to argue that the concept has or should have a family resemblance structure and 

that none of the properties that the competing definitions take to be necessary and sufficient 

are in fact necessary and sufficient. Instead, some or all of these properties are taken to be 

the properties that define a family resemblance concept. In the rest of this section I will take

a look at the general arguments that can be used to defend the family resemblance 

resolution. 

First, let's say that the conceptual debate is about conceptual analysis like in the example 

above where the goal was to analyze the concept of disorder. This means that the goal of the

debate is not to improve a concept but to describe a concept we already possess. A family 

resemblance resolution to such a debate can be defended by pointing to research in 

psychology. The reason is that family resemblance concepts became popular in psychology 

because of their ability to explain some experimental results where some things are taken by

ordinary people to be more representative of the things that fall under a concept than other 

things (see e.g. Margolis and Laurence 2014 for an overview). This phenomenon is called 

typicality effects and one example is that apples are taken to be more representative of the 
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things that fall under the concept of fruit than plums. The most typical cases are also judged 

to fall under the concept faster than the less typical ones. Some argue that these experiments

show that concepts have a family resemblance structure and that we will therefore never be 

able to analyze them in terms of necessary and sufficient conditions. 

Another argument is to point out failed attempts to find necessary and sufficient conditions. 

This could be a general argument where one points out failed attempts to analyze many 

different concepts. A famous example is Edmund Gettier's (1963) counter examples to the 

analysis of knowledge as true, justified belief, and all the failed attempts to find an analysis 

that is immune to so called Gettier examples. It could also be more local and focused on 

failed attempts to analyze the specific concept being debated. We could for example argue 

that the concept of disease is a family resemblance by pointing out all the different analyses 

of this concept and argue that they all fail. Those who disagree with the family resemblance 

resolution can reply by arguing that even though there have been many failed attempts to 

analyze a concept, it is too early to conclude that the concept has a family resemblance 

structure. Cooper (2007) argues for example that it is too early to conclude that the concept 

of disease has a family resemblance structure because new analyses are still being proposed 

and tested against intuition. I'm not sure how productive these discussions are since it is far 

from clear how many failed attempts there must be before we can conclude that a 

conceptual analysis will not be possible. The argument that appeals to research in 

psychology seems therefore to be more promising. 

Now let's say that the conceptual debate is not about conceptual analysis but about 

conceptual engineering. Massimo Pigliucci (2003) has for example defended a family 

resemblance solution to the species problem. The idea is that the species concept should 

have a family resemblance structure and be defined in terms of the properties that the usual 

species concepts take to be necessary and sufficient, such as reproductive isolation, 

ecological role, phylogenetic relationships, and genetic and morphological similarity. How 

can a family resemblance resolution be defended when the debate is about conceptual 

engineering? 

The argument that appeals to research in psychology seems less promising when the debate 

is about conceptual engineering, and the reason is that the research in psychology seems to 

be about the concepts we currently possess, while this type of conceptual debate is about the

67



concepts we should possess. It might be possible to change the argument so that it applies to

this kind of conceptual debate. One idea is to claim that research in psychology show that 

all the concepts that humans could possibly possess have a family resemblance structure. If 

it is not possible for humans to possess classical concepts then we cannot say that we ought 

to use a concept with a classical structure since ought implies can. Alternatively we could 

draw a weaker conclusion from the research and say that the research in psychology show 

that family resemblance concepts are much easier for humans to possess and use, and that 

we therefore have a good reason to define our concepts as family resemblance concepts. I 

am not familiar with the literature so I do not know how controversial these claims would 

be, but they are certainly stronger than the claim that some, or even all, of our current 

concepts have a family resemblance structure. I therefore think that we need to draw 

stronger conclusions from the research if we want to argue that it has implications for 

conceptual engineering. 

It might therefore be better to defend a family resemblance resolution to a debate about 

conceptual engineering by pointing out failed attempts at engineering a concept with a 

classical structure that satisfies many of the criteria for a good scientific concept. One could 

for example point to all the attempts to define species in terms of necessary and sufficient 

conditions and say that none of these definitions satisfy all the criteria for a good species 

concept. We should therefore just say that the species concept is a family resemblance 

concept and let this be the end of the debate. This kind of argumentation does of course 

suffer from the same problem that we saw above since it's not clear when we can conclude 

that there have been enough failed attempts.

How does the family resemblance resolution compare to the other resolutions we have 

looked at? Firstly, the family resemblance resolution can be said to be simpler than the 

pluralist resolution because we only have one concept. How simple it is depends on how 

many properties are used to define the concept, so a family resemblance resolution will 

probably not be as simple as a monist resolution since more properties are usually used to 

define a family resemblance concept. Secondly, a family resemblance resolution seems to 

have the same reconciliation as a pluralist or unification resolution. The reason is that 

everyone involved in the debate, or at least most people, will get their favored properties in 

the plurality of properties that defines the family resemblance concept. Their favored 

properties will simply be prioritized less than it would in a monist resolution.
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However, a family resemblance concept is much less precise than a concept with a classical 

structure, which seems to be a fairly big disadvantage. I haven't talked much about precision

in earlier chapters except when I briefly looked at Carnap's notion of explication, but the 

basic idea is that a family resemblance concept is imprecise because it is not clear how 

many properties must be satisfied for something to fall under the concept. This means that 

there will be a lot of unclear cases and no clear border between the things that fall under the 

concept and the things that do not. Pigliucci (2003) argues that biologists can make it more 

precise in different ways to fit their purposes, but it might be argued that this makes the 

resolution very similar to pluralism and therefore not as simple as one might have thought. I

am therefore not sure if there is a significant difference between pluralism and the family 

resemblance resolution.

5.4 Some Comments on Intuition
Now that we have seen some examples of conceptual debates where intuitions are used to 

defend and criticize definitions, I want to comment briefly on the role of intuition in debates

about scientific concepts. First I want to expand on the distinction I made in chapter 1 

between conservatism and progressivism. Recall that conservatism is the view that we 

should be skeptical about conceptual change, while progressivism is the view that we 

should criticize our concepts and welcome conceptual change. I said that this distinction is 

very common and drawn implicitly or explicitly by everyone who describe their work as 

conceptual engineering, conceptual ethics or something similar. 

Conservatives are mostly interested in describing our current concepts and want to clarify 

what we mean when we use them. They are therefore interested in doing conceptual 

analysis where intuition is the only way, or at least by far the primary way, to defend a 

definition. Progressives, on the other hand, want to improve our concepts and care therefore

much less about intuition. This is of course a continuum with two extreme positions at the 

ends. We can say that extreme conservatives want no change at all, while extreme 

progressives do not care at all about intuitions. However, I do not think that anyone actually

holds these extreme positions. And even if we find ourselves on the progressive side of the 

spectrum, we might still be interested in some form of conceptual analysis in order to clarify

what we mean by some concepts. This seems especially important when it comes to 
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concepts of practical significance like the concept of disease. The difference is that 

progressives will also take a critical look at concepts and see if they can somehow be 

improved. It is worth mentioning that the distinction between progressivism and 

conservatism might depend on how we individuate concepts. What some might take to be a 

drastic change from one concept to another, others might see as a small change within the 

same concept. We can therefore have two people who both identify as conservatives, but 

only one of them think that the change is too drastic because they describe the same change 

in different ways. 

I think it is obvious based on the previous chapters that a very good reason why we should 

be on the progressive side of the spectrum is that our current concepts could be deficient. 

They could for example conflate properties that do not have the same extension, or there 

could be other concepts that are much more theoretically significant and we should 

therefore use these concepts instead of our current ones. Since there seems to be a very 

good reason to be on the progressive side of the spectrum and always take a critical look at 

our concepts, one might ask why anyone would want to be on the conservative side of 

spectrum. 

Perhaps the most important reason to be on the conservative side of the spectrum is Peter 

Strawson's (1963) challenge to Carnap's notion of explication. In short, this challenge says 

that if we change the meaning of a concept then we are changing the topic. The idea is that 

if we use a concept to ask a question and someone claims to have improved this concept, 

then we are no longer asking the same question. It is therefore possible to argue that this is 

not an improvement because we have not answered the question we started with. Instead, 

we have simply found a new question to ask. One way to put it is to say that we want to 

conserve some concepts because we want to use them to ask questions. 

This challenge seems to only work in philosophy and not in science, but to be fair, I do not 

think that Strawson ever intended this challenge to be used against conceptual change in 

science. The reason is that it is only in philosophy that inquiry often starts by asking a 

question using a concept like justice, responsibility or forgiveness. Scientific inquiry, on the 

other hand, starts with the desire to explain and predict something and concepts are then 

developed to reach this goal. In other words, the explanandum in science is not tied to 

specific concepts, but is instead tied to some data. Conceptual change in science is therefore
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not change of topic because the topic is defined by the phenomenon we want to explain. If 

this argument is correct, then one could argue that unless there is a good way to reply to 

Strawson's challenge, we should be conservative when it comes to concepts that are used to 

ask philosophical questions, and progressive when it comes to concepts that are used for 

more scientific endeavors. I also think that it is also clear from the history of conceptual 

change, and from contemporary conceptual debates, that scientists are progressives who 

usually care little about intuitions when coming up with new concepts.

However, there is not a sharp distinction between concepts that are scientific and concepts 

that are philosophical. This means that there will be a spectrum from the concepts where we

might want to be somewhat conservative to the concepts that are obviously scientific and 

where we might want to be much more progressive. It is also important that we do not go 

too far to the progressive side of the spectrum since it seems obvious that if we have two 

concepts that score the same on other virtues, then we should go with the one that is most 

intuitive. In other words, intuitiveness seems to be an obvious virtue, it is just much less 

important than other virtues like theoretical significance. It should therefore be considered a

secondary virtue just like some might take simplicity to be a secondary virtue. One way to 

put this is to say that new concepts should be as close to the old ones as possible, but that 

intuitiveness should not come in the way of more important goals. One could also say that 

we should not fix things that are not broken and therefore require new concepts to be 

significantly better than the old ones before we accept significant changes. 

There is another reason why one might care about intuitions, namely that one could argue 

that conceptual change should happen slowly. Say that c1 is the current concept, and that 

there are two other concepts c2 or c3 such that c2 is better than c1, and c3 is better than c2. 

For some, the change directly from c1 to c3 might be too fast, and one could defend this 

view by arguing that changes that are too fast might lead to confusion. After some time our 

intuitions have caught up with the change and c2 is now an intuitive concept. This means 

that the change from c2 to c3 might be small enough for those who want slow changes and 

we will therefore move from c2 to c3. Others might argue that we should have fast changes 

because we want to reach our goals as fast as possible, and they might argue that those who 

want slow changes overestimate the risk of confusion. They therefore want to go directly 

from c1 to c3. These two positions can be combined in different ways with progressivism 

and conservatism, and the only combination that does not seem to make much sense is to be
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a conservative who wants fast changes. 

As is often pointed out, a problem with using intuition is that people involved in a debate 

may not share intuitions. In such cases it is not clear what can be said to convince the others

that something is or is not intuitive, and the result seems to be stale and unproductive 

debates that don't go anywhere. Furthermore, there have been studies that claim to show a 

difference in intuitions from culture to culture, for example that people from different 

cultures have different intuitions about Gettier examples and the concept of knowledge (see 

e.g. Pust 2017 for details). If there is variation like this then it is not obvious whose 

intuitions we should rely on. 

We could also ask whether scientists should only care about their own intuitions, or if they 

should also care about the intuitions of non-scientists. In general, I do not think that 

scientists should care about the intuitions of anyone outside of their own field, but there 

might be some exceptions. Basri and Brown (2006) seem to believe that astronomers should

care about the intuitions of non-scientists when defining the concept of planet. 

The definition should have “cultural support”, by which we mean that it cannot 

violate any strong preconceptions held by a large number of people. The word planet

has been around for a long time, and scientists need to take care not to try to change 

too much the meaning of a word that everyone already knows and uses. 

(Basri and Brown 2006, p. 195)

I do not think that the fact that a lot of people use the concept of planet, or that the concept 

has been around for a long time, is a good reason to say that scientists should care about the 

intuitions non-scientists have about planets. Consider the concept of innateness and say that 

Griffiths is correct when he says that the concept of innateness is part of folk biology. Then 

the concept of innateness has also been around for a really long time and it is used by a 

large number of people across cultures. This does not seem like a good reason for scientists 

to not eliminate the concept of innateness if it conflates properties with different extensions 

because this would mean that intuitiveness comes in the way of a much more important 

goal, namely to not use confused concepts with great scientific and practical significance.

That being said, there is something special about the concept of planet. Firstly, the concept 

of planet is a somewhat isolated concept that is only used in astronomy, an it is not part of 

the foundation of scientific theories that are used in many areas in science. In contrast, the 
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concept of electron is for example one of the most significant parts of scientific theories that

are used in many different fields. I also do not think that one of the competing definitions of

planet is significantly better than the others, and it does not seem like astronomy will be 

held back by using any of the proposed definitions. The planet debate will also not have any

practical significance, which is in stark contrast to the concept of innateness which has 

many consequences for politics. By using an intuitive definition of planet we are therefore 

not letting intuitiveness getting in the way of important scientific or political goals like we 

do if we use the intuitive concept of innateness. 

The concept of planet is also much more important for non-scientists compared to other 

scientific concepts. Children usually do not memorize the names of genes, but it is not 

uncommon to know all the planets at a very young age. Basic astronomy is often the first 

science people get into, and the fascination humans have for space is for many the start of 

scientific curiosity. It could therefore be argued that the concept of planet has more cultural 

significance than most scientific concepts, and that definitions proposed by astronomers 

should therefore have cultural support. Because of all these reasons, the concept of planet 

might be one of the few exceptions where scientists should actually care about how 

everyone else use the concept when coming up with definitions.
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Chapter 6 Taking Stock and Looking Ahead

6.1 Introduction
The main goal of this thesis was to give general answers to two questions: What is a good 

scientific concept? What is the nature of conceptual debates in science? Now that I have 

looked at many examples of conceptual change and conceptual debates, and discussed some

of the virtues that philosophers and scientists have put forward as good criteria for a 

scientific concept, I can give my answer to these two questions. I start in section 6.2 with 

what could be considered a summary of the thesis and I show that what I have written in the

four previous chapters can be used to give a partial answer to the two main questions I set 

out to answer. I say that this is a partial answer because I do not claim that I have identified 

all the criteria for a good scientific concept. However, I do think that I have discussed the 

most important and general conceptual virtues. This section ends with a few comments on 

the third question that I said I would say a little bit about: What is the significance of 

conceptual debates in science? 

Whereas section 6.2 is about what I have done, section 6.3 is about some of the things that 

remain to be done and I talk about how the work in this thesis can be continued. Some of 

these ideas will be ideas that I at one point during the process of writing this thesis wanted 

to explore, but decided not to because of lack of space. 

6.2 Taking Stock
Let's start with the first question: What is a good scientific concept? My partial answer to 

this question is a list of conceptual virtues. Since it should be clear from the previous 

chapters what each virtue is, I won't go into details about what they are here. Instead, I will 

make some concluding remarks about them. I think it is useful to talk about at least three 

different categories of conceptual virtues: primary conceptual virtues, secondary conceptual 

virtues and alleged conceptual virtues. The primary virtues are the most important ones, 

while the secondary virtues are less significant and should never get in the way of the 

primary virtues. Finally, the alleged conceptual virtues are virtues that have been put 

forward by philosophers and scientists as criteria for a good scientific concept that may 

actually not be virtues of concepts.
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I will start with what I consider to be the primary virtues, and the main part of my answer to

the first question is that scientific concepts should have these primary virtues. I think it is 

uncontroversial that theoretical significance and the virtue of not conflating distinct 

properties are among the primary virtues. The reason that theoretical significance is a 

primary virtue is, like I said in chapter 3, because it is about reaching what I take to be the 

main goals of science, namely to predict and explain. The virtue of not conflating properties

with different extensions is a primary virtue because, as we saw in chapter 2, it is a very 

common deficiency as showed by all the examples of conflation in the history of science, 

and it leads to some serious problems. I also think that this virtue is related to theoretical 

significance because it is very difficult, if not impossible, to come up with concepts that are 

theoretically significant if we don't make important distinctions. It would for example not 

be possible to develop the molecular gene concept without first coming up with the 

distinction between genotype and phenotype. 

Then there are the conceptual virtues that I have called secondary virtues because they seem

much less important, and I think the best examples are simplicity and intuitiveness. The 

reason why simplicity is a secondary virtue is, as I argued in chapter 4, that simplicity is just

about removing what is not important and that we should never sacrifice for example 

theoretical significance in order to get more simplicity. I think that at least in science, 

intuitiveness is a secondary virtue and the reason is, as we saw in chapter 5, that it is very 

far from the primary goal of science. It should therefore not be allowed to come in the way 

of this goal and it should, like simplicity, be sacrificed in favor of the primary conceptual 

virtues. We should for example not use a concept that conflates distinct properties just 

because it is intuitive. However, as I also said in chapter 5, intuitiveness is obviously a good

thing if we can get it without sacrificing something important.

Finally there are what I consider to be alleged virtues. As we saw in chapter 2, I take 

consistency to be one of the alleged virtues and the reason is that it is not clear if 

consistency is a virtue of concepts or a virtue of something else, like the virtue of only 

having true beliefs. Whether or not consistency actually is a virtue of concepts depend on 

our views on what concepts are. However, I also argued that it probably does not matter if it

is a virtue of concepts and that this disagreement might not be relevant to conceptual 

debates in science in the same way that individuation of concepts is not really relevant. We 
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all agree that inconsistency is a bad thing, and we simply describe the change from 

inconsistency to consistency in different ways.

I also take applicability to be one of the alleged virtues because even though we all believe 

that applicability is important, as we saw in chapter 3 it is not clear if it is a virtue of 

concepts or a virtue of what might be called operational concepts, operational criteria for a 

concept or correspondence rules. Finally, I think that the traditional conception of natural 

kinds represents an alleged virtue. Some argue for example that concepts defined in terms of

intrinsic properties are better than the concepts defined in terms of extrinsic ones. This 

might be intuitive, but as the critics of the traditional conception of natural kinds have 

argued, concepts defined in terms of extrinsic properties can be theoretically significant.

These alleged conceptual virtues bring us to the second question I set out to answer: Why 

do we have conceptual debates in science? I think it is useful to talk about different levels of

disagreement in conceptual debates, and the first level of disagreement is about what a good

scientific concept is. In other words, there can be disagreement about whether or not 

something is a conceptual virtue and this is the reason why scientists don't agree on which 

concept is the best one. There is of course agreement on what I have called primary virtues, 

but whether or not the alleged virtues are actually virtues of concepts is something that 

scientists might disagree about and this is the root of some conceptual debates in science. 

A good example is the alleged conceptual virtue of applicability. Some argue that those who

believe that it is a virtue of concepts have conflated theoretical concepts and operational 

concepts. This is, as we saw in chapter 3, taken by some to be the root of the species 

problem. In chapter 3 we also saw that part of the disagreement in the debate about the 

concept of planet is whether or not a concept defined in terms of intrinsic properties is better

than a concept defined in terms of extrinsic properties. Whether or not vagueness is a vice 

also came up as one of the reasons why there was a disagreement. Some argued that the 

definition in terms of upper and lower mass bounds is vague, and they defended the 

dynamical definition by saying that there is a big unoccupied gap between those objects that

dominate their orbits and those that do not.

Similarly, we can agree that something is a virtue of concepts, but disagree about how 

important it is. This leads to disagreement when we cannot find a concept that can satisfy all

76



the criteria for a good scientific concept. Some might for example argue that the virtues are 

equally important and that the trade-off should be somewhere in the middle, while others 

will argue that one of the virtues is much more important than the others and that we should 

therefore sacrifice the least important virtue for the more important ones. In chapter 3 we 

saw that in the species debate there are those who believe that both theoretical significance 

and applicability are virtues of concepts, and they disagree on how important these two 

virtues are and if one should be sacrificed for the other. How important intuitions are also 

comes up in the debate about the concept of planet since some want to define the concept of

planet so that Pluto will remain a planet because most people, at least at the time of the 

debate, believe that Pluto is a planet. Others argue that intuitiveness is less important. 

The second level of disagreement is that we can disagree about which concept satisfies the 

criteria for a good scientific concept. In other words, there can be agreement about whether 

or not something is a virtue of concepts, and even agreement about how important it is, but 

people can still disagree about which concept is the best one. Everyone agrees for example 

that theoretical significance is important, and I even think that everyone agrees that this is 

the most important virtue. However, in for example the species debate there seems to be 

some disagreement about which concept is the most theoretically significant because it is 

not clear if for example the phylogenetic species concept is more theoretically significant 

than the biological species concept. We could also agree that concepts should be intuitive 

but disagree about which concept is the most intuitive because we do not share intuitions. 

Another example is that it might be hard to evaluate which concept is the simplest one. If 

we are comparing a theory where we have several simple concepts with a theory where we 

have fewer concepts that are a little bit more complicated, then it might be difficult to find 

out which one provides the most unification and people will therefore disagree. 

Finally, the third level of disagreement is that there can be disagreement about the 

resolution to a conceptual debate. In earlier chapters I have compared monism, pluralism, 

unification resolution (including hierarchical pluralism) and the family resemblance 

resolution. Which resolution one prefers depends on a lot of things. Those who value 

unification, or think that pluralism is too liberal, will argue in favor of the monist, while 

those who favor reconciliation will favor a pluralist solution. Those who want a little bit of 

both might instead try to find a unification resolution to the debate. If we also include 

possible domain specific or local reasons in favor of different resolutions, then there will be 
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even more possibilities for disagreement about resolutions to conceptual debates.

Now that we have seen all of these possibilities for disagreement, I don't think it is 

surprising that we sometimes get conceptual debates in science. Before I move on to how 

one could continue the work I have done in this thesis, I want to briefly comment on the 

third question that I said I would say a little bit about: What is the significance of conceptual

debates in science? I think it is clear from some of the examples I have looked at that there 

are conceptual debates in science with both internal and external consequences, especially, 

as we have seen earlier in this thesis, the debates about the concepts of species, innateness 

and disease. The species debate is important because how much it will cost to preserve 

species depends on which species concept we use. The debate about the concept of 

innateness is important because human nature and similar notions are often brought up in 

political disagreements. Finally, the debate about the concept of disease is important 

because talking about someone being sick can have horrible consequences, as showed by 

the history of psychiatry and medicine, and the concept of mental illness is also related to 

moral and legal responsibility. 

What these examples have in common is that the concepts in these debates classify 

something that matters, namely humans and other organisms. I therefore think that those 

who are looking for conceptual debates that have practical significance should find this in 

the social sciences. The concept of planet, on the other hand, do not classify something that 

matters, and has therefore, as I argued in chapter 5, no external consequences. I also argued 

that the debate about the concept of planet will also have few internal consequences as well.

This can be contrasted with debates like the one about the concept of biological 

individuality which, as we saw in chapter 4, seems very important for scientific practice 

because counting individuals is very important in biology. 

6.3 Looking Ahead
Now let's move on to how the work I have done in this thesis can be continued. Firstly, as I 

argued in chapter 5, conservatism seems more plausible in philosophy than in science 

because Strawson's objection to Carnap only seems to apply to philosophical concepts. 

Those who think that there are no replies to this objection will therefore lean conservative 

when it comes to philosophical concepts, and progressive when it comes to scientific 
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concepts. This is something that could be explored in more detail by taking a much broader 

look at conceptual debates and also include examples from philosophy. 

Secondly, it is possible to take a detailed look at how relevant different views on the nature 

of concepts are to conceptual debates in science. I think the fact that I have tried to be 

neutral on the nature of concepts in this thesis is an advantage since this thesis can then be 

used as the basis for further research by philosophers with very different views on what 

concepts are. But as I said in chapter 1, I think that most of these views will be irrelevant to 

how conceptual debates in science should be resolved. A possible exception is that the 

distinction between theoretical concepts and operational concepts might depend on our 

views on what concepts are. As we have seen this distinction is important for the species 

problem because it is the foundation of hierarchical pluralism. This distinction is therefore 

something that should be explored in great detail. 

Another thing that I want to mention is that at one point in the process of writing this thesis, 

I was going to make a distinction between the criticism of a concept and the criticism of the 

use of a concept and then discuss this distinction in some detail. A similar distinction is 

briefly mentioned by Burgess and Plunkett (2013a, p. 1096; emphasis original) who say that

there is a difference between 'whether to use a concept and how to use it'. We might for 

example have a concept that is perfectly fine when used in the right way for the right 

purposes, but someone could use this concept in the wrong way or for the wrong purposes. 

This can be compared with regular tools since we could have a hammer that works fine, but 

we could use this hammer for the wrong purposes like trying to saw something in half. 

My main example was going to be the criticism of adaptationism in philosophy of biology, 

which I briefly mentioned when I talked about natural history explanations in chapter 3. The

idea is that it is not the meaning of the concept of natural selection that is criticized by the 

critics of adaptationism. Instead they criticize the use of this concept and they argue that 

adaptationists overlook other kinds of explanations and are too eager to say that a trait is an 

adaptation. The main reason why I did not go into more detail was lack of space, but I also 

have some doubts about how significant the distinction is. The reason is that the distinction 

may not make much sense according to those who accept the views on language where 

meaning and use are the same, or at least very related, and it seems like the criticism of use 

and meaning will only come apart in some cases. The idea is that it seems like we are 
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always criticizing the use of a concept when we are criticizing the meaning, and that it is 

only in the cases where we are certain that we have the best concept that we are merely 

criticizing the use of a concept. That being said, I think it might be worth exploring.

Finally, I want to talk about how I would continue myself. In chapter 3 I mentioned that 

Hull (1997) names a fourth criterion for a good species concept. He calls this criterion 

dimensionality and he says that this is a virtue specifically of species concepts. So unlike 

the conceptual virtues I have focused on in this thesis, Hull is not saying that this is 

something that is used to evaluate concepts in all of science, but that it is a special feature of

species concepts. In short, dimensionality seems to be about whether or not species are 

taken to be extended in time. The phylogenetic species concept and other concepts defined 

in terms of a lineage are the most dimensional because species are then treated as lineages 

extended through time. The biological species concept is according to Hull less dimensional

because biological species are only a small time slice of a lineage. Finally, the phenetic 

species concept is completely non-dimensional and time is not mentioned at all in the 

definition. Hull says that there is some disagreement about how important this virtue is.

The pheneticists would certainly conclude that inclusion of temporal considerations 

in a species concept is a mistake and detracts from the value of this concept. 

However, advocates of other species concepts would disagree. Dimensionality is a 

virtue. (Hull 1997, p. 375)

It seems like the most dimensional species concepts are also the most theoretically 

significant because it seems like species are dimensional according to our best theories of 

evolution. Dimensionality could therefore just be the same as theoretical significance, but I 

won't discuss this in more detail here. Instead, I want to focus on the idea of very local or 

domain specific virtues since this is something that I think is worth exploring. 

This is similar to how I mentioned that there might be local or domain specific reasons to 

accept monism and pluralism, and that for example the reasons we have for believing that 

we should only have one species concept might be very different from the reasons we have 

for believing that we should only have one logic. Similarly, there could also be local or 

domain specific virtues in for example the debate about the concept of mental illness, and 

the arguments used to defend a certain change in the DSM might be very specific for this 

debate. Another possible example is that vagueness might not be a bad thing in biology 

because biological systems change very gradually. Speciation happens for example very 
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gradually and organisms develop very gradually. When I looked at the concept of biological

individuality in chapter 4, I mentioned that vague concepts make counting hard. But maybe 

we simply can't count a lot of things in biology because of how gradual biological systems 

change. A concept that is not vague might let us easily count things, but what we count 

might be arbitrary.

I think there are some prima facie reasons to believe that there will be local or domain 

specific virtues. One reason is that every concept is closely related to a unique set of 

concepts in a way that might lead to unique conceptual difficulties. The concept of mass is 

for example closely related to concepts like force, momentum, time, space, velocity, energy 

and so forth. Another reason is that concepts are used in specific contexts in order to reach 

specific scientific goals, and this context might lead to local or domain specific reasons to 

change concepts. How much variation there actually is can only be known by taking a very 

detailed look at different examples of conceptual change in different areas of science. 

A good way to continue the work I have done in this thesis is therefore to do the exact 

opposite of what I have done. Instead of using the conceptual debates as examples for a 

general discussion where the goal is to say something very general about what conceptual 

debates in different fields have in common, we should take a very detailed look at 

conceptual debates in different fields in order to find out what makes each conceptual 

debate special. I still think that the kind of general discussion that I have had in this thesis is

useful and interesting, because what has been discussed in this thesis is relevant for every 

conceptual debate in science. It is for example useful to have a general framework for how 

to think about conceptual debates, and since some of the same conceptual virtues seem to 

come up in all conceptual debates, it is useful to discuss them in a general way. The 

different types of resolutions to conceptual debates that I have looked at also come up in 

many different debates, and a general discussion of what their advantages are and how they 

work is therefore very useful. But a general discussion only gets us a short way down the 

road to resolving conceptual debates in science because in the end it is plausible that many 

conceptual debates, perhaps even all of them, are unique. So even if we end up agreeing on 

all the general issues discussed in this thesis, this does not mean that all the conceptual 

debates will be resolved. There is no general algorithm we can use to get the best concepts, 

and we must simply become better at improving concepts by doing a lot of conceptual 

engineering. 
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